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Abstract 

There is an established link between tuberculosis (TB) and diabetes mellitus (DM); active 

TB is two to three times more likely to develop in people with DM and TB outcomes are 

worsened in people with concurrent disease. The aim of this PhD thesis is to assess the 

costs, operational feasibility and health-related quality of life impact of alternative 

screening and management strategies for patients with concurrent TB and DM (TB-DM) 

in Indonesia, Peru and Romania. In these three countries with an increasing prevalence of 

DM and high country burdens of TB, this evidence is essential for establishing cost-

effective and feasible diagnostic guidelines and treatment protocols.   

Primary data were obtained from a cross-sectional study where patients underwent bi-

directional screening for TB-DM in Indonesia, Peru and Romania. However, since the 

overall study evolved differently in the three countries, analyses in the thesis are not 

always for all three countries. Indonesia is for instance the only country where patients 

with TB-DM were recruited to a randomised controlled trial (RCT) that compared standard 

DM care to intensive DM monitoring with education and counselling over six months. All 

patients in the RCT were monitored for TB and DM outcomes over the subsequent 12 

months. 

In Indonesia and Romania, the cost per accurate diagnosis for various algorithms was 

lower when screening people with TB for DM compared to screening people with DM for 

TB. The testing algorithm with the lowest cost per accurate diagnosis was age and point 

of care random plasma glucose in Indonesia (US$ 1.49) and Romania (US$ 5.64). From the 

perspective of health care workers, the barriers, opportunities and the most favourable 

test characteristics for implementing each test into routine practice were identified in 

Indonesia and Peru, with POC HbA1c being the most operationally feasible. Preliminary 

findings from the RCT in Indonesia illustrate that patients with TB-DM in the intensive 

monitoring arm reported a better HRQoL, but incurred 2.5 times more costs (out of pocket 

payments and productivity losses) than those in the standard care arm. 
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This comparative analysis is the first to assess and combine the costs, accuracy and 

feasibility of implementing bi-directional diagnostic testing, as well as patient treatment 

costs and health-related quality of life of concurrent TB-DM across several countries. It 

provides novel information needed for the cost-effective delivery of services for TB-DM, 

an emerging syndemic with an increasing burden in low- and middle-income countries.



  Acknowlegements 
 

  

5 

Acknowledgements 

This has been such a wonderfully challenging adventure. I don’t know where to begin. Ulla 

Griffiths, thank you for having the best combination of warmth and drive I have ever seen. 

I could not have asked for more from you as my supervisor. Sometimes I needed a harsh 

critic to push me academically and other times I needed a smile from a friend. You were 

always both, at the same time! I may never be able to fully thank you, not only for being 

such a stellar supervisor and role model, but for making the PhD journey a fun one, which 

definitely isn’t a guarantee. Thank you to my advisory committee, Julia Critchley and David 

Moore, two immensely busy professionals, for your thoughtful and stimulating input and 

guidance. You always encouraged me and gave of your time, in the midst of a demanding 

and complicated project. 

I have been inspired by my wonderful family, in so many ways. My entire life my parents, 

Gordon and Janet, have been a constant source of encouragement and calm. They have 

ensured that I had the tools necessary to succeed in life, including how to take the failures 

on the chin and turn them into lessons, without regret. Thank you for always being my 

beacons and the absolute best role models in how to love a lot and live well. I have made 

it here because you both knew I would. Mandy - my sister, friend, partner in all things idle. 

You have the highest standards of anyone I know and you have been an inspiration my 

entire life and every step of this PhD. I hope it makes the grade. Kwame, I see the honesty, 

hard work and integrity in all that you do, but especially your writing. That has comforted 

and inspired me during the long, lonely nights at the office. Nicole, your quiet 

determination and resilience has reminded me that sometimes you just have to get on 

with it. Che and Tess, thank you for keeping me honest and ensuring that my explanation 

was logical and valid each time my timeline slipped. You always know how to make me 

smile and make me want to be a better me. 

Michelle, you may not know it but your fighting spirit has always impressed me. Every 

time I wanted to give up, your mischievous smile flashed before me and I knew a little 



  Acknowlegements 
 

  

6 

more effort would take me a long way. Uncle Clifton, sorry I missed you. You are always 

in my thoughts. 

My LSHTM family welcomed me with such warmth that I soon stopped noticing the cold 

and dreariness of London. Thank you to Gunilla Backman-Caceres for taking me under 

your wing very early and unwaveringly believing in my abilities. You will never know how 

much that meant. Maureen Seguin for perfectly timed breaks and reminding me to not be 

so hard on myself. Daniel Cauchi and Keti Glonti, when you left London it became a little 

less cool. Your optimistic and determined faces were always the push I needed. Thank you 

for the late night conversations, the food, the wine and most importantly, the friendship. 

Jorn Jacobsen, Laura Anselmi, Jin Xi, Noemia Teixeira-Filha, David Lugo, Ngozi Erondu, 

Stefanie Dringus, Patrice Rabathaly, Mateusz Zatonski, Sabah Boufkhed and the entire 

wonderful RD family; it was such fun taking this ride with you.  

Deepti, Kerry, Lesley, Jevan, Deso, Riyadh, Frank, Michele, Aretha, Haz and Ria; you have 

been in my life forever and always will. Thank you for putting up with my crazy schedule 

over the last 4.5 years. I love you guys. Now, we lime! Karen Pierre, my mentor, you had 

no doubt that I could do this PhD and everything else at the same time. Seeing you do it 

made me believe that I could too. Thank you for encouraging me to go bravely, even if 

that meant losing two staff members. 

Hamish, you have been a constant inspiration and comfort. Thank you for creating the 

ideal space for me to realise my ambitions. I could not have imagined doing this without 

you by my side. You are an amazing person with such patience, calm, love and laughter. 

Chef, counsellor, editor, personal assistant, project manager, social planner, and life 

partner – you do them all with such joie de vivre. Marine’s chemistry introduced us, public 

health brought us together … I look forward to embracing the next chapter of our lives 

together. I love you.



  Table of contents 
 

  

7 

Table of contents 

Declaration ........................................................................................................................... 2 

Abstract ................................................................................................................................ 3 

Acknowledgements .............................................................................................................. 5 

Table of contents ................................................................................................................. 7 

List of tables ....................................................................................................................... 12 

List of figures ...................................................................................................................... 17 

List of appendices .............................................................................................................. 19 

Abbreviations ..................................................................................................................... 21 

Useful terminology ............................................................................................................. 23 

Preface ............................................................................................................................... 26 

PART I - INTRODUCTION .................................................................................................... 27 

STRUCTURE OF THE THESIS ....................................................................................................................................................... 27 

Chapter 1 Background .................................................................................................... 29 

1.1 PREVALENCE, DIAGNOSIS AND TREATMENT OF TUBERCULOSIS (TB) .................................................................... 29 

1.2 PREVALENCE, DIAGNOSIS AND TREATMENT OF DIABETES MELLITUS (DM) ......................................................... 32 

1.3 CONCURRENT TB AND DM ............................................................................................................................................ 34 

1.3.1 Epidemiology of concurrent TB-DM .........................................................................................................35 

1.3.2 Screening, diagnostics, treatment and prevention .............................................................................37 

1.3.3 Collaborative TB-DM Framework and the Bali Declaration ...........................................................39 

1.4 TANDEM PROJECT ......................................................................................................................................................... 41 

1.4.1 Published studies related to TANDEM objectives ................................................................................44 

1.5 INDONESIAN CONTEXT .................................................................................................................................................... 45 

1.6 PERUVIAN CONTEXT ........................................................................................................................................................ 48 

1.7 ROMANIAN CONTEXT ...................................................................................................................................................... 49 

1.8 HOW THIS PHD FITS INTO THE TANDEM PROJECT ................................................................................................. 51 

1.9 AIMS AND OBJECTIVES .................................................................................................................................................... 52 

1.10 CONCEPTUAL FRAMEWORK ...................................................................................................................................... 53 

1.11 CONTRIBUTION OF THE CANDIDATE ....................................................................................................................... 55 

Chapter 2 Literature reviews .......................................................................................... 57 

2.1 TB TREATMENT COSTS – A GLOBAL SYSTEMATIC REVIEW ........................................................................................ 58 

COSTS TO HEALTH SERVICES AND THE PATIENT OF TREATING TUBERCULOSIS: A SYSTEMATIC LITERATURE REVIEW58 

PREAMBLE TO RESEARCH PAPER 1 ......................................................................................................................................... 58 



  Table of contents 
 

  

8 

Research Paper 1 ............................................................................................................... 60 

COSTS TO HEALTH SERVICES AND THE PATIENT OF TREATING TUBERCULOSIS: A SYSTEMATIC LITERATURE REVIEW60 

ABSTRACT ..................................................................................................................................................................................... 61 

INTRODUCTION ............................................................................................................................................................................ 63 

METHODS ..................................................................................................................................................................................... 63 

RESULTS ........................................................................................................................................................................................ 66 

DISCUSSION .................................................................................................................................................................................. 86 

CONCLUSION................................................................................................................................................................................. 89 

2.2 TB DIAGNOSTIC COSTS .................................................................................................................................................... 91 

2.2.1 Methods ................................................................................................................................................................91 

2.2.2 Main findings .....................................................................................................................................................93 

2.3 SUMMARY ........................................................................................................................................................................ 100 

PART II - METHODS .......................................................................................................... 101 

Chapter 3 Study settings ............................................................................................... 102 

3.1 INDONESIA ...................................................................................................................................................................... 103 

3.1.1 Health system and service provision ...................................................................................................... 103 

3.1.2 Study sites ......................................................................................................................................................... 110 

3.2 PERU ................................................................................................................................................................................ 113 

3.2.1 Health system and service provision ...................................................................................................... 113 

3.2.2 Study sites ......................................................................................................................................................... 116 

3.3 ROMANIA ........................................................................................................................................................................ 118 

3.3.1 Health system and service provision ...................................................................................................... 118 

3.3.2 Study sites ......................................................................................................................................................... 122 

3.4 COUNTRY AND SITE SELECTION ................................................................................................................................... 124 

Chapter 4 TANDEM study protocols and workflow ...................................................... 127 

Chapter 5 Methods framework and overview ............................................................. 145 

PART III – RESULTS CHAPTERS.......................................................................................... 147 

PREAMBLE TO PAPERS .............................................................................................................................................................. 147 

Chapter 6 Socio-economic status ................................................................................. 149 

6.1 INTRODUCTION .............................................................................................................................................................. 149 

6.2 METHODS ........................................................................................................................................................................ 149 

6.2.1 Data collection ............................................................................................................................................... 149 

6.2.2 Data analysis ................................................................................................................................................... 150 

6.3 RESULTS .......................................................................................................................................................................... 152 

6.3.1 Useful assets and categories ..................................................................................................................... 152 

6.3.2 The asset weights .......................................................................................................................................... 156 

6.3.3 Distribution of asset ownership ............................................................................................................... 160 



  Table of contents 
 

  

9 

6.3.4 SES differences between patients with TB and patients with DM .............................................. 167 

6.4 DISCUSSION .................................................................................................................................................................... 167 

Chapter 7 How to do (or not to do) … a micro-costing of laboratory tests.................. 169 

PREAMBLE TO RESEARCH PAPER 2 ....................................................................................................................................... 169 

Research Paper 2 ............................................................................................................. 171 

HOW TO DO (OR NOT TO DO) … A MICRO-COSTING OF LABORATORY TESTS ................................................................... 171 

ABSTRACT ................................................................................................................................................................................... 172 

INTRODUCTION .......................................................................................................................................................................... 173 

COST COMPONENTS ................................................................................................................................................................... 174 

CONDUCTING A MICRO-COSTING OF LABORATORY TESTS ................................................................................................... 177 

STEP 1. PLAN IT OUT! ...................................................................................................................................................... 178 

STEP 2. CONDUCT INITIAL INTERVIEWS ....................................................................................................................... 181 

STEP 3. PRODUCE A LABORATORY WORKFLOW .......................................................................................................... 181 

STEP 4. PERFORM AN INVENTORY OF CAPITAL ITEMS ................................................................................................ 183 

STEP 5. CREATE LISTS ..................................................................................................................................................... 185 

A. CONSUMABLES AND REAGENTS ................................................................................................................................... 185 

B. UNIT (INPUT) COSTS ..................................................................................................................................................... 185 

C. STAFF ............................................................................................................................................................................... 187 

D. RECURRENT OVERHEAD COSTS .................................................................................................................................... 187 

STEP 6. COMPLETE THE SPREADSHEET ........................................................................................................................ 187 

STEP 7. CALCULATE MEAN COST PER TEST .................................................................................................................. 187 

A. PULLING THE RESOURCE QUANTITY DATA TOGETHER............................................................................................. 188 

B. APPROPRIATE COST VALUES ........................................................................................................................................ 189 

C. MEAN COST PER TEST ................................................................................................................................................... 190 

PRACTICALITIES OF MICRO-COSTING ..................................................................................................................................... 192 

I. OVERHEAD COSTS – WORTH THE TROUBLE? ............................................................................................................ 192 

II. HOW TO ALLOCATE SHARED COSTS? .......................................................................................................................... 193 

III. WHO ARE YOUR SOURCES? ........................................................................................................................................... 193 

IV. ECONOMIC COSTS ........................................................................................................................................................... 194 

V. CONSIDER ALL PATHWAYS ........................................................................................................................................... 194 

VI. DONATED GOODS AND VOLUNTEERED TIME ............................................................................................................. 194 

DISCUSSION ................................................................................................................................................................................ 195 

CONCLUSION............................................................................................................................................................................... 196 

Chapter 8 Costs per accurate diagnosis of bi-directional screening in Indonesia and 

Romania: integrating tuberculosis and diabetes services ............................................... 197 

PREAMBLE TO RESEARCH PAPER 3 ....................................................................................................................................... 197 

Research Paper 3 ............................................................................................................. 199 



  Table of contents 
 

  

10 

COSTS PER ACCURATE DIAGNOSIS OF BI-DIRECTIONAL SCREENING IN INDONESIA AND ROMANIA: INTEGRATING 

TUBERCULOSIS AND DIABETES SERVICES ............................................................................................................................... 199 

ABSTRACT ................................................................................................................................................................................... 201 

INTRODUCTION .......................................................................................................................................................................... 203 

METHODS ................................................................................................................................................................................... 204 

RESULTS ...................................................................................................................................................................................... 212 

DISCUSSION ................................................................................................................................................................................ 231 

CONCLUSION............................................................................................................................................................................... 236 

Chapter 9 Operational feasibility of bi-directional screening for tuberculosis and 

diabetes in Indonesia and Peru ........................................................................................ 238 

PREAMBLE TO RESEARCH PAPER 4 ....................................................................................................................................... 238 

Research Paper 4 ............................................................................................................. 240 

OPERATIONAL FEASIBILITY OF BI-DIRECTIONAL SCREENING FOR TUBERCULOSIS AND DIABETES IN INDONESIA AND 

PERU ............................................................................................................................................................................................ 240 

ABSTRACT ................................................................................................................................................................................... 242 

INTRODUCTION .......................................................................................................................................................................... 244 

METHODS ................................................................................................................................................................................... 246 

RESULTS ...................................................................................................................................................................................... 254 

DISCUSSION ................................................................................................................................................................................ 278 

CONCLUSION............................................................................................................................................................................... 282 

Chapter 10 Health-related quality of life .................................................................... 283 

10.1 INTRODUCTION ........................................................................................................................................................ 283 

10.2 METHODS .................................................................................................................................................................. 285 

10.2.1 Data collection and instruments ....................................................................................................... 285 

10.2.2 Data analysis ............................................................................................................................................. 288 

10.3 RESULTS .................................................................................................................................................................... 291 

10.3.1 Patient characteristics .......................................................................................................................... 291 

10.3.2 Reported patient health profiles ....................................................................................................... 295 

10.3.1 Association between HRQoL and disease status at baseline .................................................. 302 

10.3.2 Health utility scores for EQ-5D-5L using general population value sets ........................... 309 

10.3.3 Correlation between HRQoL and age .............................................................................................. 310 

10.3.4 Effect of DM management on health utility .................................................................................. 313 

10.4 DISCUSSION ............................................................................................................................................................... 316 

10.5 CONCLUSION ............................................................................................................................................................. 317 

Chapter 11 Patient costs in Indonesia ........................................................................ 318 

11.1 INTRODUCTION ........................................................................................................................................................ 318 

11.2 METHODS .................................................................................................................................................................. 318 



  Table of contents 
 

  

11 

11.2.1 Literature reviews ................................................................................................................................... 319 

11.2.1.1 TB treatment costs .................................................................................................................................. 319 

11.2.1.2 DM treatment costs ................................................................................................................................ 320 

11.2.1.3 Concurrent TB and DM – economics of screening and treatment ....................................... 322 

11.2.2 Data collection .......................................................................................................................................... 322 

11.2.3 Data analysis ............................................................................................................................................. 323 

11.3 RESULTS .................................................................................................................................................................... 324 

11.3.1 Medical costs ............................................................................................................................................. 326 

11.3.2 Transport costs ......................................................................................................................................... 326 

11.3.3 Productivity and childcare costs ....................................................................................................... 328 

11.3.4 Coping strategies ..................................................................................................................................... 330 

11.3.1 Mean patient costs per case treated ................................................................................................ 331 

11.4 DISCUSSION ............................................................................................................................................................... 334 

11.5 CONCLUSION ............................................................................................................................................................. 337 

PART IV – DISCUSSION AND CONCLUSION ...................................................................... 339 

Chapter 12 Discussion ................................................................................................. 339 

12.1 MAIN RESEARCH FINDINGS .................................................................................................................................... 340 

12.2 STRENGTHS AND LIMITATIONS .............................................................................................................................. 344 

12.2.1 Data availability and quality .............................................................................................................. 345 

12.2.2 Biases ............................................................................................................................................................ 346 

12.2.3 Logistical challenges .............................................................................................................................. 347 

12.2.4 Health system constraints .................................................................................................................... 348 

12.3 CONTRIBUTION TO KNOWLEDGE ........................................................................................................................... 350 

12.3.1 Health economics .................................................................................................................................... 350 

12.3.2 TB-DM services ......................................................................................................................................... 351 

12.4 POLICY IMPLICATIONS ............................................................................................................................................. 351 

12.5 FUTURE RESEARCH AGENDA .................................................................................................................................. 352 

12.6 LESSONS LEARNT – REFLECTIONS ON A MULTI-COUNTRY PHD ....................................................................... 353 

Chapter 13 Conclusion ................................................................................................ 356 

References ....................................................................................................................... 357 

Appendices ....................................................................................................................... 382 

 



  List of tables 
 

  

12 

List of tables 

Table 1-1: Recommended collaborative activities in the TB-DM Framework ................... 39 

Table 2-1: Summary of treatment cost papers included in review ................................... 69 

Table 2-2: Quality assessment: Percent of papers* .......................................................... 75 

Table 2-3: Mean drug-sensitive and multidrug-resistant TB provider treatment costs 

according to country income group, 2014 US$ (n)* .................................................. 77 

Table 2-4: Mean drug-sensitive and multidrug-resistant TB direct patient costs and 

productivity losses according to country income group, 2014 US$ (n)* ................... 78 

Table 2-5: Journal articles with TB diagnostic tests unit costs for China, India, South Africa, 

Indonesia and Romania (as of March 2015) .............................................................. 94 

Table 2-6: Mean provider costs for TB diagnostic tests, 2015 US$ ................................... 97 

Table 3-1: Social, health and economic indicators, Indonesia and Romania .................. 102 

Table 4-1: TANDEM sample sizes for Indonesia, Peru and Romania ............................... 132 

Table 4-2: TANDEM patient recruitment in Indonesia, Peru and Romania as of October 

2016 ......................................................................................................................... 132 

Table 6-1: TANDEM patient enrolment for bi-directional screening in Indonesia and 

Romania, by site ....................................................................................................... 152 

Table 6-2: Merged and dropped variable categories before principal component analysis 

in Indonesia, Peru and Romania .............................................................................. 154 

Table 6-3: Standardised weights (factor scores) of principal component analysis for 

patients with TB and patients with DM recruited to the TANDEM study in Indonesia

 .................................................................................................................................. 157 

Table 6-4: Standardised weights (factor scores) of principal component analysis for 

patients with TB and patients with DM recruited to the TANDEM study in Peru ... 158 

Table 6-5: Standardised weights (factor scores) of principal component analysis for 

patients with TB and patients with DM recruited to the TANDEM study in Romania

 .................................................................................................................................. 159 

Table 6-6: Proportional ownership of bank account, housing characteristics and durable 

assets by socio-economic quintile, Indonesia.......................................................... 164 



  List of tables 
 

  

13 

Table 6-7: Proportional ownership of bank account, housing characteristics and durable 

assets by socio-economic quintile, Peru .................................................................. 165 

Table 6-8: Proportional ownership of bank account, housing characteristics and durable 

assets by socio-economic quintile, Romania ........................................................... 166 

Table 7-1: Activities and resources for micro-costing of a laboratory diagnostic test .... 180 

Table 7-2: List of capital items for Ziehl-Neelsen smear microscopy and MODS culture tests 

in Indonesia .............................................................................................................. 184 

Table 7-3: List of consumables and reagents for sputum collection, Ziehl-Neelsen smear 

microscopy and MODS culture tests in Indonesia* ................................................. 186 

Table 8-1: Sensitivity and specificity of screening and diagnostic tests for tuberculosis and 

diabetes mellitus in Indonesia and Romania ........................................................... 213 

Table 8-2: Mean costs per patient for tuberculosis screening in people with diabetes - 

Indonesia and Romania (2014 USD) ........................................................................ 216 

Table 8-3: Mean direct medical provider costs per patient for diabetes screening in people 

with tuberculosis - Indonesia and Romania (2014 USD) ......................................... 218 

Table 8-4: Cost per accurate diagnosis of tuberculosis screening and diagnostic tests in 

people with diabetes - Indonesia (2014 USD) ......................................................... 220 

Table 8-5: Cost per accurate diagnosis of diabetes screening and diagnostic tests in people 

with tuberculosis - Indonesia (2014 USD) ................................................................ 224 

Table 8-6: Cost per accurate diagnosis of diabetes screening and diagnostic tests in people 

with tuberculosis - Romania (2014 USD) ................................................................. 227 

Table 9-1: Manufacturer specifications of point of care diabetes diagnostic tests used in 

Indonesia and Peru .................................................................................................. 247 

Table 9-2: Tuberculosis tests description in Indonesia and Peru .................................... 248 

Table 9-3: Data collection dates for operational feasibility questionnaires of screening and 

diagnostic tests in TANDEM ..................................................................................... 252 

Table 9-4: Characteristics of health care workers performing screening tests in the 

TANDEM study in Indonesia and Peru (n=48) ......................................................... 254 

Table 9-5: Number of questionnaires completed by activity and time point in Indonesia 

and Peru ................................................................................................................... 255 



  List of tables 
 

  

14 

Table 9-6: User friendliness of DM screening questionnaires in clinic staff in Indonesia and 

Peru .......................................................................................................................... 256 

Table 9-7: User friendliness of DM screening questionnaires in laboratory staff, Indonesia 

and Peru ................................................................................................................... 257 

Table 9-8: Clinic staff training and performance times for diabetes tests in Indonesia and 

Peru .......................................................................................................................... 258 

Table 9-9: Laboratory staff training and performance times for diabetes tests in Indonesia 

and Peru ................................................................................................................... 259 

Table 9-10: Change in test appropriateness for diagnosing diabetes mellitus from 

perspective of health care workers in Indonesia and Peru ..................................... 261 

Table 9-11: Compromised tests or samples for diabetes mellitus testing as reported by 

clinic staff in Indonesia and Peru ............................................................................. 263 

Table 9-12: Sample quality for diabetes mellitus tests as reported by laboratory staff at 

the beginning and end of patient recruitment in Indonesia and Peru .................... 264 

Table 9-13: User friendliness of TB screening questionnaires in clinic staff in Indonesia and 

Peru# ......................................................................................................................... 266 

Table 9-14: User friendliness of TB screening questionnaires in laboratory staff in 

Indonesia and Peru# ................................................................................................. 267 

Table 9-15: Clinic staff training and performance times for tuberculosis tests in Indonesia 

and Peru# .................................................................................................................. 268 

Table 9-16: Laboratory staff training and performance times for tuberculosis tests in 

Indonesia and Peru# ................................................................................................. 269 

Table 9-17: Test appropriateness for diagnosing tuberculosis from perspective of health 

care workers in Indonesia and Peru ........................................................................ 271 

Table 9-18: Compromised tests or samples for tuberculosis testing as reported by clinic 

staff in Indonesia and Peru# ..................................................................................... 273 

Table 9-19: Sample quality for tuberculosis tests as reported by laboratory staff at the end 

of patient recruitment in Indonesia and Peru# ........................................................ 275 

Table 10-1: Sample sizes for EQ-5D-5L profiles for people with TB and TB-DM at baseline 

and those included in the randomized controlled trial in Indonesia, Romania and Peru

 .................................................................................................................................. 286 



  List of tables 
 

  

15 

Table 10-2: EQ-5D-5L data points for people with TB-DM in Indonesia and Romania ... 286 

Table 10-3: Baseline characteristics of participants with TB and TB-DM in Indonesia, Peru 

and Romania ............................................................................................................ 292 

Table 10-4: Characteristics of people in RCT with TB-DM in Indonesia and Romania .... 294 

Table 10-5: Participant responses to EQ-5D-5L and EQ VAS (health profile) at baseline in 

Indonesia, Peru and Romania .................................................................................. 296 

Table 10-6: Participant responses to EQ-5D-5L and EQ VAS (health profile) over four time 

points in Indonesia ................................................................................................... 299 

Table 10-7: Participant responses to EQ-5D-5L and EQ VAS (health profile) over two time 

points in Romania .................................................................................................... 301 

Table 10-8: Association between HRQoL and disease status (linear regression - unadjusted 

and adjusted), Indonesia .......................................................................................... 304 

Table 10-9: Association between HRQoL and disease status (linear regression - unadjusted 

and adjusted), Peru .................................................................................................. 305 

Table 10-10: Association between HRQoL and disease status (linear regression - 

unadjusted and adjusted), Romania ........................................................................ 306 

Table 10-11: Stratified linear regression (age and sex interaction) in people with TB or TB-

DM in Indonesia, Peru and Romania ....................................................................... 308 

Table 10-12: Difference in EQ-5D-5L utility scores at each time point between people with 

TB-DM in two arms of an RCT, Indonesia ................................................................ 309 

Table 10-13: Difference in EQ-5D-5L utility scores at each time point between people with 

TB-DM in two arms of an RCT, Romania .................................................................. 310 

Table 10-14: Correlation between health-related quality of life value sets and age for 

people with tuberculosis and diabetes in Indonesia, Peru and Romania ............... 311 

Table 10-15: Correlation between ALTERNATIVE health-related quality of life value sets 

and age for people with tuberculosis and diabetes in Indonesia, Peru and Romania - 

sensitivity analysisα .................................................................................................. 312 

Table 10-16: Effect of DM management on mean utility score of people with tuberculosis 

and diabetes in standard care versus intensive monitoring arms of RCT between 

baseline and 6-months, Indonesia using Thailand value sets.................................. 314 



  List of tables 
 

  

16 

Table 10-17: Effect of DM management on mean utility score of people with TB-DM in an 

RCT (baseline to 6 months), Indonesia using UK value sets (SENSITIVITY ANALYSIS)

 .................................................................................................................................. 315 

Table 11-1: Baseline characteristics of TANDEM randomised controlled trial participants 

with tuberculosis and diabetes in Bandung, Indonesia ........................................... 325 

Table 11-2: Mean TB-DM patient costs for diagnosis, treatment and transport in Bandung, 

Indonesia (2014 USD) ............................................................................................... 327 

Table 11-3: Mean income lost per patient with TB-DM in Indonesia (2014 USD) .......... 329 

Table 11-4: Patient costs per case of TB-DM treated in Bandung, Indonesia (2014 USD)

 .................................................................................................................................. 333 



  List of figures 
 

  

17 

List of figures 

Figure 1-1: TANDEM studies and patient flow .................................................................. 43 

Figure 1-2: Map of Southeast Asia with Indonesia highlighted ......................................... 46 

Figure 1-3: Map of South America with Peru highlighted ................................................. 48 

Figure 1-4: Map of Europe with Romania highlighted ....................................................... 50 

Figure 1-5: Conceptual framework for strategies to detect and treat people with 

concurrent tuberculosis and diabetes ....................................................................... 54 

Figure 2-1: Literature review flow chart ............................................................................ 67 

Figure 2-2: Mean TB provider treatment costs per patient (2014 US$) according to GNI per 

capita (2013 US$) ....................................................................................................... 80 

Figure 2-3: Flow chart for systematic literature review for tuberculosis diagnostic test 

costs ........................................................................................................................... 92 

Figure 3-1: Map of Indonesia and the city of Bandung indicating the TANDEM study sites

 .................................................................................................................................. 112 

Figure 3-2: Map of Peru and the metropolitan area of Lima indicating the TANDEM study 

sites .......................................................................................................................... 117 

Figure 3-3: Map of Romania and the counties of Dolj and Gorj indicating the TANDEM 

study sites ................................................................................................................ 123 

Figure 4-1: Overall TANDEM patient workflow ............................................................... 129 

Figure 4-2: Patient and sample workflow for people with DM in Indonesia ................... 134 

Figure 4-3 Patient and sample workflow for people with TB in Indonesia ..................... 135 

Figure 4-4: Patient and sample workflow for people with DM in Peru ........................... 138 

Figure 4-5: Patient and sample workflow for people with TB in Peru ............................. 140 

Figure 4-6: Patient and sample workflow for people with DM in Romania .................... 142 

Figure 4-7: Patient and sample workflow for people with TB in Romania ...................... 144 

Figure 6-1: Distribution of socio-economic status index for patients with tuberculosis and 

patients with diabetes, Indonesia ............................................................................ 160 

file://///HOMEJ/HOMEJ/PHP/LSH129297/Thesis%20-%20YL/Corrections/YLaurence_Thesis_23%2002%2017_CORRECTIONS_20170719.docx%23_Toc488254771
file://///HOMEJ/HOMEJ/PHP/LSH129297/Thesis%20-%20YL/Corrections/YLaurence_Thesis_23%2002%2017_CORRECTIONS_20170719.docx%23_Toc488254771
file://///HOMEJ/HOMEJ/PHP/LSH129297/Thesis%20-%20YL/Corrections/YLaurence_Thesis_23%2002%2017_CORRECTIONS_20170719.docx%23_Toc488254777
file://///HOMEJ/HOMEJ/PHP/LSH129297/Thesis%20-%20YL/Corrections/YLaurence_Thesis_23%2002%2017_CORRECTIONS_20170719.docx%23_Toc488254778
file://///HOMEJ/HOMEJ/PHP/LSH129297/Thesis%20-%20YL/Corrections/YLaurence_Thesis_23%2002%2017_CORRECTIONS_20170719.docx%23_Toc488254779
file://///HOMEJ/HOMEJ/PHP/LSH129297/Thesis%20-%20YL/Corrections/YLaurence_Thesis_23%2002%2017_CORRECTIONS_20170719.docx%23_Toc488254780


  List of figures 
 

  

18 

Figure 6-2: Distribution of socio-economic status index for patients with tuberculosis and 

patients with diabetes, Peru .................................................................................... 161 

Figure 6-3: Distribution of socio-economic status index for patients with tuberculosis and 

patients with diabetes, Romania ............................................................................. 162 

Figure 6-4: Proportion of patients by quintile for TB and DM in Indonesia, Peru and 

Romania ................................................................................................................... 167 

Figure 7-1: Cost categories for calculating mean costs of a laboratory test ................... 176 

Figure 7-2: Sputum sample workflow for Z-N smear and MODS culture in bacteriology 

laboratory, Indonesia ............................................................................................... 182 

Figure 8-1: TB case definitions in TANDEM ..................................................................... 207 

Figure 8-2: Flowchart of stepped diagnosis pathways for tuberculosis in Indonesia - 2 

examples presented ................................................................................................. 222 

Figure 8-3: Flowchart of stepped diagnosis pathways for diabetes in Romania - two 

examples presented ................................................................................................. 230 

Figure 11-1: Number of patients being treated for TB-DM reporting coping strategies in 

Bandung, Indonesia*................................................................................................ 331 



  List of appendices 
 

  

19 

List of appendices 

Appendix A: Full electronic search strategies .................................................................. 382 

Appendix B: Quality assessment for studies with provider costs only ............................ 384 

Appendix C: Quality assessment for studies with provider and patient costs ................ 386 

Appendix D: Provider mean DS-TB treatment costs per patient (2014 US$) .................. 391 

Appendix E: Provider mean MDR-TB treatment costs per patient (2014 US$) ............... 397 

Appendix F: Mean DS-TB treatment costs reported by patients (2014 US$) .................. 398 

Appendix G: Mean MDR-TB treatment costs reported by patients (2014 US$) ............. 402 

Appendix H: Full electronic search strategies for TB diagnostic costs ............................ 403 

Appendix I: TANDEM Ethics Approvals - LSHTM .............................................................. 405 

Appendix J: TANDEM Ethics Approvals – UNPAD, Indonesia .......................................... 408 

Appendix K: TANDEM Ethics Approvals - UPCH, Peru ..................................................... 411 

Appendix L: TANDEM Ethics Approvals - UMFCV, Romania ............................................ 413 

Appendix M: TANDEM case report form ......................................................................... 415 

Appendix N: Sample micro-costing spreadsheets ........................................................... 429 

Appendix O: TANDEM health facility and hospital characteristics in Indonesia, 2013-2016

 .......................................................................................................................................... 443 

Appendix P: TANDEM health facility and hospital characteristics in Romania, 2013-2016

 .......................................................................................................................................... 444 

Appendix Q: Characteristics of screening and diagnostic tests for tuberculosis and 

diabetes mellitus in Indonesia and Romania ................................................................... 445 

Appendix R: Overhead cost composition for mean costs of screening and diagnostic tests 

in Indonesia and Romania ................................................................................................ 448 

Appendix S: Characteristics of patients screened - narrative .......................................... 449 

Appendix T: Patient characteristics for people screened in TANDEM study, Indonesia and 

Romania 2013-2016 ......................................................................................................... 450 

Appendix U: Multivariate analysis, Indonesia and Romania 2013-2016 ......................... 451 

Appendix V: Operational feasibility questionnaire - diabetes screening tests for TANDEM 

clinic staff ......................................................................................................................... 452 



  List of appendices 
 

  

20 

Appendix W: Operational feasibility questionnaire – diabetes screening tests for 

laboratory staff ................................................................................................................ 472 

Appendix X: Operational feasibility questionnaire – tuberculosis screening tests for clinic 

staff .................................................................................................................................. 485 

Appendix Y: Operational feasibility questionnaire – tuberculosis screening tests for 

laboratory staff ................................................................................................................ 516 

Appendix Z: EuroQol's EQ-5D-5L questionnaire - English version ................................... 551 

Appendix AA: Patient costs questionnaire for Indonesia ................................................ 554 

Appendix BB: Data collection form for unscheduled visits by patients with TB-DM in 

TANDEM ........................................................................................................................... 556 

 



 Abbreviations 
 

   

21 

Abbreviations 

AIDS    Acquired immunodeficiency syndrome 

BMI   Body mass index 

CE   Cost-effectiveness 

CHOICE  CHOosing Interventions that are Cost-Effective 

CI   Confidence interval 

CXR   Chest radiography or chest x-ray 

CVD   Cardiovascular disease 

DM   Diabetes mellitus 

DOTS   Directly observed treatment, short-course 

DS-TB   Drug-susceptible tuberculosis 

EE   Economic evaluation 

EURO   WHO European Regional Office 

FBG   Fasting blood glucose 

FN   False negative 

FP   False positive 

GDP   Gross domestic product 

GNI   Gross national income 

HbA1c   Glycated haemoglobin 

HCW   Health care worker 

HIV   Human immunodeficiency virus 

HRQoL   Health-related quality of life 

IGRA   Interferon gamma release assay 

IDF   International Diabetes Federation 

LMIC   Low- and middle-income countries 

LTBI   Latent tuberculosis infection 

MDR-TB  Multidrug-resistant tuberculosis 

MoH   Ministry of Health 

NCD   Non-communicable disease 
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NTP   National Tuberculosis Programme 

PAHO Pan American Health Organization, Regional Office for the 

Americas of the World Health Organization 

PCA   Principal component analysis 

POC   Point of care 

Puskesmas Community Health Centre (Pusat Kesehatan Masyarakat) in 

Indonesia 

RCT   Randomised controlled trial 

RPG   Random plasma glucose 

SES   Socio-economic status 

TANDEM  Concurrent Tuberculosis and Diabetes Mellitus 

TB   Tuberculosis 

TB-DM   Concurrent TB-DM 

The Union  The Union Against Tuberculosis and Lung Disease 

TN   True negative 

TP   True positive 

TST   Tuberculin skin test 

UHC   Universal health coverage 

WDF   World Diabetes Foundation 

WHO   World Health Organization 
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Useful terminology 

Active tuberculosis The disease that occurs when infected with Mycobacterium 

tuberculosis, characterised by signs or symptoms of active 

disease. Distinct from latent tuberculosis infection, which 

occurs without signs or symptoms of active disease. It is 

curable and preventable. 

Clinician  Staff member with medical training (doctor or nurse), 

working in health facility clinics, hospital wards or other area 

where they interact directly with patients 

Diagnostic accuracy An assessment of the association between the test result 

and the disease status of the patient, using sensitivity and 

specificity measures in this thesis, to create an estimation of 

the post-test probability of a disease (prediction) (Eusebi, 

2013).  

Diabetes management For type 2 DM, this is a comprehensive approach to 

correcting, as far as possible, insulin resistance through 

modifications in diet and exercise. In the long-term, oral 

antidiabetic drugs and/or insulin may also be required. DM 

management also aims to prevent or treat complications 

from the disease or prevent the need for treatment of the 

disease.     

High burden country Within the context of TB, there are three lists of high burden 

countries (HBCs), each comprising 30 countries: TB, TB/HIV 

and MDR-TB. These were redefined in 2015 by a WHO 

document and are meant to be used from 2016 to 2020. 
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HBCs are defined as the countries with the top 20 absolute 

number of cases plus 10 additional countries, not already in 

the top 20 list, with the most severe burden (cases per 

capita) that meet the minimum threshold of absolute 

number of cases (i.e. 10,000 per year for TB and 1,000 per 

year for TB/HIV and MDR-TB) (WHO, 2015f). 

Hyperglycaemia Occurs when the blood glucose levels are elevated (IDF, 

2011). 

Latent tuberculosis Also called latent tuberculosis infection; defines when a 

person is infected with the Mycobacterium tuberculosis but 

does not have any clinical manifestations of active 

tuberculosis. 

DOTS TB treatment World Health Organization recommended tuberculosis (TB) 

control strategy for TB cases with a positive sputum smear. 

DOTS ensures that patients can be cured of active TB and 

stop being infectious. It entails six months of chemotherapy 

(anti-TB drugs) administered under direct and supportive 

observation. It is split into: 

1. Intensive phase: months 1 to 2, and  

2. Continuation phase: months 3 to 6 

Sensitivity Proportion of true positive samples with the disease in a 

total group of samples reported to have the disease: 

TP/(TP+FN). Probability of getting a positive test result in a 

person with the disease (Eusebi, 2013). 

Specificity Proportion of samples without the disease with a negative 

test result in a total group of samples without the disease: 
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TN/(TN+FP). Probability of getting a negative test result in a 

healthy person (Eusebi, 2013).  

Type 1 DM Type 1 diabetes mellitus is usually caused by an auto-

immune reaction where the body’s defence system attacks 

the cells that produce insulin in the pancreas (IDF, 2011). 

Previously called juvenile-onset diabetes. 

Type 2 DM Type 2 diabetes mellitus is characterised by insulin 

resistance and relative insulin deficiency (IDF, 2011). 

Previously known as non-insulin dependent or adult–onset 

diabetes.  
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Preface 

This ‘paper-style’ thesis has one systematic literature review and three results chapters 

that are written as independent manuscripts but they are related to the common theme 

of assessing diagnostics and treatment for TB and DM. I have included preambles and 

linking material where necessary to make the thesis flow as well as possible. Given this 

format there is an avoidable degree of repetition between the research papers and the 

traditional thesis chapters, particularly with respect to the content of the background, 

some methods sections and acronym definitions.  

Additionally, because there are four research papers which have been prepared to 

conform with the style of different journals, the heading and section styles vary within the 

thesis. I tried to merge the styles as smoothly as possible but apologise for any incongruity.
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PART I - INTRODUCTION 

This PhD aims to assess the strategies used to detect and treat people with concurrent 

Tuberculosis (TB) and Diabetes Mellitus (DM) in Indonesia, Peru and Romania. Since the 

two diseases are traditionally managed in separate vertical programmes, co-management 

requires integration of one into the other or some other health system collaboration. The 

thesis explores several aspects of this process from the perspectives of health care 

providers and patients, including costs, operational feasibility of implementation and 

patient quality of life. 

Structure of the thesis 

This thesis consists of 13 chapters divided into four parts: introduction, methods, results 

and discussion. The introduction contains a background chapter, which provides the 

context for the PhD by providing epidemiological information on the two diseases and 

how they relate. The PhD aims, objectives and conceptual framework were also presented 

here. Chapter 2 contains literature reviews of costs and cost-effectiveness studies of 

diagnosis and treatment of TB. 

Part 2, the methods, describes the study settings and the health systems in Indonesia, 

Peru and Romania in chapter 3. The TANDEM study protocols and sampling for screening 

and treatment of concurrent TB and DM are explained in chapter 4. Chapter 5 presents 

an overview of all of the data collection and analysis methods used in the PhD, which are 

described in further detail in the results chapters or research papers that contribute to 

this thesis. 

Part 3 contains the results of the various analyses performed, which are presented as 

three traditional chapters and three research papers. Though the poverty indices were 

not a PhD objective, the results of that analysis are included in chapter 6, as they were not 

fully explained in any of the research papers. Chapter 7 is the paper outlining How to do 

(or not to do) a micro-costing study, which was the methods used to obtain unit costs for 
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the TB and DM diagnostic tests. Chapter 8 presents the results of the micro-costing studies 

performed and assesses the costs of accurate diagnosis for TB and DM screening and 

diagnostic tests included in the TANDEM project. The operational feasibility of 

implementing the DM and TB screening and diagnostic tests from the perspective of the 

health care workers are presented in Chapter 9. Health-related quality of life of TB and 

DM patients at baseline and 6 months is the focus of Chapter 10, with the patient costs of 

diagnosis and treatment of concurrent disease in Chapter 11. 

The discussion in part 4 includes the thesis discussion in Chapter 12. The discussion 

includes a summary of the research findings presented in the chapters and papers of part 

3, as well as a reflection on the analyses and how the cost, feasibility and health-related 

quality of life results relate to those of similar interventions for TB and DM. This chapter 

also reflects on how this PhD has contributed to the field of research and explores the 

implications of the findings for policy formation and how these can inform future 

research. Limitations are acknowledged in this chapter. The final chapter (13) is the 

conclusion of the thesis. 
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Chapter 1 Background 

This chapter provides the context in which the research was performed for the diseases 

and the settings, in addition to highlighting my specific contributions to the limited body 

of evidence on the understanding of concurrent TB and DM and informs an integrated 

approach for TB and DM services. 

1.1 Prevalence, diagnosis and treatment of tuberculosis (TB) 

It is estimated that between a quarter and a third of the world’s seven billion people are 

infected with the tuberculosis (TB) bacterium, called Mycobacterium tuberculosis (Mtb), 

and therefore have latent TB infection (LTBI) (Houben and Dodd, 2016, WHO, 2016a). An 

individual infected with Mtb has a 10% lifetime risk of becoming ill with TB disease (WHO, 

2013d). In 2015, 6.1 million of the 10.4 million estimated cases of active TB were notified 

to National TB Programmes (NTPs), which reported these to the World Health 

Organization (WHO). In the same year, there were 1.4 million TB deaths, making TB one 

of the top ten leading causes of death globally, surpassing the human immunodeficiency 

virus (HIV) (WHO, 2016a). As one of the main co-morbidities of TB, HIV has prolonged the 

TB pandemic (WHO, 2012). 

  

Three revised lists of high burden countries for TB, TB/HIV and MDR-TB, each containing 

30 countries, were published by the WHO in 2015 (WHO, 2015f). The TB list is defined as 

the top 20 countries with the highest absolute number of TB cases and 10 additional 

countries with the highest rate per capita that were not already included in the top 20 

countries, provided they have a minimum threshold of at least 10,000 cases per year. 

TB most commonly affects the lungs, which is called pulmonary tuberculosis (PTB). TB can 

in fact affect all parts of the human body and TB in any part of the body other than the 

lungs is called extrapulmonary TB.  PTB spreads through the air when people who have TB 

disease exhale Mtb. This typically occurs when coughing. There is less evidence on the 
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veracity of infectiousness when sneezing, singing or speaking (Turner and Bothamley, 

2014). The focus in this thesis will be LTBI and PTB. 

LTBI is diagnosed by the tuberculin skin test and more recently by the interferon gamma 

release assay (IGRA) blood test. The IGRA test can detect both LTBI and TB disease, but 

cannot distinguish between them and is therefore only recommended for the diagnosis 

of LTBI. PTB is most often diagnosed by sputum smear microscopy (in resource 

constrained settings) or sputum culture (in settings with fully developed laboratory 

capacity), which is the gold standard. Chest x-ray (CXR) is also a commonly used tool for 

identifying PTB, but has limitations due to reliance on film quality and interpretation by 

the reader, which often results in low specificity where non-TB abnormalities on lungs are 

difficult to distinguish from TB (van Cleeff et al., 2005). Since 2011 the WHO has endorsed 

the Xpert® MTB/RIF assay for national adoption as the initial diagnostic test for adults and 

children in settings with a high drug-resistant or HIV-associated TB burden (WHO, 2013a). 

A sputum sample is used to test for TB disease and drug-susceptibility for rifampicin only 

(the key first-line anti-TB drug); the test does not need to be performed by trained 

laboratory personnel, it does not require advanced biosafety equipment and results are 

available within two hours (Lawn et al., 2013). However, Xpert® MTB/RIF requires 

sophisticated equipment that needs frequent calibration and maintenance, a connection 

to a computer, a continuous electricity supply and air conditioning. 

In order to achieve the WHO Strategy of ending the global TB epidemic by 2035, new or 

improved, rapid, accurate and affordable diagnostic tools need to be more accessible, 

particularly for universal drug-susceptibility testing, high-risk groups, including people 

with HIV or diabetes and vulnerable populations, such as children (WHO, 2015a, Abubakar 

et al., 2016, Lienhardt et al., 2016). Another obstacle to the elimination of TB is drug-

resistance, which occurs due to either poor adherence to the six month, first-line anti-

tuberculosis medication regimen or contracting a drug-resistant Mtb strain.  

Drug susceptible (DS) TB is relatively cheap to treat, particularly in comparison to 

multidrug-resistant tuberculosis (MDR-TB). However, the global incidence (1990: 149 per 
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100,000; 2014: 133 per 100,000) is not decreasing as quickly as had been predicted with 

the introduction of the directly observed treatment, short-course (DOTS) by the World 

Health Organization (WHO) in 1993 (Dye et al., 2011, WHO, 2015b). DOTS for DS-TB 

traditionally lasts six months and comprises two phases: intensive and continuation. The 

intensive phase lasts two months, where patients take daily dosages of four first line anti-

TB drugs (Isoniazid (I), Rifampicin (R), Pyrazinamide (Z) and Ethambutol (E). The 

continuation phase lasts four months with a reduced drug regimen of two anti-TB drugs (I 

and R). Both phases need a consistent level of support and supervision by health care 

workers as well as family, friends and/or members of the patient’s community. Of the 9.6 

million cases of TB in 2014, 5% (480,000) were estimated to have had MDR-TB, which is 

defined as resistance to at least rifampicin and isoniazid, the two core first-line anti-TB 

drugs (WHO, 2015c). There is variability in the format of observed treatment for MDR-TB. 

The average length is approximately 20 months, with the first eight months constituting 

the intensive phase, and diversity in the combination of first-, second- and third-line anti-

TB drugs that are prescribed (WHO, 2014a). 

There is currently no vaccine available to prevent active TB in adults, but there are several 

in the development stages, with one candidate having completed phase III (Mendez-

Samperio, 2016). The focus of TB vaccine development is either prevention of infection or 

halting progression of the disease in people already infected. Options for alternative 

immunological approaches are also being discussed (Lienhardt et al., 2016, Abubakar et 

al., 2016). 

In 2015, 94% of all TB cases occurred in low- and middle-income countries (LMICs) and 

Asia had the greatest proportion (61%) of incident TB cases globally. (WHO, 2016a, WHO, 

2012). 

The budgeted cost to control TB in LMICs for 2015 was US$ 8 billion, of which DS-TB 

detection and treatment accounted for 67% (US$ 5.3 billion). The 2014 cost per patient to 

detect and treat DS-TB was estimated to be between US$100 and US$500, but there is 

large variation in costs between countries in different income groups (WHO, 2015b). The 
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majority (approximately 75%) of TB cases are in people between the ages of 15 and 54, 

which are the most productive years of life and this further impacts the economic and 

social burden that the disease places on a society (The Union and WDF, 2014). 

1.2 Prevalence, diagnosis and treatment of diabetes mellitus (DM) 

The prevalence of diabetes mellitus (DM) has doubled over the last 30 years in both high-

income countries (HICs) and LMICs (Basu et al., 2013). It is estimated that there are 

currently 415 million people with DM (9% of all adults) and three out of four live in LMICs 

(IDF, 2015, Kapur et al., 2016). DM is estimated to directly cause 1.5 million deaths 

annually, but this rises to 5.0 million when complications due to DM are included (IDF, 

2015).  

DM is a chronic, metabolic disease that weakens the immune system. There are three 

main types of diabetes: type 1, type 2 and gestational, which are all characterised by 

elevated blood glucose levels, called hyperglycaemia. While there are several other types 

of diabetes due to factors such as genetic mutations, damage to the pancreas or 

complications from other diseases, these are estimated to constitute less than 1% of all 

diabetes (IDF, 2015).  

Type 1 DM (T1DM) occurs if the body cannot produce the insulin hormone it requires for 

transporting glucose from the blood to body cells where it is turned into energy. T1DM 

most often presents in children and young adults who must then go on lifelong insulin 

injections and it is not preventable. 

Type 2 DM (T2DM) occurs due to a combination of factors: increased insulin demands 

when the body becomes resistant to the insulin it produces, which ultimately leads to 

insufficient insulin levels in the blood, and inability of the pancreas to produce enough 

insulin to meet the increased metabolic demands (relative beta cell failure) (Kasuga, 

2006). Traditionally, T2DM was considered a disease of adulthood, but more sedentary 

lifestyles and poorer diet compositions in populations across the world have caused a 

noticeable increase in the diagnosis of T2DM in children and adolescents. The main risk 
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factors for T2DM are obesity and being overweight. The risk of developing T2DM can be 

substantially reduced by regular physical activity and a healthy diet. T2DM can also be 

reversed, partially by loss of body weight. 

Gestational DM is any hyperglycaemia detected for the first time during pregnancy. The 

symptoms of increased thirst and frequent urination can present as normal pregnancy 

symptoms and a laboratory test is therefore needed to diagnose gestational DM. 

There are common symptoms for T1 and T2 DM, but they often present more suddenly in 

T1DM. Upon diagnosis, the type of DM is often not reported, so the exact burden of each 

type is not clear. However, prevalence studies in high-income countries (HIC) estimate 

that approximately 87-91% of all DM is T2, 7-12% are T1 and the remaining types of DM 

account for 1-3% (IDF, 2015). This thesis will deal solely with T2DM. 

The 2006 World Health Organization (WHO) and International Diabetes Federation (IDF) 

diagnostic criteria for DM is the reference point used globally, and are based on two tests: 

the fasting plasma glucose (≥7.0 mmol/l) and 2-hour plasma glucose (≥11.1 mmol/l) 

(WHO, 2006). Updated recommendations to complement the diagnostic criteria for DM 

have been made and include the use of the laboratory glycated haemoglobin (HbA1c) test 

(≥6.5%), but context specific factors, such as structural capacity (for quality assurance and 

compliance with international standardisation criteria for assays) and demographic profile 

(particularly ethnicity and age) must be considered when using this test (WHO, 2011b, 

Shepard et al., 2015). 

The prescribed method of managing DM is behavioural change, including healthy diet, 

regular physical activity, maintaining body weight and avoiding tobacco use. The 

structural changes needed to facilitate this on a societal level are challenging but oral 

drugs and injectable insulin are second and third line measures that are instrumental in 

patients with DM living productive lives 

A major concern with DM is the wide range of co-morbidities, classified as macrovascular 

or microvascular. Macrovascular diseases affect the heart and large blood vessels, 
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including angina, myocardial infarction, heart failure, stroke and others, while 

microvascular complications arise from damage to smaller blood vessels and are more 

localised, including retinopathy, nephropathy, neuropathy, foot ulcers and many more 

(Williams et al., 2002). 

In 2015, treating DM and preventing complications were estimated to cost between US$ 

673 billion and US$ 1,197 billion globally. The average annual cost per patient to treat and 

manage DM are estimated to range between US$ 1,622 and US$ 2,886 in various settings 

(IDF, 2015). This mean cost per patient again varies by GNI per capita. Out-of-pocket costs 

for people with DM are substantial and often impact the entire household, as 

management of DM is not episodic, but lifelong. 

1.3 Concurrent TB and DM 

The understanding of the link between TB and DM has a long history, documented as early 

as 800 AD, when TB was known as “consumption” (phthisis in Greek), and thought to 

complicate DM (Morton, 1694). TB has interactions with several infectious and non-

infectious diseases, but TB-DM is of particular concern because the interaction between 

the two diseases increases the vulnerability of individuals and can also maintain the TB 

epidemic within a population (Lin et al., 2012). The risk of TB infection is increased 

approximately three-fold if an individual has DM, due to depressed immunity and greater 

susceptibility to infection. Moreover, they may have worsened TB treatment outcomes. 

Patients with TB have also been shown to be at increased risk of DM because they have 

chronic stimulation of the inflammatory system, which ultimately decreases insulin 

production, thus increasing the risk of DM (Young et al., 2009).  

The immunological, genetic, pharmacokinetic and economic interactions between TB and 

DM are not yet well understood, and comprehensive treatment protocols and policies for 

the double burden of disease have therefore not yet been developed. There are currently 

no international guidelines for management and care of concurrent TB-DM. In 2011 the 

International Union Against Tuberculosis and Lung Disease (The Union) and the WHO 
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produced a Collaborative Framework that identified gaps in current knowledge and 

sought to guide countries and communities in the process of developing treatment 

protocols (The Union and WHO, 2011). 

In order to increase efficiency of the management and control of TB, it is important to 

recognise that the disease in many ways has more in common with non-communicable 

diseases (NCDs) than acute infectious diseases. This is because patients with TB are often 

dealing with long-term treatment adherence issues, they are monitored within primary 

health care settings, and lifestyle changes during treatment are needed for it to be 

successful (Marais et al., 2013). The best approach to address concurrent TB-DM is thus 

to more creatively manage these infectious and non-infectious diseases together (Marais 

et al., 2013). TB and DM share similar challenges and they collectively accounted for over 

6.5 million deaths in 2014 (WHO, 2015b, IDF, 2015). This is especially important in LMICs 

where the increasing burden of NCDs and a higher incidence of TB means that one disease 

increases the risk of the other disease (Marais et al., 2013). 

Many countries still have vertical, disease specific approaches (such as National TB 

Programmes (NTPs)), which are unable to exploit the similarities and potentially merge 

the already established, but distinct infectious disease and NCD control programmes 

(Marais et al., 2013). However, there is consensus about the need to integrate health 

services in order to improve service delivery (WHO, 2008). 

1.3.1 Epidemiology of concurrent TB-DM 

Despite Avicenna’s very early recognition around the 11th century that there must be a 

relationship between TB and DM (Morton, 1694), the association was not fully 

documented until 1934 when Root reviewed autopsy studies from the late 1800s onwards 

that looked at people with DM who also had TB. Root (1934) established a link between 

TB and DM, but without fully understanding the nature of it. In the second half of the 20th 

century, recognition of the TB-DM association faded due to the successful treatment of 

DM in the 1920s with insulin and sulfonylureas in the 1950s, and later of TB when effective 

antibiotics became easily accessible (Restrepo, 2007, White, 1997). In the 21st century 
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there has however been a resurgence of the recognition of the link between the two 

diseases due to a global increase in the prevalence of both TB and DM, which are now 

both classified as pandemics (Restrepo, 2007).  

Since the initial analysis by Root (1934) there has been a clear understanding that people 

with DM are at least two to three times more likely to develop active TB than people 

without DM. This is driven by demographic factors, namely age (younger) and ethnicity 

(Jeon and Murray, 2008), but further investigation is needed to understand how ethnic 

differences modify the association between TB and DM. The susceptibility of patients with 

DM to TB has only been clearly documented in the last 20 to 30 years. One of the other 

major challenges within the physiology of concurrent TB-DM is understanding which 

condition was contracted first (Littleton and Park, 2009). 

The prevalence of DM in patients with TB varies according to setting (Marais et al., 2013). 

Rural China, Peru and Indonesia have recorded an adult prevalence of 10.6%, 11.1% and 

14.8%, respectively, while Iran, India and Mexico have reported as high as 23.1%, 25.3% 

and 35.2%, respectively (Lin et al., 2012, Magee et al., 2013, Alisjahbana et al., 2007, 

Golsha et al., 2009, Viswanathan et al., 2012, Ponce-de-Leon et al., 2004). This wide 

variation is thought to be partly attributed to timing of the DM diagnosis, which is more 

accurate when performed after TB treatment has begun, as untreated TB disease can 

prompt hyperglycaemia that may be misclassified as DM and result in an over-diagnosis 

of DM (Jeon et al., 2010). 

There is limited data on the prevalence of TB in people with DM, but this is being 

investigated more and more, particularly in countries that are experiencing an increase in 

the incidence of TB in the general population. In recent studies, the prevalence of 

pulmonary TB in people with DM ranges from 1.3% in Tanzania (Mtwangambate et al., 

2014) to 6.2% in Ethiopia (Amare et al., 2013), both of which are classified as TB high-

burden countries. 
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The possible physiological mechanisms that drive the TB-DM association are that people 

with DM are more easily infected with TB than people without DM, and therefore are at 

higher risk of LTBI. DM also facilitates reactivation of LTBI due to the faster immune 

system impairment than in people without DM. Moreover, TB contributes to DM through 

chronic inflammatory effects that predispose people to DM. There are also mutual 

underlying causations (e.g. renal insufficiency and vitamin A, C and D deficiencies) and 

certain contributing factors (e.g. smoke exposure). Finally, complications arising due to 

inappropriate treatment of either disease can result in longer TB infectivity and poorer 

glucose control (Jeon and Murray, 2008, Stevenson et al., 2007a).  

A systematic review on the prevalence TB-DM based on bi-directional screening was 

published in 2010 by Jeon et al. (2010). They reported that active screening for TB in 

people with DM was justified due to the high prevalences of TB, which met the established 

criteria (WHO, 2013c) for implementation of active case finding for TB in high-risk 

populations such as HIV positive individuals, gold miners and prisoners in LMICs. The 

prevalence of DM in people with TB had a wide range, with high values found in countries 

with a high prevalence of DM (Jeon et al., 2010). 

1.3.2 Screening, diagnostics, treatment and prevention 

Identifying people with concurrent TB-DM is essential. While the absolute numbers of TB 

cases identified when screening people with DM are often low, this can still be valuable 

since the case notification rate of TB per screened DM population is often higher than 

found in the general population (Lin et al., 2012). A potential challenge of TB screening in 

DM programmes is improperly conducted screens where clinical staff are not accustomed 

to reading CXRs or assisting patients to produce quality sputum samples for smear and 

culture tests for TB. Moreover, DM clinicians may be unaware of increased risk of active 

TB in patients with DM. Additional challenges of screening for TB in DM programmes are 

under-reporting of positive TB symptom screens due to test imprecisions in people with 

DM, poor referral and tracing systems, and limited follow-up of people with DM due to 

health system inadequacies in recording and reporting people with DM (Lin et al., 2012). 
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Reducing the risk of infection to staff and other patients during sputum collection can be 

a barrier to implementation, as many DM clinics do not have suitable sputum collection 

sites (Bantubani et al., 2014). 

Screening for DM in people with TB gives a substantially higher yield due to higher DM 

prevalence in the general population. However, the best screening protocol and diagnosis 

cut-off values for laboratory and point of care glucose tests are not yet known and is 

complicated by the fact that DM diagnosis is not binary like for instance HIV (Harries et 

al., 2011). A limitation found in studies that have screened patients with TB for DM is that 

TB can cause stress hyperglycaemia, therefore impacting the accurate diagnosis of DM 

(Faurholt-Jepsen et al., 2013), which can be refined once timing of DM diagnosis is better 

understood in people with TB. 

In people with active TB, DM may negatively affect TB treatment outcomes by delaying 

the time to microbiological response and thereby increasing the risk of relapse or death 

(Jiménez-Corona et al., 2013). DM may also interfere with the effectiveness of certain anti-

TB medications (Dooley and Chaisson, 2009). Increased risk of treatment failure suggests 

that DM may also accelerate drug-resistant TB, but the results on this are still inconclusive 

(Stevenson et al., 2007b). TB may trigger the onset of DM in pre-diabetics and worsen 

glycaemic control in people with existing DM. Moreover, TB medications may also worsen 

glycaemic control. 

No clear prevention strategies for concurrent TB-DM have yet been proposed and experts 

in the field stress the importance of further research to inform such guidelines. Given the 

current knowledge gaps, recommendations are that efforts should continue for 

preventing the two diseases through their usual mechanisms: isoniazid preventive 

therapy (IPT) for TB prevention in susceptible people (such as people with HIV or poorly 

controlled DM) (Harries et al., 2011) and lifestyle modifications for prevention or delay in 

progression to type 2 diabetes (Alberti et al., 2007). 
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1.3.3 Collaborative TB-DM Framework and the Bali Declaration 

The Collaborative Framework for Care and Control of Tuberculosis and Diabetes (“The 

Framework”) published by the Union and WHO in 2011 (The Union and WHO, 2011) was 

the first international guideline for TB and DM that sought to inform decision-makers and 

clinicians about the disease interactions and how to decrease the joint burden. For The 

Framework, systematic literature reviews were commissioned to answer key questions 

surrounding the management and control of TB-DM. This was followed by expert 

consultations that assessed the review findings and developed the provisional framework 

and recommendations. The nine recommendations focus on establishing mechanisms for 

collaboration, improving the detection and management of TB in patients with DM, and 

improving the detection and management of DM in patients with TB (Table 1-1). 

Table 1-1: Recommended collaborative activities in the TB-DM Framework 

A. Establish mechanisms for collaboration 

A.1. Set up means of coordinating DM and TB activities 

A.2. Conduct surveillance of TB disease prevalence among people with DM in 

medium- and high-TB burden settings 

A.3. Conduct surveillance of DM prevalence in TB patients in all countries 

A.4. Conduct monitoring and evaluation of collaborative DM and TB activities 

B. Detect and manage TB in patients with DM 

B.1. Intensify detection of TB among people with DM 

B.2. Ensure TB infection control in health-care settings where DM is managed 

B.3. Ensure high quality TB treatment and management in people with DM 

C. Detect and manage DM in patients with TB 

C.1. Screen patients with TB for DM 

C.2. Ensure high quality DM management among TB patients 

 

In The Framework it is proposed that process and outcome indicators are developed 

alongside the activities to facilitate monitoring and operational research on feasibility, 

effectiveness and cost-effectiveness of all proposed models of collaboration that seek to 

prevent, diagnose and treat concurrent TB-DM. 
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The systematic literature reviews conducted for The Framework identified gaps in 

knowledge that were converted into 11 key research questions with priority rankings of 

high (n=5), medium (n=5) and low (n=1). The high priority research areas were concerned 

with (i) screening patients with DM for TB; (ii) screening patients with TB for DM; (iii) TB 

treatment outcomes in patients with DM; (iv) implementing and evaluating the DOTS 

model for standardised case management of DM; and (v) development and evaluation of 

a point of care (POC) glycated haemoglobin (HbA1c) test for TB patients. One of the 

medium priority research questions was to determine the additional medical costs 

associated with diagnosis and management of dual disease; this will be assessed in this 

PhD dissertation. 

According to The Framework, the implications of the TB-DM link can be addressed in four 

key areas: TB prevention, TB screening, TB treatment and post exposure prophylactic TB 

treatment in people with DM. Since there is linked susceptibility between the two 

diseases, preventing TB at the population level requires primary and secondary 

prevention of DM. Additionally, if people with DM are at a higher risk of TB than people 

without DM, screening for TB in patients with DM may be justified, particularly in 

populations with a high TB prevalence. Since it is also thought that DM increases the risk 

of unfavourable TB treatment outcomes, specialised and high-quality TB treatment in 

people with DM is essential, similar to the management of HIV associated TB. Finally, 

prophylactic TB treatment may be indicated in people with DM who have recently been 

exposed to TB. 

The Framework highlights that due to lower than expected TB treatment rates and a 

slower than expected decline in TB prevalence, the ability of health systems to successfully 

prevent, diagnose and treat concurrent disease is compromised, especially in countries 

with high or rapidly increasing DM prevalence. Therefore, collaborative activities between 

TB and DM programmes could not only address the complications of the concurrent 

diseases, but also strengthen the efforts to address the separate challenges of each 

disease. A particularly appealing collaborative effort is to use the successes of the TB DOTS 

model to improve the management of DM by standardising the protocols, which would 
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require support and supervision of patients during treatment, medication that is supplied 

through a regulated and consistent mechanism, and political commitment that demands 

transparent management, monitoring and evaluation of all programmes and activities. 

The Bali Declaration came out of the first world summit on TB-DM in Bali, Indonesia in 

November 2015. The declaration is a signed commitment by world leaders in public 

health, research, business and technology to advocate for both diseases and to ensure 

international implementation of The Framework. This is a first step in political 

commitment and the key solution was to focus on bi-directional screening: 

“…where people diagnosed with TB are screened for diabetes, and, in certain 
contexts, people with diabetes are screened for TB. Getting this done will 
require closer and more thoughtful collaboration between stakeholders in 
infectious diseases and non-communicable diseases.” (The Union, 2015b) 

1.4 TANDEM project 

The project, of which this PhD is part, is called TANDEM: ‘Concurrent Tuberculosis and 

Diabetes Mellitus; unravelling the causal link and improving care’. TANDEM is funded by 

the European Commission under the Seventh Framework Programme of the European 

Union (EU FP7). The study originated as a response to a call for proposals from the EU to 

research the interaction between an infectious and a non-infectious disease. The TANDEM 

consortium consists of a multi-disciplinary team of individuals and sites that are 

investigating the immunological, epidemiological, genetic, pharmacokinetic, operational 

and health economic components of screening for TB-DM and treating patients with 

concurrent diseases. The objectives of TANDEM directly address the nine recommended 

activities in the collaborative TB-DM Framework (Table 1-1).  

The study sites are in four TB endemic countries that are experiencing increases in DM 

prevalence: Indonesia, Peru, Romania and South Africa. These sites are linked to and 

supported by leading laboratories in four European countries: United Kingdom, Germany, 

Netherlands and Romania. The project is comprised of 11 organisations and one project 

management partner based in Germany. 
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The aims of TANDEM are to generate evidence that will guide future management of 

concurrent TB-DM and provide insights into the biological nature of the interaction, which 

could enhance clinical care (van Crevel and Dockrell, 2014a). 

The project objectives are divided into four scientific and two administrative “work 

packages” (WP):  

WP1. To identify feasible, accurate and cost-effective ways of screening patients with 

TB for DM, and determine the prevalence of DM among patients with TB and of 

TB in patients with DM in different geographic regions. 

WP2. To determine the level of DM management required during and after TB 

treatment, and the effect of glucose control on TB treatment outcome. 

WP3. To identify key pathways which may account for enhanced susceptibility to, and 

poorer treatment outcomes of, TB-DM by comparing gene expression and 

biomarker profiles in TB patients with, compared to those without, DM. 

WP4. To establish the cellular and molecular basis responsible for the causal link 

between DM and TB, and in particular to determine the effect of hyperglycaemia 

and genetic variation on the host protective response to Mycobacterium 

tuberculosis (Mtb).  

WP5. To ensure coherent dissemination and timely exploitation of project results.  

WP6. To enable a smooth project workflow and provide the necessary support 

mechanisms to ensure that all contractual commitments are met according to 

the timeline. 

TANDEM was officially launched in February 2013. Recruitment of patients with existing 

or newly diagnosed DM and patients with newly diagnosed TB (WP1) began in December 

2013 and January 2014, respectively (Figure 1-1). Patients were screened for concurrent 

disease until November 2015 and June 2016, respectively. In order to increase the sample 

size of the RCT, “targeted” recruitment of patients with TB and DM was initiated in 

Indonesia in February 2016 and ended in February 2017. Targeted recruitment included 

enrolling all patients with TB or suspected TB who have any history of DM as well as any 

patient with TB or suspected TB without a history of DM but 35 years or older and a 

random capillary blood glucose of more than 110 mg/dL. 
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Due to capacity issues, only patients in Indonesia and Romania progressed to the 

intervention in WP2. In WP2 patients with TB who were screened for DM and diagnosed 

with TB-DM were randomised to two arms of DM management and actively followed-up 

for 18 months. A practical decision was made to not include people with DM who were 

screened for TB in WP2 in order to ensure that patients were not double counted and to 

avoid the data management challenges that would be entailed in correcting this. 

The randomised controlled trial (RCT) began in March 2014 in Romania and in April 2014 

in Indonesia. The Romania RCT was however discontinued in December 2015 due to 

discordance between the TANDEM DM management protocol and regulated DM 

management in Romania, as well as operational obstacles at the participating hospitals 

and low patient follow-up rates. The RCT in Indonesia is expected to end in July 2017 and 

follow-up of patients in the RCT 12 months later in July 2018. The RCT is registered at 

ClinicalTrials.gov (NCT02106039). 

Figure 1-1: TANDEM studies and patient flow 

Source: TANDEM EU FP7 Proposal 
WP – work package 
DM – diabetes mellitus 
TB – tuberculosis 
Mtb – Mycobacterium tuberculosis 
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1.4.1 Published studies related to TANDEM objectives 

Over the last few years, results of several pilot studies with similar objectives to various 

parts of the TANDEM project have been published. One study from China with results 

published in two separate papers prospectively assessed the feasibility and disease 

prevalence from screening people with DM for TB (Lin et al., 2012) and screening patients 

with TB for DM (Li et al., 2012) during routine service at five DM clinics and six TB 

clinics/hospitals across China. Newly diagnosed DM was found in 2.9% of patients 

registered with TB. RCG screening followed by FBG if RBG ≥ 6.1 mmol/L and referral to DM 

clinics for management, if concurrent TB-DM disease was confirmed, was considered to 

be feasible in routine services. However, improved services could be achieved by offering 

free diagnostic blood tests and if TB and DM services were integrated. TB was detected in 

0.5% of people with DM after TB symptom screen at the DM clinic, followed by sputum 

smear microscopy and chest radiography at a TB facility. TB screening in DM settings was 

also considered to be feasible (without stating how this was assessed), but to achieve 

better performance recommendations were made to add staff to assist with the increased 

workload and utilise the electronic medical record system to assist with reporting (Lin et 

al., 2012). 

In India, Jali et al. (2013) also reported on the feasibility and results of bi-directional 

screening for TB and DM in a prospective observational study in routine services. There 

were 49 (16.0%) newly diagnosed cases of DM in patients with TB and 111 (2.7%) cases of 

TB in people with DM. The study found that bi-directional screening was feasible (again, 

without indicating the criteria for determining feasibility) and resulted in high rates of TB 

detection, earlier and better detection of DM and TB, as well as improved clinical 

outcomes for anti-TB treatment and DM management. 

Lastly, in Mexico, bi-directional screening and joint management of concurrent disease 

was deemed to be feasible and to improve clinical outcomes in an observational cohort 

study where people with TB and DM were followed-up for at least 12 months (Castellanos-

Joya et al., 2014). The prevalence of TB in people with DM was highest in this setting at 
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4.9%. DM in patients with TB was 19.4%. Screening and management were demonstrated 

as feasible, but the recommendation was to implement DM screening in patients with TB 

rather than the converse since the yield was higher in this scenario. Most impressive was 

the higher treatment completion rate for joint treatment than for individual treatment 

programmes. The higher TB prevalence among people with DM than in the general 

population, suggests that TB transmission may be occurring in the health care setting, 

which may be due to poor compliance to international guidelines for the prevention of TB 

transmission in primary healthcare centres and specialised units (Castellanos-Joya et al., 

2014). 

The studies in China and India only assessed the bi-directional screening, whereas the 

study in Mexico was most similar to TANDEM in terms of a cross-sectional bi-directional 

screening and six months of concurrent TB treatment and DM management followed by 

several months of follow-up. The additional advantage of TANDEM is the randomised 

comparison of intensive DM management versus standard care. 

1.5 Indonesian context 

Indonesia is a lower-middle income country in Southeast Asia with a 2015 gross national 

income (GNI) per capita of US$ 3,440 and population of 258 million (WB, 2016a). 

Indonesia is a state comprising approximately 6,000 inhabited (17,504 registered) islands 

lying between the Indian and Pacific oceans on a total area of 1.9 million square kilometres 

(Central Bureau of Statistics (Indonesia), 2015) (Figure 1-2). 
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Figure 1-2: Map of Southeast Asia with Indonesia highlighted 
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Just over half (54%) of the population live in urban areas of this fourth most populated 

country in the world (141 people per square kilometre) (WB, 2016b, WHO, 2015g). The 

official language is Bahasa Indonesia and is used in formal settings but many Indonesians 

speak one or more of the 600 languages, including Javanese and Sundanese (Paauw, 

2009). 

It is a high burden country for TB, with 395 cases per 100,000 population in 2015, resulting 

in an estimated 1 million (95% uncertainty interval: 0.7 million – 1.5 million) new cases. 

Only 330,729 (32%) of these 1 million new PTB cases were notified, 64% of whom were 

bacteriologically confirmed (WHO, 2016a).  

Indonesia had the seventh largest number of adults, aged 20-79 years, with DM in 2015, 

with an estimate of 10 million (95% uncertainty interval: 8.7 – 10.8 million) cases, 

representing 6.2% of the adult population, and almost 185,000 deaths (IDF, 2015).  

The fourth highest number of adult TB cases associated with DM (48,000) is in Indonesia 

(Harries et al., 2015), but very little else is known about the TB-DM syndemic in the 

country. 
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1.6 Peruvian context 

Peru spans a total of 1,285,216 square kilometres on the western coast of South America 

(Figure 1-3). 

Figure 1-3: Map of South America with Peru highlighted 
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It is bordered by Ecuador and Colombia to the north, the Amazon region of Brazil to the 

east and Bolivia and a sliver of Chile to the south. The country reported a population of 31 

million people in 2015, of which the capital city of Lima, kissed by the South Pacific Ocean 

mid-way between Ecuador and Chile, is home to 31% (9.9 million) (WB, 2016b). The GNI 

per capita for that year was US$ 6,130, classifying it as an upper-middle income country 

(WB, 2016a). 

Spanish is the most commonly spoken language but many Peruvians speak one or more 

native languages, such as Quechua. The 2015 population density was 25 people per square 

kilometre, with 79% living in urban areas (UNSD, 2016). The peak elevation is 6,768 metres 

above sea level at Huascarán. Due to its tropical latitude, topography and ocean currents, 

Peru has diverse climates along the coast, in the mountainous regions and in the Andean 

peaks (Weiss, 1954). 

Peru had 37,000 (95% uncertainty interval: 29,000 – 47,000) new cases of TB in 2015 at a 

rate of 119 per 100,000 (WHO, 2016a). WHO reported that 30,988 (84%) of these cases 

were notified, 81% of whom were PTB, and 82% of PTB were bacteriologically confirmed. 

The mortality rate for all TB cases was 7.8 per 100,000 population (2,500 deaths) in 2015. 

There were an estimated 1.2 million (95% uncertainty interval: 0.9 – 1.9 million) Peruvian 

aged 20-79 with DM in 2014, producing an adult prevalence of 6.4% (IDF, 2011). DM 

related deaths were recorded as 7,769; partially due to a high proportion of patients 

having poor glycaemic control. This has been reported to be around 70% (Huayanay-

Espinoza et al., 2016). 

1.7 Romanian context 

The final country included in this thesis is Romania, an upper-middle income country in 

southeast Europe with a 2015 GNI per capita of US$ 9,500 (WB, 2016a). The country 

covers 238,000 square kilometres and is land locked by five countries except for a 225 km 

coastline that lies on the Black Sea (Figure 1-4). 
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Figure 1-4: Map of Europe with Romania highlighted 
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The population density is 86 people per square kilometre (WB, 2016b). The climate is 

temperate, with average temperatures ranging from 11 degrees Celsius in the south of 

the country to -2.5 degrees Celsius in the mountain peaks. The population was 20 million 

in 2015, of which 55% were estimated to live in urban areas (WB, 2016b). The official and 

most widely spoken language is Romanian (European Commission, 2009). There was a 

revolution in 1989 that lead to the transformation of Romania from a communist country 

into a republic that has partially introduced capitalism and market systems, but also 

continues to maintain platforms for social democracy (Vlădescu et al., 2005). Romania 

became a member of the European Union in 2007, joining a community of approximately 

500 million citizens (European Union, 2016). 

There were an estimated 16,000 (95% uncertainty interval: 14,000 – 19,000) new cases of 

TB in 2015 and a TB incidence rate of 84 per 100,000 (WHO, 2016a). There were a total of 

15,195 notified cases, of which 83% were PTB and 81% of PTB were bacteriologically 

confirmed.  

Romania was estimated to have 1.5 million (95% uncertainty interval: 0.9 – 2.3 million) 

adults with DM in 2014, which accounted for 7% of the population and 10.6% of the adult 

population; this resulted in approximately 18,900 deaths (IDF, 2015). A study from 2011 

reported that 93% of people with DM in Bucharest had T2DM and 7% had T1DM (Donicova 

et al., 2011). The prevalence of DM complications in new cases is estimated to be 50%, 

but details about the most common complications are limited (Donicova et al., 2011). 

1.8 How this PhD fits into the TANDEM project 

Two of the six TANDEM work packages have objectives that are part of this PhD. The PhD 

addressed the “cost-effectiveness studies” part of WP2 in Figure 1-1. This PhD also 

assessed the operational feasibility, WP1, of the TB and DM screening tools from the 

perspective of the health care workers. 

The cost per accurate diagnosis and feasibility of bi-directional screening of TB and DM 

was assessed alongside the cross-sectional study component of the TANDEM project, and 
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the cost and health-related quality of life comparisons of two different DM management 

strategies was estimated alongside the longitudinal intervention. 

1.9 Aims and objectives 

The aim of this PhD is to assess the costs, operational feasibility and health-related quality 

of life impact of alternative screening and management strategies for patients with 

concurrent TB and DM in Indonesia, Peru and Romania.  

Research question: What are the costs and health-related quality of life outcomes of 

various screening algorithms and management strategies for TB-DM? 

There are five PhD objectives: 

1. To compare the mean cost per accurate diagnosis of DM for four screening and 

one diagnostic tests in newly diagnosed TB patients when used alone, in various 

combinations and when used with the gold standard of laboratory glycated 

haemoglobin (HbA1c) test:  

i. DM risk score 

ii. Point of care (POC) Random plasma glucose (RPG) test  

iii. Urine dipstick 

iv. POC HbA1c test 

v. Fasting blood glucose (FBG) test 

2. To compare the mean cost per accurate diagnosis of two TB screening methods 

in existing cohorts of patients with type 2 DM, which will be followed by sputum 

examination (smear and culture) if irregular results are found: 

i. TB symptom screen 

ii. Chest X-ray 

3. To evaluate and compare the operational feasibility of various DM screening 

strategies in people with TB; and various TB screening strategies in people with 

DM 

4. To compare the health-related quality of life of patients with concurrent TB-DM 

receiving two different clinical management strategies for DM: 
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i. Standard care: standard practice at each study site 

ii. Enhanced intensive monitoring: FBG and clinical review at baseline, 2 

weeks, 4 weeks and then monthly until 12 months after TB treatment 

completion 

5. To compare the incremental cost (above TB treatment costs) of patients with 

concurrent TB-DM receiving two different clinical management strategies for 

DM: 

i. Standard care: standard practice at each study site 

ii. Enhanced intensive monitoring: FBG and clinical review at baseline, 2 

weeks, 4 weeks and then monthly until 12 months after TB treatment 

completion 

1.10 Conceptual framework 

The conceptual framework, Figure 1-5, illustrates the relationship between the various 

components of the PhD and how the inputs are utilized.



Chapter 1: Background 
 

 

5
4 

Figure 1-5: Conceptual framework for strategies to detect and treat people with concurrent tuberculosis and diabetes 

 
*Not being considered in thesis because randomised controlled trial is ongoing 
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1.11 Contribution of the candidate 

This PhD was conducted alongside the cross-sectional and longitudinal RCT studies of the 

TANDEM project. The health economics components of the TANDEM grant application 

were conceived by Dr Ulla Griffiths. I joined the project after the grant had been awarded 

by the European Commission, which is when I began to develop the health economics 

components for implementation under the guidance of Dr Griffiths. Prior to health 

economic data collection, I secured two additional grants that allowed me to work full-

time on the project to co-ordinate the health economics activities and which funded my 

field work. 

For the cross-sectional studies to assess bi-directional screening, I designed and analysed 

the cost data and undertook the cost data collection of the screening and diagnostic 

strategies, with some follow-up support for missing bits of data given by TANDEM team 

members in Indonesia and Romania. I designed and analysed the operational feasibility 

questionnaires. After piloting in Indonesia and Peru, the questionnaires were refined with 

additional input from TANDEM members in both countries. I administered the 

questionnaires in Indonesia, with an interpreter when needed. In Peru, the questionnaires 

were administered by TANDEM members. 

For the RCT data, I again designed and performed the cost analyses. I collected the 

provider treatment cost data for the intensive monitoring arm, but required substantial 

help in accessing resource and unit cost data from primary health centres in the standard 

care arm in Indonesia, for which I designed the data collection tools and then guided the 

data collection. This was done by a health economics collaborator from Universitas 

Padjadjaran, Bandung. With input from Dr Griffiths, I designed the patient costs 

questionnaire. I assessed various options for the quality of life outcome tools and selected 

the EuroQol EQ-5D-5L questionnaire and visual analogue scale. I analysed the quality of 

life data for Indonesia, Peru and Romania. I also designed the socio-economic status data 

collection tools based on the World Bank questionnaires for low- and middle-income 

countries. I analysed the socio-economic status indices for each country. The patient 



Chapter 1: Background 
 

56 

costs, quality of life and socio-economic status questionnaires were included in the 

electronic case report forms and collected by health professionals in each country. 

I wrote all of the health economics sections of TANDEM reports and study manuscripts, 

under the supervision of Dr Griffiths.
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Chapter 2 Literature reviews 

Two systematic literature reviews were conducted that provided information for this PhD. 

The objective of this literature review chapter is to assess current research related to 

costing studies of screening for and treatment of TB. The first systematic literature review 

on TB treatment costs has already been published (Laurence et al., 2015). The second 

systematic literature review is on costs of TB diagnostics. I undertook these two reviews 

as part of projects other than TANDEM, but they are directly related to my thesis 

objectives. The purpose of the TB treatment cost review was to provide cost inputs for a 

cost-effectiveness analysis of new TB vaccines (Knight et al., 2014). The systematic review 

of TB diagnostic costs was part of a modelling exercise to assess the cost-effectiveness 

and feasibility of implementing the WHO’s framework on the global strategy and targets 

for TB control after 2015 (WHO, 2013b, Menzies et al., 2016). Though I initially planned to 

publish the diagnostic costs review, a systematic review of TB and HIV prevention, 

diagnosis, treatment and care is currently being updated by the Bill and Melinda Gates 

Foundation funded Global Health Cost Consortium(GHCC), with plans to publish the 

results and make the extracted data freely available in a unit cost repository (GHCC, 2017). 

As such, I have given my extracted data to GHCC, as well as advise on the selection, 

extraction and analysis processes and will be included in the publication of the TB 

diagnostic costs. 

Published costs for TB diagnosis and treatment in Indonesia and Romania are extracted 

and discussed in this chapter. No cost data for Peru are discussed here since no costings 

were performed in Peru during the TANDEM project. 
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2.1 TB treatment costs – a global systematic review 

Costs to health services and the patient of treating tuberculosis: a 

systematic literature review 

Preamble to Research Paper 1 

This aim of Research Paper 1 was to assess the cost of treating drug-susceptible (DS) and 

multidrug-resistant (MDR) TB, from the perspective of the provider, patient or both. The 

review identified 71 papers for DS, ten for MDR and nine for DS and MDR-TB. This 

represented 50 countries with DS-TB costs and 16 with MDR-TB costs. 

In addition to providing insight into the treatment cost data available for Indonesia and 

Romania, conducting the literature review also highlighted the structure of different TB 

treatment programmes, the methods being used to cost TB services, and approaches to 

reporting the cost and cost-effectiveness results.  
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Abstract 

Background 

Novel tuberculosis (TB) drugs and the need to treat drug resistant tuberculosis (DR-TB) 

are likely to bring about substantial transformations in TB treatment in coming years. An 

evidence base for cost and cost-effectiveness analyses of these developments is needed. 

Objective  

To perform a review of papers assessing provider as well as patient incurred costs of 

treating both drug susceptible (DS) and multidrug-resistant (MDR)-TB. 

Methods 

Five databases (EMBASE, Medline, National Health Service Economic Evaluation 

Database, Cost-Effectiveness Analysis Registry, and Latin American and Caribbean Health 

Services Literature) were searched for cost and economic evaluation full-text papers 

containing primary DS-TB and MDR-TB treatment cost data published in peer-reviewed 

journals between January 1990 and February 2015. There were no language restrictions. 

The search terms were a combination of “tuberculosis”, “multidrug-resistant 

tuberculosis”, “cost”, and “treatment”. In the selected papers, study methods and 

characteristics, quality indicators and costs were extracted into summary tables according 

to pre-defined criteria. Results were analysed according to country income groups and for 

provider costs, patient costs and productivity losses. All values were converted to 2014 

US$, so that studies could be compared. 

Results 

We selected 71 treatment cost papers on DS-TB only, 10 papers on MDR-TB only and nine 

papers that included both DS- and MDR-TB. These papers provided evidence on the costs 

of treating DS-TB and MDR-TB in 50 and 16 countries, respectively. In 31% of the papers 

only provider costs were included, in 26% only patient incurred costs, and in the remaining 

43% costs incurred by both were estimated. From the provider perspective, mean DS-TB 

treatment costs per patient were US$ 14,659 in high-income countries, US$ 840 in upper 
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middle-income, US$ 273 in lower middle-income, and US$ 258 in low-income countries, 

showing a strong positive correlation. The respective costs for treating MDR-TB were US$ 

83,365, US$ 5,284, US$ 6,313 and US$ 1,218. Costs incurred by patients when seeking 

treatment for DS-TB accounted for an additional 3% of the provider costs in HICs. A greater 

burden was seen in the other income groups, increasing the costs of DS-TB treatment by 

72% in UMICs, 60% in LICs and 31% in LMICs. When provider costs, patient costs and 

productivity losses were combined, productivity losses accounted for 16% in HICs, 29% in 

UMICs, 40% in LMICs and 38% in LICs.  

Conclusion 

There is limited cost data for MDR-TB treatment and the variation in delivery mechanisms 

as well as the rapidly evolving diagnosis and treatment regimens means that it is essential 

to increase the number of studies assessing the cost from both provider and patient 

perspectives. There is substantial evidence available on the costs of DS-TB treatment from 

all regions of the world. The patient incurred costs illustrate that the financial burden of 

illness is relatively greater for patients in poorer countries without universal health care 

coverage. 

 

Key Points for Decision Makers 

1. Drug-susceptible tuberculosis treatment cost data are available from the 

perspective of both providers and patients from various settings around the world. 

2. Multidrug-resistant tuberculosis treatment costs are not widely available, 

particularly not for middle- and low-income countries. 

3. Productivity losses were presented in 57% of the papers, for both drug susceptible 

and multidrug-resistant tuberculosis. There was however, wide variability in methods 

used, reflecting the lack of clear guidelines on the best instrument and methods for this 

estimation. 
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Introduction 

The post-2015 World Health Organisation (WHO) ‘End TB strategy 2016-2035’ has a vision 

of a ‘world free of TB (zero deaths, disease or suffering due to TB)’ and a goal of ‘ending 

the global TB epidemic’ by 2035, defined as an annual incidence of <10 cases per 100,000 

of population [1]. These targets are likely to require scaling-up of high quality drug 

sensitive (DS) TB and drug-resistant (DR) TB treatment, but may stretch the resource 

capacity of national TB programmes far beyond any previous efforts. Country and context 

specific economic evaluations and budget impact analyses are essential for decision-

making, but it can be expensive and labour intensive to obtain timely cost data. 

Assembling a repository of quality assessed DS-TB and multidrug-resistant (MDR)-TB 

treatment costs can facilitate these processes, and identify gaps for future targeted cost 

data collection. 

There have been earlier reviews of TB treatment costs, but these are either incomplete or 

no longer up to date. We identified eight previous reviews on TB treatment costs. In 1997, 

Fryatt reviewed cost-effectiveness papers of TB treatment programmes [2], in 2004 

Russell reviewed the economic burden of households due to TB [3], and in 2011 Verdier 

et al. reviewed economic evaluations of TB control in high-income countries [4]. Three 

reviews were published in 2012; two on patient incurred TB treatment costs in sub-

Saharan Africa [5, 6] and one on MDR-TB treatment costs [7]. In 2013, Diel published a 

review for determining the costs of TB in the European Union [8], and in 2014 Tanimura 

and colleagues reviewed papers on patient costs in low- and middle-income countries [9]. 

This present review complements and synthesises the evidence provided in these 

previous reviews by including papers from all countries, assessing both DS-TB and MDR-

TB costs, and evaluating both provider and patient incurred costs. 

Methods 

Search strategy and data extraction  

Peer reviewed papers were eligible for inclusion if mean treatment cost estimates of DS-

TB or MDR-TB in adults were reported and based on primary data that originated from 
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1990 or later. Five databases were searched: EMBASE, Medline, National Health Service 

Economic Evaluation Database, Cost-effectiveness analysis Registry, and Latin American 

and Caribbean Health Sciences Literature. An initial search was done in April 2013 and 

then updated in February 2015. Therefore, the search period was from January 1990 until 

February 2015. Search terms were a combination of “tuberculosis”, “multidrug-resistant 

tuberculosis”, “cost”, and “treatment”. The full search strategies are included in Appendix 

A. No language restrictions were applied in the search. To assess relevance, abstracts or 

papers in Spanish were translated by the authors, and abstracts obtained in French, 

Hungarian and Russian were translated using electronic translation software (Google 

Translate) [10]. Reference lists of identified reviews were checked for papers that may 

have been missed by the database search and references cited in retrieved papers were 

also examined.  

Data extraction was independently conducted by two authors. Any discrepancies were 

resolved by re-evaluation of the paper in question. A data extraction sheet was used, 

whose composition was informed by the data extraction guidelines for economic 

evaluations in the Centre for Reviews and Dissemination’s guidance for undertaking 

reviews in health care [11] and the Cochrane Handbook for Systematic Reviews of 

Interventions [12]. Variables included were on the characteristics of the study, as well as 

provider and patient incurred costs. The outcome measure was mean treatment costs per 

patient. For each paper, all cost items reported, such as drugs, hospitalisation, diagnostic 

tests and productivity loss, were extracted separately and, where relevant, divided into 

patient incurred and provider costs. Patient incurred costs were further divided into direct 

costs and productivity losses. Direct patient costs were defined as expenses paid by 

patients for receiving treatment, such as user fees for health facilities or monitoring or 

diagnostic tests, drug expenditures, transportation and other costs, which included food, 

non-TB drugs, traditional medicine, room and board for patients not resident near the TB 

treatment facility. Moreover, if costs were aggregated, this total was included in the 

‘Other’ category. Productivity losses were defined as the value of paid and unpaid 

production loss due to time seeking treatment, being ill, or because of premature 

mortality [13]. 
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Given that our aim was to provide a dataset that best informs the estimation of current 

TB treatment costs, in papers that compared the costs of more than one treatment 

delivery strategy, for instance directly-observed treatment (DOT) versus self-administered 

treatment (SAT) [14], we selected the intervention we considered to best reflect the 

current standard practice in the respective country. This was determined from the paper 

or, if not stated, by consulting with TB experts familiar with the respective countries. 

Data analysis  

Costs were converted to 2014 values in the local currency and then to US$ using the 

International Monetary Fund’s average consumer price indices and OANDA’s average 

annual exchange rates [15, 16]. For papers where the year of cost data was not given, we 

used the year prior to the publication date. 

Results were presented according to 2013 World Bank country income groups. High-

income countries (HICs) were classified as those with per capita Gross National Income 

(GNI) above US$ 12,746, upper middle-income countries (UMICs) between US$ 4,125 and 

US$ 12,746, lower middle-income countries (LMICs) between US$ 1,045 and US$ 4,125, 

and low-income countries (LICs) were those with GNI per capita less than US$ 1,045 [17].  

The relationship between provider costs and country GNI per capita was assessed using 

Pearson’s correlation coefficient. 

Study quality assessment 

Quality assessment focused on methods for estimating and reporting costs; methods used 

for determining health effects as part of cost-effectiveness studies were not evaluated. 

Quality appraisal was based on two guidelines; the Consolidated Health Economic 

Evaluation Reporting Standards (CHEERS) statement [18] and The Tool to Estimate 

Patient’s Costs published by the TB Coalition for Technical Assistance (TBCTA) [19]. Four 

requirements of the CHEERS statement were used: (i) sources used for resource quantities 

and unit costs clearly described, (ii) dates of estimated resource quantities and unit costs 

reported, (iii) methods for adjusting unit costs to the reporting year and performing 
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currency conversion explained, and (iv) mean values for main categories of estimated 

costs reported [18]. For papers that included patient costs, quality was further evaluated 

using two requirements of the TBCTA tool: (i) clear description of patient interview 

procedures given and (ii) methods used for valuing productivity losses explained and 

justified [19]. Additional quality indicators abstracted from all papers were the number of 

patients included in the study sample in order to provide some indications of 

representativeness [20, 21]. We also extracted whether any measures of dispersion, such 

as standard deviation (SD), around the mean cost values were given or not [22]. The 

review protocol was not registered in any systematic review database or registry. Two 

authors independently assessed paper quality, with disagreements resolved through 

discussion. 

Results 

Paper selection 

The search identified a total of 4,899 papers and 289 papers were included for full text 

review, after which 199 papers were excluded (Figure 1). Forty-two of the excluded papers 

presented costs of TB screening in schools or in high-risk individuals, such as immigrants, 

health care workers, people with HIV or the elderly. Twenty-eight papers had insufficient 

reporting, including only presenting selected cost items or providing costs of a national TB 

programme without mean treatment costs per patient. Eleven papers were excluded 

because the same primary data were used in an already included paper. Ninety papers 

were included in the analysis; 71 were on DS-TB treatment costs only, nine on MDR-TB 

only and 10 included the costs of both.  
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Figure 2-1: Literature review flow chart 
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Study characteristics 
For DS-TB and MDR-TB, 50 and 16 countries were represented, respectively (Table 1). In 

this review we distinguished between paper and study to illustrate where a paper 

included cost values for two or more countries, which would thereby represent two or 

more studies in one paper. Therefore, a total of 95 studies were represented in this 

review. The oldest paper was from 1995; there were six papers from 2014 and one from 

2015, as of the February 2015 search. Country income groups were relatively evenly 

represented; 28% of the papers were from HICs, 32% from UMICs, 19% from LMICs, and 

21% from LICs.  

In 51 papers, only one type of TB treatment management was evaluated (for example 

ambulatory DOT), while in the remaining 39 papers two or more strategies were 

compared in either a cost-comparison or a cost-effectiveness analysis.   

In 31% of the papers only provider costs were included, in 26% only costs incurred by 

patients, and in the remaining 43% both provider and patient costs were evaluated (Table 

1). This varied according to country income group. While a provider only perspective was 

taken in 15 and 11 of the HIC and UMIC papers (60% and 38%, respectively), only one 

LMIC paper (6%) and one LIC paper (5%) included provider costs only. Productivity losses 

were included in 81% of the papers that measured patient incurred costs.
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Table 2-1: Summary of treatment cost papers included in review 

First author Year Country Interventions evaluated in study Provider 
costs 

included 

Direct 
patient costs 

included 

Productivity 
losses 

included 

HICs (n=25)       

Burman (Burman et al., 1997)** 1997 USA DOT vs. self-administered therapy X  X 

Palmer (Palmer et al., 1998) 1998 USA Universal vs. partial DOT X   

Migliori (Migliori et al., 1998) 1998 Russia New vs. old treatment strategies X   

Migliori (Migliori et al., 1999) 1998 Italy DOT vs. DOT with staff incentives X  X 

Marchand (Marchand et al., 1999) 1999 Canada Hospitalised treatment of elderly X   

Weis (Weis et al., 1999) 1999 USA DOT vs. traditional therapy X   

Wurtz (Wurtz and White, 1999) 1999 USA Traditional therapy X   

White (White and Moore-Gillon, 2000)** 2000 UK Hospitalised treatment X   

MacIntyre (MacIntyre et al., 2001) 2001 Australia In-patient vs. out-patient therapy X   

Jacobs (Jacobs et al., 2002) 2002 Russia DOTS vs. traditional treatment X X X 

Rajbhandary (Rajbhandary et al., 2004)* 2004 USA MDR-TB  X  X 

Atun (Atun et al., 2006) 2006 Russia TB control system X   

Kang (Kang et al., 2006)* 2006 South Korea MDR-TB  X X X 

Bocchino (Bocchino et al., 2006) 2006 Italy Integrated in- and outpatient X   

Burns (Burns and Harrison, 2007) 2007 New Zealand DOT in non-resident population X   

Kik (Kik et al., 2009) 2009 Netherlands Household costs of immigrants  X X 

Miller (Miller et al., 2010) 2010 USA Total TB costs in a Texas county  X  X 

Montes-Santiago (Montes-Santiago et al., 2010) 2010 Spain Hospitalisation only X   
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First author Year Country Interventions evaluated in study Provider 
costs 

included 

Direct 
patient costs 

included 

Productivity 
losses 

included 
Tu (Tu et al., 2011a) 2011 Taiwan Comparison of diagnostic methods X   

Eralp (Eralp et al., 2012) 2012 UK Screening, diagnosis and treatment X   

Diel (Diel et al., 2012)** 2012 Germany Hospital and outpatient X  X 

Floyd (Floyd et al., 2012)* 2012 Estonia, Russia Traditional vs. WHO approach X   

Miller (Miller et al., 2013)** 2013 Latvia DOTS and MDR-TB X   

Marks (Marks et al., 2014)* 2014 USA Hospitalisation X  X 

Diel (Diel et al., 2014)* 2014 Germany WHO guidelines X  X 

UMICs (n=29)       

Masobe (Masobe et al., 1995) 1995 South Africa Isoniazid prophylactic therapy X   

Wilkinson (Wilkinson et al., 1997)  1997 South Africa DOT vs. traditional treatment X X X 

Sawert (Sawert et al., 1997) 1997 Thailand TB programme improvements X  X 

Dick (Dick and Henchie, 1998) 1998 South Africa TB programme in Cape Town X   

Xu (Xu et al., 2000)** 2000 China DOTS vs. traditional treatment X   

Suarez (Suarez et al., 2002)* 2002 Peru MDR-TB 2nd line drug treatment X   

Kamolratanakul (Kamolratanakul et al., 2002)** 2002 Thailand Comparison of delivery centres X   

Moalosi (Moalosi et al., 2003) 2003 Botswana Home-based vs. hospital DOT X X X 

Ruiz (Ruiz, 2003) 2003 Mexico National costs X   

Costa (Costa et al., 2005)** 2005 Brazil Treatment in Salvador state X X X 

Sinanovic (Sinanovic and Kumaranayake, 2006) 2006 South Africa Public-private partnership model X   

Peralta Perez (Peralta Perez et al., 2006) 2006 Cuba DOTS X   

Jackson (Jackson et al., 2006b) 2006 China Household costs  X X 
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First author Year Country Interventions evaluated in study Provider 
costs 

included 

Direct 
patient costs 

included 

Productivity 
losses 

included 
Liu (Liu et al., 2007) 2007 China Household costs  X  

Elamin (Elamin et al., 2008) 2008 Malaysia Costs in Penang state X X X 

Cusmano (Cusmano et al., 2009) 2009 Argentina DOTS X X X 

Guzman-Montes (Guzman-Montes, 2009) 2009 Mexico Household costs  X X 

Fairall (Fairall et al., 2010) 2010 South Africa Educational outreach services X X  

Rouzier (Rouzier et al., 2010)** 2010 Ecuador Household costs  X X 

Steffen (Steffen et al., 2010) 2010 Brazil DOTS vs. non-DOTS X X X 

Prado (Prado et al., 2011) 2011 Brazil Guardians vs. heath workers  X X X 

Samandari (Samandari et al., 2011)** 2011 Botswana DOTS for DS-TB and MDR-TB X   

Nieto (Nieto et al., 2012a) 2012 Colombia Increased guardian supervision X X  

Schnippel (Schnippel et al., 2013b)* 2013 South Africa Hospitalised management  X   

Pooran (Pooran et al., 2013)* 2013 South Africa MDR-TB  X   

Zou (Zou et al., 2013) 2013 China DOTS incentives vs. no incentive X X X 

Pan (Pan et al., 2013) 2013 China DOTS  X X 

Wei (Wei et al., 2014) 2014 China DOTS  X  

Foster (Foster et al., 2015) 2015 South Africa DOTS  X X 

LMICs (n=17)       

Rajeswari (Rajeswari et al., 1999) 1999 India Household costs  X X 

Khan (Khan et al., 2002) 2002 Pakistan Health worker vs. family  X X X 

Vassall (Vassall et al., 2002) 2002 Egypt, Syria DOTS vs. previous strategies X X X 

Nganda (Nganda et al., 2003) 2003 Kenya Increased community involvement X X X 
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First author Year Country Interventions evaluated in study Provider 
costs 

included 

Direct 
patient costs 

included 

Productivity 
losses 

included 
Peabody (Peabody et al., 2005a) 2005 Philippines Economic burden of TB X X  

Tupasi (Tupasi et al., 2006)* 2006 Philippines DOTS-Plus MDR-TB  X X  

Floyd (Floyd et al., 2006) 2006 India Public-private mix DOTS X X X 

El-Sony (El-Sony, 2006) 2006 Sudan Comparison of HIV+ and HIV- X   

Aspler (Aspler et al., 2008) 2008 Zambia Household costs  X X 

Muniyandi (Muniyandi et al., 2008) 2008 India DOTS vs. non-DOTS   X X 

Pantoja (Pantoja et al., 2009a) 2009 India Public-private mix DOTS X X X 

John (John et al., 2009b) 2009 India DOTS  X X 

Vassall (Vassall et al., 2009) 2009 Ukraine DOTS implementation X X  

Mahendradhata (Mahendradhata et al., 2010) 2010 Indonesia Private practitioner referral X X X 

Mauch (Mauch et al., 2011) 2011 Kenya Household costs  X X 

Umar (Umar et al., 2012) 2012 Nigeria Household costs  X  

Mauch (Mauch et al., 2013) 2013 Dom. Republic§, 

Ghana, Vietnam 

Household costs  X X 

LICs (n=19)       

Saunderson (Saunderson, 1995) 1995 Uganda Hospital vs. ambulatory care X X X 

Maponga (Maponga, 1996) 1996 Zimbabwe TB/HIV co-epidemic X   

Gibson (Gibson et al., 1998a) 1998 Sierra Leone Household costs  X  

Wyss (Wyss et al., 2001) 2001 Tanzania Household costs  X X 

Islam (Islam et al., 2002) 2001 Bangladesh CHW vs. no CHW X X X 

Floyd (Floyd et al., 2003) 2003 Malawi Increased community involvement X X X 
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First author Year Country Interventions evaluated in study Provider 
costs 

included 

Direct 
patient costs 

included 

Productivity 
losses 

included 
Okello (Okello et al., 2003) 2003 Uganda Increased community involvement X X X 

Wandwalo (Wandwalo et al., 2005) 2005 Tanzania Community vs. health facility  X X X 

Jacquet (Jacquet et al., 2006) 2006 Haiti DOTS expansion X X X 

Karki (Karki et al., 2007) 2007 Nepal Public-private partnership  X X X 

Mirzoev (Mirzoev et al., 2008a) 2008 Nepal Community vs. family observation X X X 

Aye (Aye et al., 2010) 2010 Tajikistan Household costs  X X 

Datiko (Datiko and Lindtjorn, 2010) 2010 Ethiopia Health extension workers X X X 

Vassall (Vassall et al., 2010) 2010 Ethiopia Collaborative TB-HIV  X X 

Pichenda (Pichenda et al., 2012)** 2012 Cambodia Early diagnosis and non-hospital  X X X 

Laokri (Laokri et al., 2013) 2013 Burkina Faso Household costs  X  

Yitayal (Yitayal et al., 2014) 2014 Ethiopia DOTS  X X 

Laokri (Laokri et al., 2014) 2014 Benin DOTS  X  

Gospodarevskaya (Gospodarevskaya et al., 2014) 2014 Bangladesh, Tanzania DOT female community worker; DOT family  X X 

* MDR-TB costs only, **Both DS-TB and MDR-TB costs 
§ Dominican Republic is an upper-middle income country 

HIC: High-income countries, UMIC: Upper-middle income countries, LMIC: Lower-middle income countries, LIC: Low-income countries, DOT: Directly Observed Treatment, 

DOTS: Directly Observed Treatment, short course, UK: United Kingdom, CHW: Community health worker
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Quality assessment 

Quality assessment of individual papers is included in Appendix B and Appendix C. A 

summary according to country income group is seen in Table 2-2.  

Data collection methods 

The year of cost data and the main cost categories were adequately reported in 77% of 

papers (Table 2-2). In 79 of the 90 papers, cost data were collected from a sample of 

patients. The mean sample size across these studies were 324 patients (SD = 532), ranging 

from nine in a MDR-TB study from the United Kingdom to 3,510 patients in a German cost 

of illness study [23, 24]. However, in spite of relatively large sample sizes in many studies, 

only 30% presented descriptive statistics showing the spread around the mean cost 

values. 

In 10 of the remaining 11 studies, costs were determined by making assumptions about 

resources needed to treat TB according to national guidelines. In a South African study by 

Pooran et al., it was for instance assumed that all DS-TB patients received drugs for six 

months and MDR-TB patients for 24 months, as this was the length of a full recommended 

treatment course [25]. In the one study of the 12 that did not follow this approach, annual 

costs of primary health clinics in a specific area of South Africa were estimated and costs 

of TB treatment were determined by weighing total costs by the proportion of patients 

presenting due to TB [26].     

Provider costs 

The ingredient approach, which entails determining resource quantities and unit costs 

separately, is generally viewed as the most robust and transparent method for provider 

cost estimation [27]. This approach was transparently used in 54 of the 67 studies that 

included provider costs. While the method may also have been partly used in the 

remaining 13 studies, techniques were not clearly described and resource quantities and 

unit costs were not separately presented in these papers.  
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Table 2-2: Quality assessment: Percent of papers* 
 

Mean 
number of 

patients 
in study 

sample** 

Ingredient 
approach 
used for 
provider 

costs 

Resource 
use and 

unit costs 
clearly 

described 

Year of 
cost data 
reported 

Main cost 
categories 

clearly 
separated 

Descriptive 
statistics 

presented 

Patient 
interviews 

Methods for 
valuing 

productivity 
loss clearly 
explained 

Sources for 
productivity 

losses 
assumptions 

justified 

Papers with provider costs only (n=28)   

HIC (n=15) 307 73% 60% 80% 73% 20% 
NA 

NA NA 

UMIC (n=11) 384 100% 73% 91% 82% 9% 
NA 

NA NA 

LMIC (n=1) 1,797 0% 0% 0% 100% 0% 
NA 

NA NA 

LIC (n=1) 300 100% 0% 100% 0% 0% 
NA 

NA NA 

Papers with patient costs included (n=62)   

HIC (n=10) 
475 89% 82% 82% 82% 45% 18% 82% 64% 

UMIC (n=18) 
305 91% 78% 61% 83% 22% 94% 61% 56% 

LMIC (n=16) 
345 63% 94% 88% 81% 50% 94% 69% 50% 

LIC (n=18) 
154 73% 78% 78% 89% 33% 100% 56% 44% 

All papers 
324 81% 76% 77% 80% 30% 83% 65% 52% 

*These results are shown for each study in Appendix B and Appendix C  

**Among the studies with patient-level data 

HIC: High-income countries, UMIC: Upper-middle income countries, LMIC: Lower-middle income countries, LIC: Low-income countries, NA: not applicable 
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Patient incurred costs 

Patient interviews were conducted in 52 of the 62 studies that included a patient 

perspective. The mean sample size was 298 (SD = 527) patient interviews, ranging from 

13 patients in a US study to 3,510 in the German cost of illness study [24, 28]. Patient 

interviews were more common in low- and middle-income countries than in HICs. While 

10 studies from HICs included patient incurred costs, interviews were only conducted in 

two of these, which were a study from Holland assessing costs among immigrant TB 

patients and an economic evaluation of the Russian TB treatment scheme and short-

course chemotherapy [29, 30]. In the other eight studies, productivity losses (and 

transport costs in a study from South Korea [31]) were the only type of patient costs 

included and these were estimated without data from interviews.  

Methods used for estimating productivity losses varied in six different ways in the 51 

papers that included these: (i) Patients were interviewed about their loss of income 

(n=15). (ii) Patients were interviewed about productive time lost and on their income 

before falling ill. Productivity losses were then calculated by multiplying mean income 

across the patient sample with reported time loss (n=12). (iii) Patients were interviewed 

about productive time lost, which was multiplied by an official wage rate (n=11). (iv) 

Assumptions were made about the length of time patients were not able to work, which 

was valued using an official wage rate (n=7), (v) A value was placed on death based on 

average life time income or GNI per capita, which was multiplied by estimated life years 

lost (n=4) and (vi) methods were not clear (n=2). Across the 51 studies, only 65% clearly 

explained the methods used for productivity losses and 52% justified the sources used for 

these estimates. 

Mean costs per patient 

Mean provider and patient incurred costs per patient are summarised in Table 2-3 and 

Table 2-4 according to country income groups. These data are presented for each study in 

Appendix D-Appendix G. 
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Table 2-3: Mean drug-sensitive and multidrug-resistant TB provider treatment costs according to country income group, 2014 US$ (n)* 

Income group Hospitalisation 
Outpatient 

visits 
Drugs 

Diagnostic and 

monitoring 

tests 

Other** Total*** 

 

 

SDδ  

DS-TB 

HIC (n=19) 11,283 (8) 1,471 (5) 1,392 (6) 961 (7) 3,413 (5) 14,659 (19) 13,594 

UMIC (n=19) 380 (5) 218 (10) 107 (14) 69 (11) 386 (9) 840 (19) 1,105 

LMIC (n=10) 215 (4) 75 (6) 39 (6) 48 (8) 25 (5) 273 (10) 212 

LIC (n=11) 128 (2) 61 (5) 49 (8) 19 (3) 50 (8) 258 (11) 352 

All income groups (papers = 58 α) 4,909 (19) 396 (26) 329 (32) 453 (26) 744 (27) 6,667 (59) 10,105 

Proportion, % 73.6 5.9 4.6 4.1 11.7 99.9  

MDR-TB 

HIC (n=10) 53,078 (10) 18,720 (7) 19,887 (8) 1,201 (6) 1,841 (3) 83,365 (10) 64,825 

UMIC (n=7) 6,056 (2) 622 (3) 2,052 (6) 350 (5) 823 (5) 5,284 (7) 3,420 

LMIC (n=1) 207 (1) 218 (1) 2,930 (1) 397 (1) 2,567 (1) 6,313 (1) NA 

LIC (n=1) --- --- --- --- --- 1,218 (1) NA 

All income groups (papers = 18 β) 41,776 (13) 12,102 (11) 11,623 (15) 779 (12) 1,356 (9) 46,219 (19) 61,027 

Proportion, % 61.8 17.9 17.2 1.2 2.0 100.1  

(n): Number of studies 

*These are shown for each study in Appendix D - Appendix G  

**Other provider costs include start-up costs, treatment supervision, staff salary and training, advocacy, adverse effects, contact tracing, supplies and transportation; or in some 
papers, where costs were not disaggregated, the total treatment costs to the provider, including supervision, training, supplies and drugs 
***Total ≠ sum of categories because some papers did not itemise costs and only reported total costs 
αVassall (2002) presented two LMIC studies (Egypt and Syria) in one paper 
βFloyd (2012) presented two HIC studies (Estonia and Russia) in one paper 
δSD: Standard deviation for total mean provider treatment costs 
---: Cost not itemised 
NA: Not applicable 
HIC: High-income countries, UMIC: Upper-middle income countries, LMIC: Lower-middle income countries, LIC: Low-income countries 
TB: Tuberculosis, DS: Drug susceptible, MDR: Multidrug-resistant  
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Table 2-4: Mean drug-sensitive and multidrug-resistant TB direct patient costs and productivity losses according to country income group, 2014 
US$ (n)* 

Income group 
Clinic visits 

and clinical 

tests user fees 

Drugs Transport Other** 
Total direct 

costs *** 

 

SDδ 
Productivity 

losses 

 

SDε 

 DS-TB 

HIC (n=6) 107 (1) --- 260 (1) 379 (1) 373 (2) 106 2,801 (6) 2,018 

UMIC (n=19) 221 (9) 62 (4) 120 (13) 491 (12) 603 (18) 868 600 (12) 847 

LMIC (n=17) 55 (9) 21 (7) 9 (4) 47 (10) 84 (17) 90 238 (11) 320 

LIC (n=19) 49 (13) 38 (5) 45 (10) 96 (16) 155 (19) 164 248 (14) 266 

All income groups (papers = 53 α βγ) 101 (32) 36 (16) 82 (28) 212 (39) 432 (36) 544 700 (43) 1,229 

Proportion, % 23.3 8.5 19.1 49.1 100.0     

 MDR-TB 

HIC (n=5) NI NI 21 (1) NI 21 (1) NA 49,204 (5) 51,216 

UMIC (n=2) 12 (2) --- 178 (2) 470 (2) 660 (2) 394 3,532 (2) 4,578 

LMIC (n=1) 909 (1) --- --- 707 (1) 1,616 (1) NA NI NA 

LIC (n=1) 103 (1) --- 18 (1) 285 (1) 406 (1) NA 1,256 (1) NA 

All income groups (papers = 9) 259 (4) --- 99 (4) 483 (4) 672 (5) 621 28,260 (8) 45,605 

Proportion, % 30.8 0.0 11.7 57.4 99.9     

(n): Number of studies 
*These are shown for each paper in Appendix D - Appendix G 
**Other patient costs typically include direct medical costs (non-TB drugs, hospitalisation) and direct non-medical costs (food, drink, vitamins, traditional medicine, and 
accommodation); or in some papers, where costs were not disaggregated, the total costs during pre-diagnosis, diagnosis, intensive treatment and continuation treatment phases 
***Total ≠ sum of categories because some papers did not itemise costs and only reported total costs 
α Mauch (2013) presented one UMIC study (Dominican Republic) and two LMIC studies (Ghana and Vietnam) in one paper 
β Vassall (2002) presented two LMIC studies (Egypt and Syria) in one paper 
γ Gospodarevskya (2014) presented two LIC studies (Bangladesh and Tanzania) in one paper 
δ SD: Standard deviation for total mean patient costs 
ε SD: Standard deviation for mean productivity losses 
---: Cost not itemised 
NI: Cost not included; NA: Not applicable 
HIC: High-income countries, UMIC: Upper-middle income countries, LMIC: Lower-middle income countries, LIC: Low-income countries, TB: Tuberculosis, DS: Drug susceptible, 
MDR: Multidrug-resistant
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DS-TB provider costs 

DS-TB provider costs were positively correlated with GNI per capita (r=0.73, p<0.001). A 

scatterplot illustrates the relationship (Figure 2-2). Mean DS-TB treatment costs per 

patient were 57 times higher in HICs (US$ 14,659 [SD = US$ 13,594]) than in LICs (US$ 258 

[SD = US$ 352]). There is a high degree of variability of income group cost values, with the 

SD being almost as large as the mean provider costs in HICs and larger for LICs. 

Hospitalisation and outpatient care 

Across all 59 studies, hospitalisation accounted for 74% of all DS-TB provider costs (Table 

3). Hospitalisation accounted for 63% in HICs (US$ 11,283), 51% in LMICs (US$ 215) and 

LICs (US$ 128), but only 12% in UMICs (US$ 380). However, within the income groups, the 

proportion of hospitalisation costs varied widely between studies, with 2% for an 

unreported number of hospital days in a public-private sector implementation scenario in 

India to 81% in a study on DOT in Texas, USA with 23 hospital days [32, 33]. Among LMICs, 

India consistently had the lowest costs for hospitalisation, as well as the other cost 

categories [32, 34]. In LMIC costs, Ukraine had the highest hospitalisation and outpatient 

costs, at approximately twice the average income group costs [35]. Only two of the 11 LIC 

studies reported hospitalisation costs, with US$ 75 (60%) in Malawi [36], and US$ 181 

(50%) in Uganda [37].  

Mean outpatient treatment costs were 12 times less than hospitalisation costs and 

comprised only 6% of total costs. However, the importance of outpatient costs varied 

substantially among country income groups. In HICs, only five out of 19 studies reported 

any outpatient costs [24, 38-41]. Of the 10 UMIC studies that reported these costs, 

Argentina and South Africa had the lowest values of around US$ 20 per patient [42-44] 

and Botswana the highest of US$ 658 per patient [45]. Egypt was an outlier among the 

LMICs, reporting outpatient costs of US$ 187 [46], which was 15 to 25 times more than in 

Pakistan (US$ 11) and India (US$ 6) [32, 47]. In LICs, five studies reported outpatient costs, 

with a mean of US$ 61.  
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Figure 2-2: Mean TB provider treatment costs per patient (2014 US$) according to GNI 
per capita (2013 US$) 

 

 

Drugs 

Costs of DS-TB drugs were on average 5% of total costs, but varied widely between 

settings, from a mean of US$ 49 across LICs to US$ 1,392 in HICs. Within the HICs, drug 

costs were US$ 311 in a US study [38], US$ 654 in another US study [33], and as much as 

US$ 4,055 for an unstated combination of DS-TB and MDR-TB drugs in Italy [48]. Within 

this group of countries it is difficult to discern whether drug costs have decreased or 

increased over time as only six of the 19 studies presented disaggregated drug costs. In 

upper middle-income South Africa, drug costs appear to have decreased from US$ 46 in 

1994 [49] to US$ 3 in 2003 [42]. In LMICs and LICs, drug costs were lowest in India at 

approximately US$ 15 between 2002 and 2005 and highest at US$ 166 in Uganda in 1992 

[32, 34, 50]. Without these outliers, mean drugs costs in LMICs and LICs were US$ 51 and 

US$ 33, respectively, with data from between 1992 and 2007. 
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Diagnostics and monitoring tests 

Unlike the costs of drugs and hospitalisation, mean costs per patient for diagnostics and 

monitoring tests were relatively similar across income groups. In the UK, costs of TB tests 

in a population of healthcare workers were US$ 157 [51]. In three US studies on urban 

DOT programmes by Miller et al., Burman et al. and Weis et al., costs per patient were 

reported as US$ 124, US$ 635 and US$ 1,505, respectively [33, 38, 52]. In the Miller et al. 

study only one acid-fast bacilli (AFB) smear and culture was included, while the other 

studies typically included at least two CXRs, four sputum cultures and one TST. Burman et 

al. additionally included five serum bilirubin tests and five aspartate aminotransferase 

tests [38]. Interferon-Gamma Release Assay was used instead of sputum culture in the UK 

study by Eralp et al. [51]. Although this review excluded latent TB, some studies presented 

aggregated costs for diagnosis of latent TB together with tests for diagnosis and 

monitoring of active TB, in which case the cost of the latent TB tests could not be excluded. 

Mean diagnostics and monitoring costs in UMICs were US$ 69, with Cuba being the only 

outlier at US$ 289 in 2002 [53]. A Sudanese study that compared the costs of managing 

HIV-positive and HIV-negative TB patients reported the largest monitoring costs within 

this income group at US$ 135 per patient [54]. 

MDR-TB provider costs 

Mean provider costs for MDR-TB treatment were US$ 83,365 (SD = US$ 64,835) for the 

ten included studies and far less for the seven UMICs, US$ 5,284 (SD = US$ 3,420). There 

was a large variation in costs for both groups; measures of spread were not available for 

the LMIC and LIC groups as there was only one study included in each of these categories. 

Hospitalisation and outpatient care 

MDR-TB hospitalisation represented the highest proportion of provider costs in HICs, 

contributing to 64% (Table 2-3). Even though patients were hospitalised for an average of 

192 days in Estonia, hospitalisation represented only 50% of total costs at US$ 8,007 [55]. 

In the US, Burman et al. reported hospitalisation costs four times higher than Rajbhandary 

et al. because the length of stay decreased from an average of 90 days in 1994 to 28 days 
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in 2000 (US$ 181,909 versus US$ 41,612) [28, 38]. The mean length of MDR-TB 

hospitalisation in the US in 2010, as reported by (Marks et al.), remained 28 days but the 

cost, US$ 87,619, more than doubled Rajbhandary et al.’s 2000 value [56]. 

In Russia, hospitalisation and outpatient care comprised 37% and 3%, respectively, if 

treatment is delivered according to WHO guidelines [55]. This Russian study reported an 

average of 321 days in hospital, costing US$ 6,493, which was the second lowest value in 

the HIC group. In South Korea, hospitalisation costs the least per patient (US$ 3,521) but 

the length of stay was only eight days, by far the shortest stay for any HIC or UMIC [31].  

In South Africa, Schnippel et al. reported a mean hospitalisation period of 105 days, 

contrasting greatly with Pooran et al. who estimated costs according to prevailing 

guidelines, which recommended complete outpatient care for smear negative MDR-TB 

patients [25, 57]. Pooran et al. estimated that surgery, which we presented as a hospital 

cost, amounted to US$ 97 (2%) per patient, while outpatient visits totalled US$ 712 (17%). 

Schnippel et al. reported no outpatient costs, but hospitalisation accounted for 95% of 

total MDR-TB costs (US$ 12,666). Both treatment scenarios are present in South Africa, 

but only 10% of MDR-TB patients are thought to require hospitalisation [25].   

Only the Philippines were represented in the LMIC group. In a DOT short-course plus pilot 

programme, hospitalisation for seven days amounted to 3% and outpatient visits to 4% of 

total costs [58]. In the LIC group there was no disaggregated data for the one country 

represented, Cambodia, but the total MDR-TB cost was the lowest value of any country at 

US$ 1,218 [59].  

Drugs 

 In Estonia, 18 months of first- and second-line drugs amounted to half of hospitalisation 

costs (192 hospital days) [55] (Annex 5). In the 2004 US study by Rajbhandary et al., costs 

of drugs, tests and personnel were not separately reported, but in the 1997 US study by 

Burman et al. MDR-TB drug costs amounted to approximately US$ 12,000 per patient (6%) 

[28, 38]. 
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Diagnostic and monitoring tests 

Mean costs per MDR-TB patient for diagnostics and monitoring tests were US$ 779 (1%) 

across the 12 studies reporting this data. This accounted for less than 1% of total 

treatment costs in both the US and the UK [23, 38]. In the South Korea study, diagnostics 

and monitoring test amounted to 24% of total costs [31]. The costs reported in the UK was 

for drug monitoring only, while Estonia, Germany, South Korea and the US (Burman et al.) 

each included at least one drug susceptibility test, 13 sputum culture tests and a 

combination of audiograms (US), sputum smear tests (Estonia), x-rays, liver function and 

blood count tests. 

The mean costs of diagnostics and monitoring tests were US$ 350 in UMICs, ranging from 

US$ 82 in China to US$ 1,013 in South Africa [25, 60]. With the exception of the South 

African study by Schnippel et al., all studies reported at least eight sputum smear tests. 

Costs of sputum culture tests were included in all studies, with for instance three tests per 

patient during 24 months in Thailand and 18 tests per patient during 18 months in Peru 

[61, 62]. Costs of at least four CXRs per patient were included in all UMIC studies, except 

in South Africa where only one CXR was included and all patients were hospitalised during 

the intensive phase of treatment [57]. Drug-susceptibility tests were reported in Thailand 

and in the two studies from South Africa [25, 57, 61]. In the only LMIC, the Philippines, 

costs of 34 smear tests, 27 culture tests, two drug-susceptibility tests and three x-rays 

were estimated at US$ 397 per patient, equivalent to 6% of total costs [58]. 

DS-TB patient costs 

Across all 61 studies, in 57 papers, mean direct costs incurred by patients was US$ 432 (SD 

= US$ 544), ranging from US$ 4 in Egypt to US$ 3,525 in China (Table 2-4) [46, 63]. 

Approximately half of patient costs, the highest proportion, was recorded in the “other” 

category, which mainly consisted of non-TB drugs and food while hospitalised, or 

aggregated direct (medical and/or non-medical) patient costs. User fees comprised 23%, 

drugs 9%, and transportation 19% of total costs. In contrast to provider costs, there was 

no clear relationship between patient incurred costs and GNI per capita. UMIC studies 
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reported the highest mean patient costs (US$ 603), followed by two HIC studies (US$ 373), 

LICs (US$ 155), and LMICs (US$ 84).  

User fees 

The user fees category comprised cost incurred by patients for medical consultations or 

examinations when attending clinics or other health facilities during treatment, or to 

obtain diagnostic or monitoring tests. Mean user fees payments were similar in high-

income Netherlands and upper-middle income Botswana at around US$ 105. In the 

Netherlands user fees accounted for 22% of patient payments, but only 11% in Botswana 

[29, 45]. 

Patients in upper-middle income Mexico and low-income Haiti paid the highest user fees 

of US$ 344 and US$ 299, respectively [64, 65]. The greatest proportion of total direct costs 

spent on user fees were in India (80%), Kenya (69%), South Africa (68%) and Tanzania 

(66%) [34, 42, 66, 67]. In general, user fees appeared to constitute the greatest proportion 

of patient costs in LMICs and smallest in UMICs.  

Drugs 

No out-of-pocket payments were paid for drugs in HICs. Patients in Vietnam paid the least 

for drugs (US$ 1), followed by the Dominican Republic (US$ 5) [68]. Studies in Tajikistan 

and China reported the highest payments of US$ 126 and US$ 118, respectively [69, 70].  

In most LMICs drug expenses were around US$ 20, ranging between US$ 1 and US$ 63. 

Only five studies reported payments for drugs in LICs, ranging from US$ 4 in Ethiopia to 

US$ 126 in Tajikistan [69, 71]. 

Transportation 

The only HIC study that reported transportation costs was Russia, with US$ 260 [30]. 

Transportation costs in UMICs comprised 1% of direct costs in the Dominican Republic and 

as much as 85% in Malaysia [68, 72]. In LMICs, patients paid on average US$ 9, comprising 

between 2% and 28% of total direct costs. Ten of the 19 LIC studies reported 
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transportation costs, comprising 80% of direct costs in Bangladesh and between 22% and 

44% in Ethiopia, Tajikistan and Tanzania [67, 69, 71, 73-75]. 

Productivity losses 

Time lost due to seeking treatment and being ill with DS-TB was reported as 81 days in the 

Netherlands, 60 days in Thailand, 30 days in Italy, 25 days in the US, 14 days in Malaysia, 

and 50% disabled for two months in Haiti [29, 64, 72, 76, 77].  

DS-TB productivity losses increased with increasing GNI per capita, but amounts varied 

widely within country income groups (SD = US$ 1,229) with a mean loss of US$ 700 per 

patient for 43 studies. In HICs, values varied from US$ 450 in Russia to US$ 6,246 in Italy 

[30, 78]. In UMICs, the range was between US$ 46 in Argentina and US$ 3,048 in China 

[44, 63]. In LMICs, an Indonesian study reported productivity losses of US$ 12 per patient 

compared to US$ 996 in Vietnam [68, 79]. In LICs, costs were US$ 11 in Bangladesh versus 

US$ 775 Tajikistan [69, 73]. Studies from similar countries also showed quite different 

productivity loss estimates, such as US$ 11 and US$ 332 in Brazil [80, 81], US$ 52 and US$ 

636 in India [82, 83], US$ 9 and US$ 200 in Ethiopia [71, 84], and US$ 18 and US$ 825 in 

Tanzania [67, 85]. 

MDR-TB patient costs 

Mean direct costs incurred by MDR-TB patients were US$ 672 (SD = US$ 621) across five 

studies (Table 4). The “other” category constituted 57% of total costs, which included 

food, non-TB medication, follow-up tests and ventilation improvements to family homes. 

No patient costs were reported for MDR-TB drugs in any studies. 

User fees 

Similar to DS-TB user fees, MDR-TB user fees incurred by patients were for medical 

consultations or examinations at health facilities or to obtain diagnostic or monitoring 

tests. The mean MDR-TB user fees were US$ 259, which were almost three times higher 

than for DS-TB. The Philippines reported the highest user fees at US$ 909, comprising 56% 

of all direct MDR-TB patient costs [58]. The user fees in low-income Cambodia (US$ 103) 
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were around eight times more than in UMICs (US$ 4 – US$ 20) [59]. No user fees were 

reported in HICs.  

Transportation 

Mean transport costs incurred from receiving DS-TB treatment were US$ 99 across the 

four studies. The highest costs were reported in the two UMICs, Brazil and Ecuador, at 

US$ 90 and US$ 266, respectively [81, 86]. Studies from high-income South Korea and low-

income Cambodia each reported around US$ 20 per patient [31, 59]. 

Productivity losses 

Productivity loss amounted to US$ 28,260 per patient across the eight studies that 

included these values. As with DS-TB, productivity losses increased with income group, 

ranging from US$ 295 in Brazil to US$ 136,802 in the US and an overall SD of US$45,605 

[56, 81]. Only three studies, two from the US and one from Germany, clearly stated 

productive time lost for MDR-TB, which was six, 24 and eight months respectively [38, 56, 

87]. 

Discussion  

There is substantial variation in the cost of TB treatment globally, with lower income 

countries adopting comparatively low cost ambulatory methods of treatment delivery and 

benefitting from lower drug regimen prices than HICs. Provider costs are strongly 

correlated with GNI per capita. The cost of treating DS-TB from the provider perspective 

ranged from US$ 45 in Zimbabwe to US$ 57,559 in one of the US studies [88, 89]. Provider 

costs of MDR-TB treatment are substantially higher than those for DS-TB and varied from 

US$ 1,218 in Cambodia to US$ 204,876 in the US [38, 59]. It should be noted, that many 

MDR-TB patients are primarily infected with transmitted MDR-TB strains, and do not 

acquire the disease through misuse of their first line regimen, so on the individual level 

these are not always alternative treatments. At a population level however, the origins of 

MDR-TB lie in the misuse of TB drugs, and the improved delivery of first line treatment 

can potentially reduce the level of comparative high MDR-TB treatment costs [90, 91]. 
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We also observed substantial cost variation within country income level groups. In the 

case of DS-TB, very low comparative costs were observed in LIC and LMIC countries using 

community based models of care. While this suggests devolvement of TB treatment at the 

community level may be efficient, the cost of community provision of TB treatment is 

highly dependent on whether community workers are paid, and the valuation of their 

time. In the case of MDR-TB treatment, the variation in costs within country income level 

groups was also substantial. Lower cost treatment within groups was observed where 

primarily ambulatory models of care are adopted, with hospitalisation being a major 

driver of total cost. Across DS-TB treatment, there is a clear reduction in costs over time 

due to the extent of hospitalisation decreasing as countries moved towards ambulatory 

DOTS, although in countries such as Germany, Spain, the US and Latvia high hospitalisation 

costs were still reported between 2010 and 2013 [24, 41, 52, 65] (DS-TB patients were 

hospitalised for an average of 115 and 72 days in Latvia and the US, respectively). Care 

should therefore be taken when using costs from this review to estimate current costs for 

any one setting to ensure that the cost applied reflects the current mix of hospitalisation 

and ambulatory treatment. In particular, while the majority of MDR-TB treatment is 

currently provided in hospital, several countries are now piloting ambulatory models of 

care so these costs may fall in coming years.   

The costs of DS-TB drugs were reported in 34 studies. When compared with DS-TB 

treatment, drug costs remain a substantial component of MDR-TB treatment, and are 

particularly high in countries using individualised MDR-TB regimens and/or with high 

levels of extensively drug-resistant (XDR)-TB, or not accessing concessionary prices. In the 

Philippines, MDR-TB drugs comprised 46% of total provider costs in 2006 [58].  

While there has been substantial research on direct costs incurred by TB patients in low- 

and middle-income countries, these were only included in two HIC studies, possibly 

highlighting a lesser interest in the poverty impact of TB in countries with higher income 

levels and more comprehensive social protection and health insurance systems. 

Nevertheless, some patient costs were found. Kik et al. reported that immigrant DS-TB 

patients in Holland on average paid US$ 486 for receiving treatment [29]. In contrast, in 
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poorer countries there has been substantial attention to patient incurred costs. Although 

in many settings TB treatment is provided free, it incurs a high economic burden, either 

through out-of-pocket/direct payments (in some settings ‘under the counter’ payments), 

but also through substantial productivity loss. DS-TB direct patient costs were on average 

US$ 603 in UMICs, US$ 84 in LMICs and US$ 155 in LICs. The high values in LICs were noted 

by many studies to be catastrophic, and are primarily driven by costs captured in the 

‘Other’ category, which included out-of-pocket payments made by patients and their 

social networks for non-TB drugs, food and specialised diets, traditional healers, 

accommodation, among other costs. The respective direct patient costs for MDR-TB 

patients were US$ 660, US$ 1,616 and US$ 406. There was substantially less evidence on 

the patient cost of MDR-TB. The few studies found highlight the potential of MDR-TB to 

have a substantially higher catastrophic impact than DS-TB. More research is required in 

this area, in particular to better understand how these costs are incurred over time, and 

how patient cost is affected by different levels of hospitalisation.  

Well defined estimates of productivity losses were included in 81% of DS-TB papers and 

75% of MDR-TB papers. As a proportion of DS-TB patient costs, productivity losses 

comprised 96% in HICs, 68% in UMICs, 98% in LMICs and 74% in LICs. The methods used 

to estimate productivity loss vary widely, nevertheless it can be seen that this is an 

important component of the economic impact. Therefore, by excluding this cost, the 

majority of reported TB patient costs are under-estimating the impact of TB on patients 

substantially. The difference in methodological approaches taken also makes it 

challenging to draw general conclusions about the key drivers of patient incurred costs; 

and for analysts to use this review to extrapolate patient costs across settings or over 

time. It is therefore recommended that although the costs presented in this review 

provide some guidance, the measurement of setting specific costs that are comprehensive 

may still be required in economic analyses of TB control interventions for some time to 

come. 

We captured 90 papers in all income groups. The review of economic evaluations in TB 

control published by Verdier et al. in 2011 included 118 papers from high-income 
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countries only. This large volume was due to the inclusion of mathematical modelling 

papers and multiple papers using the same primary data [4]. For MDR-TB, 16 countries 

were included in our review, compared to only four countries captured by Fitzpatrick and 

Floyd in 2012 [7]. Quality assessment is crucial for systematic reviews, but only three of 

the previous reviews completed this [2, 4, 5].  Using the CHEERS and TBCTA guidelines, we 

identified several key methodological issues that suggest further standardisation is 

required in order to further develop a set of costs that can be used globally. First, even 

when the ingredient approach to costing was used, cost items were insufficiently 

separated in several studies, hindering the ability to observe cost drivers and analyse 

trends over time, such as drug costs. The lack of reporting of disaggregated costs was also 

an issue for patient incurred costs. Secondly, methods for calculating productivity losses 

were not clearly explained in more than a third of the studies that included these costs 

and disparate approaches were used between studies, which lead to widely different 

estimates within the same country. The lack of standard methods for identification, 

measurement and valuation of productivity losses have frequently been acknowledged in 

the wider literature on the measurement of costs, and minimum standardised approaches 

are urgently required to enable comparisons across settings, particularly in the light of the 

increased global attention on social protection [13]. Thirdly, even though cost data were 

collected from a relatively large number of patients, insufficient statistical analyses were 

undertaken in most studies. In addition to mean values, descriptive statistics, such as SD, 

minimum and maximum values must be presented and any outliers in the patient sample 

should be highlighted.    

Conclusion 

In summary, there is extensive literature on the costs of DS-TB treatment to both 

providers and patients. However, evidence is still scarce on the costs of treating MDR-TB, 

and how these costs may vary by mode of delivery and setting. MDR-TB treatment is 

rapidly evolving; a recent global guideline change recommends Xpert® MTB/RIF 

diagnostics, which is more sensitive and also detects rifampicin resistance, therefore 

identifying more cases. In addition, there has recently been substantial global investment 
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in further testing of existing MDR-TB drugs as well as development of new drugs. More 

data are urgently required to estimate the budgetary impact of these changes and to 

support economic evaluations of new MDR-TB control approaches. 
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2.2 TB diagnostic costs 

The costs of TB diagnostic tests are an important component in assessing the cost of TB 

control. A systematic literature review was conducted to provide background information 

for assessing the cost-effectiveness and feasibility of the WHO post-2015 TB control 

strategy and targets, using China, India and South Africa as case studies. This review was 

also instrumental in providing an understanding of the economic context of the bi-

directional screening in the TANDEM study and the issues associated with the various tests 

used to diagnose TB. The objective of this review was to obtain the costs related to the 

screening and diagnosis of TB. 

2.2.1 Methods 

Search strategy 

I conducted a systematic literature review of peer-reviewed papers with TB diagnostic 

costs for the period January 1990 to September 2015. The six databases searched were 

Pubmed, Embase, EconLit, Centre for Reviews and Dissemination (CRD), Cost-

Effectiveness Analysis Registry (CEA) and Latin American and Caribbean Health Sciences 

Literature (LILACS). The search criteria were adapted to each of the databases by using 

combinations of three categories of keywords, such as 

“cost/economics/finance/expenditure”, “TB/tuberculosis” and “diagnostics/diagnosis/ 

screening/test/chest x-ray/smear/culture/Xpert/skin test/IGRA”. The detailed search 

strategy used for each database can be found in Appendix H. The inclusion criteria were 

primary costs of TB diagnostic tests across the world, in all income groups; active and 

latent; pulmonary and extrapulmonary; and adult and paediatric. No language was 

excluded. The search was initially conducted between 22 January 2014 and 18 April 2014 

and updated between 18 August 2015 and 2 September 2015. Citations were collected 

and managed using EndNote X6 (Philadelphia, PA, USA). 

A total of 5,671 citations were obtained from the six databases and an additional 23 from 

colleagues and references of papers (Figure 2-3). After removing 348 duplicate citations, 

5,346 remained. These titles were screened for relevance to the review objective and this 
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resulted in 654 citations. Further screening was performed on the abstracts of the 654 

citations and 405 were excluded. The full text of the remaining 249 papers were then 

assessed for eligibility and 69 were removed because they did not have diagnostic cost 

data. This yielded 180 papers that were included in the review, which equated to 183 

studies, representing 53 countries. The United States had the most studies (n=29), 

followed by South Africa (n=23) and Canada (n=9). The most commonly assessed test was 

CXR, which was included in 73 studies. Sputum smear and tuberculin skin test (TST) were 

evaluated in 62 studies each and sputum culture in 47 studies (Figure 2-3). 

Figure 2-3: Flow chart for systematic literature review for tuberculosis diagnostic test 
costs 
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Data extraction 

In order to meet the objectives of the project to assess the cost-effectiveness and 

feasibility of the WHO’s global strategy and targets for TB control after 2015, a decision 

was made to focus on three key countries: China, India and South Africa. Therefore, I 

prioritised data extraction of these three countries in addition to the countries included 

in this PhD: Indonesia and Romania. The data for the five countries were extracted 

between 20 November 2015 and 18 December 2015. Data from additional papers were 

later extracted but not analysed and are therefore not included in this thesis. I extracted 

data using a single, standardised form in Excel (Microsoft Corporation, Redmond, WA, 

USA, 2013). The data were checked for accuracy by my line-manager for the project. 

The outcome measure of interest was cost per test but any additional outcomes reported 

in a paper was extracted, for example cost per negative or positive test result, cost per TB 

case detected, cost per disability adjusted life years (DALYs) averted, etc. Both mean and 

median values were extracted whenever presented. When the costs of several tests 

combined (a testing algorithm) was reported instead of or in addition to the individual 

test, this algorithm cost was also extracted. 

Analysis 

All cost data were converted to 2015 local currency values using the International 

Monetary Fund’s average consumer price indices (IMF, 2016), then to a common 

currency, US$, using OANDA’s average annual exchange rates (OANDA, 2016). 

2.2.2 Main findings 

Data were extracted for 12 types of TB tests from the 35 papers based in China, India, 

South Africa, Indonesia and Romania (Table 2-5). Of the 35 papers, five presented costs 

from the patient perspective only (John et al., 2009a, Ray et al., 2005, Muniyandi et al., 

2008, Pantoja et al., 2009b, Liu et al., 2007), one provided costs from the perspective of 

both the provider and the patient (Van Rie et al., 2013), and the remaining 29 papers 

presented provider costs only. 
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Table 2-5: Journal articles with TB diagnostic tests unit costs for China, India, South Africa, Indonesia and Romania (as of March 2015) 

Test China India South Africa Indonesia Romania 

CXR  (Muniyandi et al., 2006) (Sinanovic et al., 2015, Theron et al., 2012, Pooran et 

al., 2013, Hausler et al., 2006) 

  

Sputum 

collection 

(Li et al., 1999)  (Peter et al., 2013)   

Smear (Xia et al., 2013) (Muniyandi et al., 2006, 

Muniyandi et al., 2008, 

Vassall et al., 2011) 

(Hudson et al., 2000, Dorman et al., 2012, Shah et al., 

2013, Sinanovic et al., 2015, TB Diagnostics Market 

Analysis Consortium et al., 2015, Theron et al., 2012, 

Vassall et al., 2011, Whitelaw et al., 2011, Hausler et al., 

2006) 

(Chaidir et al., 2013, 

Mahendradhata et 

al., 2010) 

(Olaru-Peter et al., 

2014) 

Culture  (Lazarus et al., 2012, 

Michael et al., 2010, 

Vassall et al., 2011) 

(Hudson et al., 2000, Chihota et al., 2010, Dorman et al., 

2012, Shah et al., 2013, Sinanovic et al., 2015, TB 

Diagnostics Market Analysis Consortium et al., 2015, 

Vassall et al., 2011, Hausler et al., 2006) 

  

TST (Chen et al., 2011)  (Mandalakas et al., 2013, TB Diagnostics Market 

Analysis Consortium et al., 2015, Masobe et al., 1995, 

Hausler et al., 2006) 

  

IGRA (Chen et al., 2011)  (Mandalakas et al., 2013, TB Diagnostics Market 

Analysis Consortium et al., 2015) 

  

Xpert  (Vassall et al., 2011) (Andrews et al., 2012, Dorman et al., 2012, du Toit et 

al., 2015, Meyer-Rath et al., 2012, Pooran et al., 2013, 

Schnippel et al., 2013a, Shah et al., 2013, TB Diagnostics 

Market Analysis Consortium et al., 2015, Theron et al., 

2012, Van Rie et al., 2013, Vassall et al., 2011, Schnippel 

et al., 2012) 
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Test China India South Africa Indonesia Romania 

DST (Pang et al., 2013) (Lazarus et al., 2012, 

Vassall et al., 2011) 

(Shah et al., 2013, Sinanovic et al., 2015, TB Diagnostics 

Market Analysis Consortium et al., 2015, Vassall et al., 

2011) 

  

Genechip (Pang et al., 2013)     

LPA   (du Toit et al., 2015, TB Diagnostics Market Analysis 

Consortium et al., 2015) 

  

MTBDR-plus   (Shah et al., 2013)   

NAAT   (TB Diagnostics Market Analysis Consortium et al., 

2015) 

  

 NA: not applicable;  CXR: chest radiography; TST: tuberculin skin test; IGRA: interferon gamma release assay; DST: drug susceptibility testing; LPA: line probe 

assay; MTBDR-plus: Assay for Molecular Detection of Rifampin and Isoniazid Resistance in Mycobacterium tuberculosis; NAAT: nucleic acid amplification test
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In the 30 papers with provider costs for diagnosis of TB, 25 presented provider costs for 

CXR, sputum collection, smear, culture, TST or IGRA, which were the tests included in the 

TANDEM study and therefore the focus of this review. 

The 2015 US$ mean provider costs of the CXR, sputum smear and culture, TST and IGRA 

tests in the five countries were assessed and the findings are presented in Table 2-6. Unit 

costs were available in 14 papers, with one paper (Vassall et al., 2011) presenting costs 

for both India and South Africa. The remaining 16 papers with provider costs either had 

data non-TANDEM tests or combined costs for various TB diagnostic tests and are not 

presented here. 
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Table 2-6: Mean provider costs for TB diagnostic tests, 2015 US$ 

Country Author (year) CXR Smear Culture TST IGRA 

China Pang et al. (2013)   58.19     L-J   

  61.22     L-J   

India Muniyandi et al. (2006) 0.97 0.39    

Vassall et al. (2011)  1.25     AFB 15.02     L-J   

South Africa Hausler et al. (2006) 24.36 3.71 8.64 1.23  

Sinanovic et al. (2015) 24.01 6.30 12.90   

Van Rie et al. (2013)  2.93     LED-FM 11.08     liquid   

 1.69     ZN    

Pooran et al. (2013) 24.19 2.81     Auramine 10.63     MGIT   

Shah et al. (2013)  2.95     LED-FM 10.55     MGIT   

 1.94     ZN    

Chihota et al. (2010)   12.41     L-J   

  16.70     MGIT   

Whitelaw et al. (2011)  1.48     Auramine    

 1.91     ZN    

Vassall et al. (2011)  1.20     AFB 11.55     MGIT   

Andrews et al. (2012)  3.49 11.29     liquid   

Indonesia Chaidir et al. (2013)  1.70     LED-FM    

 1.60     ZN    
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Country Author (year) CXR Smear Culture TST IGRA 

Mahendradhata et al. (2010)  2.50    

Romania Olaru-Peter et al. (2014)   4.84     MODS   

  4.81     L-J   

  11.34     MB/BacT®   

TB: tuberculosis; CXR: chest radiograph; TST: tuberculin skin test; IGRA: interferon gamma release assay; AFB: acid fast bacilli; LED-FM: light emitting diode-fluorescence 

microscopy; ZN: Ziehl-Neelsen; L-J: Lowenstein-Jensen; MGIT: Mycobacteria Growth Indicator Tube; MODS: microscopic observation drug susceptibility
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Only one paper presented the costs of a TST (US$ 1.23 in South Africa) while no relevant 

studies had the cost of an IGRA (Hausler et al., 2006). The cost of a CXR was reported in 

four studies, three of which were in South Africa. The reported cost of a smear test, either 

light-emitting diodes by Fluorescence microscope (LED-FM) or Ziehl-Neelsen (ZN) ranged 

fromUS$ 0.39 in India to US$ 3.49 in South Africa (Muniyandi et al., 2006, Andrews et al., 

2012). The range was much larger for sputum culture tests, costing as little as US$ 4.81 in 

Romania to as much as US$ 61.22 in China, for a solid medium Lowenstein-Jensen (L-J) 

test (Olaru-Peter et al., 2014). 

For Indonesia, two papers presented disaggregated diagnostic costs for sputum smear 

tests. The first reported US$ 1.51 for diagnosis consultation and US$ 0.99 (one slide) for 

smear microscopy in 2009 (Mahendradhata et al., 2010). The second study reported the 

average running costs per slide for a LED-FM and a ZN smear as $ 1.70 and $ 1.60, 

respectively (Chaidir et al., 2013). The latter study was unclear in describing how the costs 

were obtained and what was included in the ‘running costs’ of the tests. The authors also 

omitted the year of data and the currency of the costs. 

The only TB diagnostic costs identified in Romania was from a study that sought to 

compare various forms of culture tests: microscopic-observation drug-susceptibility 

(MODS) assay, solid L-J medium and MB/BacT® in terms of sensitivity, contamination rate, 

speed and costs (Olaru-Peter et al., 2014). The method used to determine the costs was 

not described, but simply referred to as ‘sample processing’ and ‘specific cost per sample’. 

These combined values resulted in costs of € 4.4 (US$ 4.84) for MODS, € 4.37 (US$ 4.81) 

for L-J and € 13.3 (US$ 11.34) for MB/BacT®. 
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2.3 Summary 

TB treatment costs in Indonesia, for six months of DOTS, from the provider perspective 

was similar at public and private health facilities, but increased by 2.5 times from public 

to private for direct medical costs from the patient perspective. This then meant that total 

out-of-pocket payments and productivity losses for patients increased by an astounding 

ten-fold increase (1042%), from US$ 33.74 in the public sector to US$ 351.66 in the private 

sector, placing a heavy burden on patients without private health insurance to reimburse 

them for these costs. No TB treatment costs were identified for Romania in the published 

literature. 

The two studies reporting the costs of different types of smear analysis for TB diagnosis in 

Indonesia are not reliable since key reporting data (year and currency of costs) were 

omitted (Husereau et al., 2013). Similarly, for the cost of TB diagnostics in Romania, a 

study compared costs of three types of culture tests but the costing method was not 

clearly described. 

The cost data obtained for TB in Indonesia and Romania is a useful reference point but all 

of these studies assessed TB interventions in silos, with some findings poorly reported. 

The work in this PhD aims to assess the costs of integrated TB-DM services and therefore 

provide evidence needed for planning the continuum of care for people with concurrent 

disease. 

Systematic literature reviews were not conducted for DM diagnostics or treatment but 

the relevant literature are discussed in Chapters 8 and 11, respectively. 
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PART II - METHODS 

This section describes the general and specific health contexts of the three countries 

included in this PhD, Indonesia, Peru and Romania. It also describes the study protocols, 

sampling and workflow of TANDEM’s cross-sectional study and randomised controlled 

trial. Finally, an overview is included of the quantitative and qualitative methods utilised 

to provide an economic and feasibility assessment of bi-directional screening for TB and 

DM as well as management of these concurrent diseases. The methods used are described 

in more detail in the respective research papers. 
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Chapter 3 Study settings 

In this chapter an overview is provided of the health systems in Indonesia, Peru and 

Romania. There is a description of how services are delivered for TB and DM separately, 

which will provide the context for recommendations on how to integrate services for the 

two diseases. The sites at which TANDEM participants were enrolled, monitored and 

treated are also described.  

Indonesia, Peru and Romania are not only geographically and culturally disparate but 

there is also quite a contrast in the social and economic indicators (Table 3-1), with a 

population contraction in Romania (-0.8%) and growth in Indonesia and Peru (1.3% both) 

between 2010 and 2015. As Indonesia and Peru’s populations grow, their maternal 

mortality ratios and infant mortality rates fare worse than Romania. Despite performing 

so poorly, Peru spent almost twice as much of its gross domestic product (GDP) on health 

compared to Indonesia. Indonesia has a population that is 8 times that of Peru and 13 

times that of Romania, but a GDP that is only 4.5 times as large as that of either country. 

Table 3-1: Social, health and economic indicators, Indonesia and Romania 

Indicator Indonesia Peru Romania Year 

Population (projected, 000)α 260,581 31,774 19,373 2016 

Population density (per sq. km)α 143.8 24.8 84.2 2016 

Population growth rate (average annual %)α 1.3 1.3 -0.8 2010-2015 

Urban population (%)α 53.7 78.6 54.6 2015 

Fertility rate, total (live births per woman)α 2.5 2.5 1.5 2010-2015 

Life expectancy at birth (female/male, years)β 71/67 78/73 79 /71 2015 

Under-5 mortality rate (per 1000 live births)β 27 17 11 2015 
Maternal mortality ratio (per 100,000 live 
births)β 126 68 31 2015 

Total health expenditure (% of GDP)α 2.9 5.5 5.6 2014 

Physicians (per 10,000 population)β 2.0 11.3 23.9 2013 

Nurses (per 10,000 population)β 13.8 15.1 55.1 2013 

Beds (per 10,000 population) 9.0 15.0 61.0 2012 

GDP (million current US$)α 888,538 201,809 199,045 2014 
GDP growth rate (annual %, constant 2005 
prices)α 5.0 2.4 2.8 2014 

GDP per capita (current US$)α 3,492 6,516 10,129 2014 
GDP-gross domestic product 
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Sources: αWorld Statistics Pocketbook 2016, United Nations Statistics Division; βWorld Health Statistics 

Report 2016: Monitoring health for the SDGs, WHO 

3.1 Indonesia 

3.1.1 Health system and service provision 

The life expectancy in Indonesia for 2015 was 73 years for females and 69 years for males 

(Table 3-1) (UNData, 2016). In 2014 the main causes of death were cardiovascular disease 

(37%), followed by communicable diseases (including TB) (22%), cancers (13%) and other 

NCDs (10%) (WHO, 2014c). For the same year, diagnosed and undiagnosed DM was 

estimated to directly account for 6% (90,000) of the 1.5 million deaths (WHO, 2014c), but 

as many as 184,985 deaths (12%) were considered to be DM-related, including some due 

to cardiovascular disease (IDF, 2011). 

The most recent data available indicated that 3% of the total 2014 gross domestic product 

(GDP) was spent on health, which is well below the target of 15% (WHO, 2009, UNSD, 

2016). Indonesia has a public-private mix for health care provision with private health care 

accounting for approximately 40% of services provided (WB, 2013). The government 

provided 40% of the expenditure, but the majority (60.4%) was private expenditure 

(mostly out-of-pocket payments and a much smaller component for private prepaid plans) 

(WHO, 2015g). This resulted in a health expenditure of US$ 108 per person in 2012 (WHO, 

2015g). The Ministry of Finance provides the funds for health for the entire year to the 

Ministry of Health, who then acts as financier and provider for most public health services 

(WB, 2009). The Ministry of Health receives funds according to a budget based on the 

previous year rather than actual expenditure or estimated need.  

Within the Indonesian public health care delivery system there are centralised MoH 

hospitals (teaching and specialised hospitals), provincial hospitals, district hospitals, sub-

district primary health centres (Puskesmas), and village mobile clinics (Puskesmas Keliling 

– four wheeled vehicles or boats) (WB, 2009, WHO, 2009). There is a three-tier referral 

system, but many patients can access services directly at the secondary or tertiary levels. 

As of 2013, 2.0 physicians and 13.8 nurses were available per 10,000 population (WHO, 
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2015g). There are 9.0 beds per 10,000 persons through 3.5 primary health care centres 

(Puskesmas) and 5.6 hospitals per 1,000,000 persons (WB, 2008), resulting in a total of 

1,632 secondary care hospitals and over 9,000 Puskesmases (WB, 2013). 

Health services and salaries are funded by central government as well as community-

based resources (MOH, 2014). Traditionally, a point of care payment is required at public 

health facilities if individuals do not have some form of health insurance.  Jamkesmas, a 

national health insurance program for the poor and near-poor, is central government 

financed by general taxation and administered through the Ministry of Health. Jamkesmas 

coverage has gradually increased to cover more near-poor and vulnerable individuals, and 

on 1st January 2014 it was merged with other social insurance programmes in an effort to 

fully move towards universal health care (UHC) by 2019 (WB, 2013, Lancet, 2014). The 

other social insurance programmes included Jamkesda, which also provided coverage to 

the poor and near-poor, but was funded by districts with some out-of-pocket payment. 

Secondly, Askes administered by the Ministry of Health, which covers civil servants and 

military retirees who contribute through their salary, which is matched by the 

government. Thirdly, free health services to military personnel through the Ministry of 

Defense (WB, 2009). Fourthly, the Jamsostek health insurance provides coverage through 

the Ministry of Labor to private sector employees and their dependents in companies with 

ten or more employees. Civil servants and military personnel are also covered by 

Jamsostek, contributing through their salary. Fifth, private health insurances are 

administered and regulated by the Ministry of Finance, but financed through premiums 

by private, formal sector employees and dependents. The National Health Insurance 

Agency (Badan Penyelenggara Jaminan Social - BPJS) coordinates all the social health 

insurance programmes that have been merged to provide UHC, under a scheme called 

Jaminan Kesehatan Nasional (JKN) (Lancet, 2014). Despite all these mechanisms to finance 

health care in Indonesia, as much as 50% of the population remained uninsured in 2014 

(WHO, 2016b). A high proportion of people in informal work sectors, self-employed and 

unemployed not being eligible for coverage, and others being unaware that they are 

eligible for insurance coverage from the government. In addition to this inequitable 
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access, the JKN has been plagued by insufficiently trained personnel to administer the 

plan and ineffective management (Reich et al., 2016). 

The Ministry of Health manages and operates the teaching and specialised hospitals as 

well as recruits and allocates public sector health professionals. Health policies are 

produced and regulated by the Ministry of Health, including  disease specific programmes, 

such as those for TB or HIV/AIDS (WB, 2009). In the 1980s the Health Sector Development 

Plan produced a health system in Indonesia that focused on primary health care and 

included health professionals with modest training. Political decentralisation began in 

1999 and districts became more involved in decision making for the provision of health 

care and other social services. Decentralisation was expanded to administrative and 

financial functions within the health sector in 2006. However, funding of TB programme 

activities remains centralised, with money coming directly from the Ministry of Health or 

external donors, such as the Global Fund (WHO, 2009).  

The National TB Programme (NTP): 

The National TB Programme (NTP) was established in 1970. Prior to 1972, TB treatment 

occurred exclusively in hospitals. From 1972 to the early 1990s TB treatment was focused 

on diagnosis and treatment at the Puskesmas. The directly observed therapy, short-course 

(DOTS) strategy was piloted in Indonesia in 1993 and integrated into national policy in 

1995, but DOTS uptake was slow and only became widespread around 2000, with 

technical support from the WHO and the Royal Netherlands Association (KNCV) 

Tuberculosis Foundation (WHO, 2009).  

The NTP has released four National Strategic Plans (NSPs) since 2002. The latest plan 

covers 2015 to 2019 (WHO, 2015d). The goal of the plan is to “end the tuberculosis 

epidemic in Indonesia”, but also incorporates the goal of moving towards universal access 

for all people exposed to TB (WHO, 2016b). The activities are similar to those of the 2010-

2014 NSP, but with more ambitious targets (WHO, 2015d). The main activities of the 2015-

2019 Strategic Plan include (WHO, 2015d):  
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 scaling-up public-public and public-private partnerships to support quality DOTS 

expansion and ensuring their compliance to International Standards for TB care 

 implementing Xpert® MTB/RIF machines for faster diagnosis of DS-TB and 

Rifampicin resistant (RR) TB 

 active DR-TB surveillance 

 scaling-up of isoniazid preventative therapy (IPT) in people living with HIV and 

children as part of the drive to address MDR-TB, TB/HIV, paediatric TB, the needs 

of the poor and other vulnerable groups 

 empowering TB patients and affected communities through scale-up of 

advocacy, communication and mobilisation activities 

 contributing to health system strengthening, particularly capacity building of TB 

staff, a drug management plan to prevent stock-outs and the national laboratory 

network to increase the capacity for sputum smear and culture testing 

 strengthening policy and the central-local government commitment in the TB 

control programme 

 promoting research, development and utilisation of strategic information.  

While none of these activities directly address the challenges of comorbidity with DM, the 

efforts to improve the hospital-DOTS linkages and the laboratory network can provide 

opportunities to integrate DM services with those of TB. People with diabetes are 

recognised as a high-risk group for TB in the strategic plan.  

In 2014 the total government budget for the TB control programme was US$133 million, 

of which the government contributed 13% (WHO, 2015d). The remainder was covered by 

international donors, such as The Global Fund to Fight AIDS, Tuberculosis and Malaria (The 

Global Fund) and the United States Agency for International Development (USAID). This 

heavy dependence on donor funding is a key area of concern for the NTP. Efforts are being 

made to increase financial contributions from the government at the district level with 

the ultimate goal of phasing out all donor funding by 2018 (WHO, 2016b). The cost of 

implementing the new TB control strategy for 2015-2019 was estimated at US$ 926 

million, with annual costs increasing from US$ 128 million in 2015 to US$ 250 million in 

2019. The majority (38%) of the budget is earmarked for successful DOTS treatment in the 

public and private sectors as well as infrastructure and human resource strengthening 

(19%) (WHO, 2016b). The average expenditure per notified TB patient in 2014 was just 

over US$ 100 (WHO, 2015e). 
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The MOH administratively manages TB control under three directorates (Medical Service, 

Community Health and Center for Disease Control), which oversee the National TB Control 

Programme and TB services in Puskesmases and Hospitals (MOH, 2010). TB services are 

also performed by private providers, prisons, military services and employers. A core 

DOTS team operates at the provincial level under the NTP. This team consists of a 

Provincial Project Officer (PPO) and head office staff, who are responsible for oversight of 

the health services at the district level as well as improving the quality of DOTS services in 

hospitals. The Head of the District Health Office is responsible for planning, budgeting, 

implementing and monitoring health programmes. A TB supervisor (wasor) operates 

within the District Health Office to monitor and advise on all TB activities in the district, as 

well as maintaining treatment registers and ensure drug availability. 

There is high staff turnover and an inappropriate distribution of staff in the health 

workforce, which has been blamed on the poor implementation of the decentralisation 

policy, and resulted in a shortage of trained TB staff, particularly in hospitals (MOH, 2010). 

There is an effort to scale up DOTS training and improve the human resource capacity, 

with improvements being most notable at Puskesmases, where 98% of TB staff have been 

DOTS trained, compared to only 24% of TB staff in hospitals. 

Since the implementation of UHC in 2014, all medication on the drug formulary list are 

available free of charge, including anti-TB drugs, which are available from DOTS clinics at 

Puskesmases or hospitals. Fees for hospital visits and laboratory tests (TB monitoring, 

adverse events and monitoring for co-morbidities) are sometimes charged to patients 

with TB, but according to the National TB Strategy, all public and private health care 

services should be free of charge to people with TB through linkages with the NTP (MOH, 

2010, Collins and Parihatin, 2011). Therefore, the expectation is that the expansion of the 

Jamkesmas insurance coverage has improved access to TB treatment and reduced the 

financial burden of some people with TB. However, many people with TB are in the 

informal work sectors (such as farming, fishing, et cetera) or not regularly employed and 

therefore have not yet benefited from the improved access offered under Jamkesmas. 
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In both the public and private sectors sputum smear is underused despite being the 

recommended minimum for TB diagnosis. Regional reference laboratories have been 

tasked with building capacity for culture tests. The most commonly used diagnostic is 

chest radiography (WHO, 2009). 

The treatment of TB is focused in Puskesmases, with complex cases being referred to 

hospitals or lung health facilities. By 2009 the six month, drug-susceptible DOTS regimen 

had been implemented in 98% (n=7,200) of Puskesmases, all of the chest clinics (n=26) 

and lung hospitals (n=9), and 30% (n=494) of the public, government, military, police and 

private hospitals (MOH, 2010). Regulation of private practitioners is not strong and the 

level of DOTS implementation in that sector is unclear. 

First line anti-TB drugs in Indonesia follows the Fixed Drug Combination (FDC) regimen, 

which provides a standardised package of isoniazid, rifampicin, pyrazinamide and 

ethambutol to people being treated for TB for the first time and without any drug 

resistance. Individual packages (CombiPak) are also available to treat the side effects of 

the anti-TB drugs. These drug packages, along with buffer supplies to prevent stock outs, 

are distributed by the central government to district level facilities and are cheaper than 

the individual drugs, but only 13 out of the 32 provinces have access to the FDCs (MOH, 

2010).    

Diabetes Services:  

DM health care services in Indonesia are meant to be provided by endocrinologists, but 

as there is an insufficient supply of these, primary care physicians and nurses with DM 

training also provide care at DM clinics. However, most DM care occurs through 

outpatient services in hospitals (Wibowo et al., 2016, Soewondo et al., 2013). Clinical 

practice guidelines, which are the responsibility of the Indonesian Society of 

Endocrinology (“Perkeni”), were initially established in 1993 and are regularly updated 

(Soewondo et al., 2013). The Perkeni guidelines focus on screening and diagnosis 

(Rudianto et al., 2011). The recommended protocol for DM diagnosis is two-tiered: if a 

person has classic symptoms (including polyuria, polyphagia, polydipsia and unintentional 
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weight loss or gain), either a random blood glucose (RBG) or a fasting plasma glucose (FPG) 

test should be performed. If a person has no classic symptoms, the oral glucose tolerance 

test (OGTT) should be performed as per WHO guidelines (WHO, 2006). If the result is 

negative for a person in a high-risk group, such as people with a poor diet, sedentary 

lifestyle, family history of DM or other related comorbidities, the recommendation is 

further annual screening to monitor the individual. 

The management of DM in Indonesia is an adaptation of the International Diabetes 

Federation’s and the American Diabetes Association’s guidelines for T2DM (Widyahening 

et al., 2014). The initial treatment protocol for people with elevated blood glucose is two 

to four weeks of lifestyle modification (diet and exercise) (Soewondo, 2011). If that is 

unsuccessful in achieving a lowered blood glucose level, pharmacologic interventions can 

be prescribed, including oral antidiabetic drug (OAD) monotherapy, insulin monotherapy, 

or combined OAD and insulin (Soewondo et al., 2013). 

There are several challenges within the health system that hamper the care of DM 

(Soewondo et al., 2013). First, some of the essential OADs for DM and related co-

morbidities and complications are not available free of charge as part of the national drug 

formulary. Secondly, health care services in rural and remote inland or small island parts 

of Indonesia are limited; and thirdly, the clinical guidelines are not evidence informed, as 

illustrated by renal care guidelines, which did not include the renal registry or regular 

health survey in its development. 

In late 2015, through coordination by the Union and the Ministry of Health in the Republic 

of Indonesia, seven Indonesian professional health organisations committed to 

addressing concurrent TB-DM (The Union, 2015b). The first step will be to develop 

guidelines and a manual that allows accelerated implementation of bi-directional 

screening to ensure no opportunity to detect concurrent disease is missed. This will be 

followed by management of the diseases at primary, secondary and tertiary level health 

facilities. 
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3.1.2 Study sites 

In Bandung 48 health facilities were involved in the TANDEM study (Figure 3-1).  The Balai 

Laboratorium Kesehatan (BLK) is a provincial, government owned referral laboratory 

serving a catchment population of 43 million. Sputum samples for TB screening were 

collected and analysed at this facility. 

BLK is across the street from the Hasan Sadikin Hospital (RSHS), a teaching and referral 

hospital serving the same population with a bed capacity of 935. There were 

approximately 614,000 hospital visits during 2014. In the TANDEM study, people with DM 

were diagnosed and managed in the Endocrinology Clinic within RSHS. CXRs for TB 

screening in patients with DM were performed in the Radiology Department of RSHS and 

laboratory analysis on blood samples were done in the Clinical Pathology Laboratory at 

RSHS. Patients identified to have both TB and DM were managed for both diseases in the 

DOTS clinic in RSHS. 

The Universitas Padjadjaran (UNPAD) Teaching Hospital completes the triangle of large 

health facilities in the west of Bandung city. Here, health professionals were trained for 

TANDEM patient recruitment and management. Patients involved in any of the numerous 

research studies being conducted are seen at this hospital. For TANDEM, patients with 

suspected TB were initially referred from 30 Puskesmas to a multi-study TB clinic at 

UNPAD. Here, patients received confirmation of active TB, they were screened for DM, 

and if DM was confirmed, they were randomised to either the standard DM care or 

intensive DM monitoring arms of the TANDEM RCT. Management of both diseases, 

including collection of anti-TB drugs, oral anti-diabetic drugs or insulin, occurred at the 

DOTS clinic for patients in the intensive DM monitoring arm and at various Puskesmas 

within Bandung for patients in the standard DM care arm. 

To augment recruitment of patients with TB, an additional district hospital in east 

Bandung city, Ujung Berung Hospital (RSUB), was included in the study in March 2015, 

along with 14 satellite Puskesmases, which were associated with the original 30. Patients 

with suspected TB at Puskesmases in the east of Bandung city were referred to RSUB, 
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where they were confirmed for TB and then screened for DM by TANDEM staff, consisting 

of two doctors and one nurse. 
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Figure 3-1: Map of Indonesia and the city of Bandung indicating the TANDEM study sites 
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3.2 Peru 

3.2.1 Health system and service provision 

Peru’s female and male life expectancies were 78 years and 73 years, respectively (Table 

3-1). The main causes of death in adults (30-70 years) in Peru in 2014 were communicable 

(including TB), maternal, perinatal and nutritional conditions (24%), cardiovascular 

diseases (22%), cancers (20%), chronic respiratory diseases (4%) and other NCDs (18%) 

(WHO, 2014c). DM was directly accountable for 2% of deaths, but almost 6% of adult 

deaths were DM-related and included diagnosed and undiagnosed DM (WHO, 2014c, IDF, 

2015). 

Health expenditure has consistently remained between 4% and 5% over the last two 

decades, but peaked at just under 6% in 2014 (Table 3-1). In that year, Ministry of Health 

(MINSA) expenditure was 61% (funded by general taxation), patient out of pocket 

expenditure was 29%, and the remaining 10% was from private health insurance and non-

governmental organisations (WHO, 2014b). Government per capita expenditure on health 

was US$ 396, out of pocket payments was US$ 221. Private health insurance usage was 

low at 3%. 

EsSalud, in existence since the 1940s, is the social health insurance system in Peru that 

covers employed individuals and their families (approximately 24% of the population), 

through contributions of 9% of earnings (Alcalde-Rabanal et al., 2011, Villena, 2015). 

Comprehensive Health Insurance (Seguro Integral de Salud - SIS) was introduced in 2002 

to provide fully subsidised health insurance coverage to the poor and extremely poor. SIS 

was expanded in 2007 to offer partial subsidisation of coverage for self-employed and 

people in informal work sectors or small businesses. The coverage by SIS was 31% of the 

population in 2013 (Villena, 2015). Health insurance coverage for the military, police and 

their families is provided through two systems: Armed Forces (Sanidades de las Fuerzas 

Armadas - FFAA) and National Police (Policía Nacional de Perú - PNP). The FFAA, PNP and 

private sector provide health services for approximately 10% of the population. More than 

a third of the population were reported to have no health insurance in 2013 (Villena, 
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2015). UHC was introduced in 2010 in order to reform the health system by improving 

accountability mechanisms and providing minimum benefit requirements for all (Alcalde-

Rabanal et al., 2011).  

The National TB Programme (NTP) 

The Peruvian government established the National Anti-Tuberculosis Service (NATS) in 

1940, which introduced mandatory BCG vaccinations for children, followed by various 

drugs and treatment programmes from 1960s to 1980s (2011). Daily supervision of anti-

TB drugs began in 1980 as part of a 12-month treatment regimen, which was soon 

replaced by an 8-month regimen. 

In 1990, the government identified TB as a priority and provided support and funding to 

establish the National TB Control Programme (NTP) (Harvard Medical School, 2011). A 

charismatic and driven young doctor was appointed the director and the first TB 

guidelines were published in 1991. It included an early version of the current DOTS 

strategy: six months of treatment split into a 2-month intensive phase and a 4-month 

continuation phase. The efforts in Peru saw the NTP become a global model of efficiency; 

between 2002 and 2003 the country was on target for achieving the Millennium 

Development Goals, but this halted in 2004 due to decreased case detection driven by the 

decade long health reform process that began in earnest in 1993 under President Alberto 

Fujimori (Peru Stop TB Committee, 2009). 

The average budget allocated to the NTP was US$ 10 million in 2008 (Peru Stop TB 

Committee, 2009). The Ministry of Finance provided 70% of these funds and the 

remainder came from International funders, including The Global Fund, USAID, Centers 

for Disease Control and Prevention, and Partners in Health. In 2007, 91% of the NTP 

budget was spent on treatment, 4% on diagnostics and less than 1% on preventative 

activities. 

The 2009-2018 Multisectoral Strategic Plan for the National Response to Tuberculosis in 

Peru includes instruction on free and rapid diagnostic tests, as well as free treatment for 
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TB and MDR-TB. Diagnosis protocols include smear microscopy, culture and drug 

sensitivity testing. 

Diabetes Services 

A national health strategy for the prevention of NCDs (2005) and legislation outlining the 

legal framework for preventing, treating and tracking DM in the Peruvian population 

(2006) do exist, but there is no WHO recognised national policy or action plan to guide the 

response to the increasing burden of DM in Peru (Villena, 2015). Additionally, there is no 

protocol or guideline for primary care DM management; despite a draft of one approved 

by MINSA in 2014, it is yet to be published and distributed (IDF, 2014, Villena, 2015). 

There are 300 registered endocrinologists providing care for the 1.23 million [95% CI: 0.87 

– 1.93 million] people with DM in Peru (Villena, 2015, IDF, 2011). Given the lack of national 

guidelines, most endocrinologists follow the American Diabetes Association’s guidelines 

for DM management, with a target of HbA1c <7% (Villena, 2015). Despite the presence of 

a wide range of DM drugs on the Peruvian market, only insulin, metformin and glyburide 

are available on the national drug formulary for access at public health facilities. 

Continuous glucose monitoring devices and insulin pumps are not covered by any health 

insurance scheme and are therefore not widely used in Peru.  

While there is an acknowledgement of the TB-DM burden in Peru, there is a delayed 

government response to and stewardship in addressing the increasing prevalence of DM 

in patients with TB. It is therefore not surprising that no position has been identified that 

guides how the health system should respond to TB-DM in Peru (Harries et al., 2016), 

despite published prevalence values between 11% and 19% DM in patients with TB 

(Magee et al., 2013, PAHO and WHO, 2013). DM services, including drugs and tests, for 

patients with TB are free at the point of care while patients are in the care of the more 

established NTP network (Riza et al., 2014). Once TB treatment has ended, all costs 

associated with DM care must be borne by the patient. 
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3.2.2 Study sites 

There were one general hospital, one community hospital and three health centres 

included in the TANDEM study, which are located in various parts of the 2,800 square 

kilometres of the Lima Metropolitan Area, Peru (Figure 3-2). The population of this city is 

almost ten million. Patients with DM were recruited from the endocrinology clinic at the 

Hospital General Maria Auxiliadora (HAMA) in San Juan de Miraflores, south Lima, which 

is affiliated with the Universidad Cientifica del Sur. Patients with suspected TB were 

confirmed and recruited for DM screening at four health facilities: Hospital Huaycan, in 

Ate-Vitarte (east Lima); Centro de Salud Forteleza, also in Ate-Vitarte; Centro de Salud San 

Cosme, La Victoria (near the city centre); and Centro Materno Infantil San Jose in south 

Lima. These sites were coordinated by TANDEM staff based at the collaborating facility, 

Universidad Peruana Cayetano Heredia (UPCH) in the low-income district of San Martin 

de Porres in the north of the Lima Metropolitan Area.
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Figure 3-2: Map of Peru and the metropolitan area of Lima indicating the TANDEM study sites 
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3.3 Romania 

3.3.1 Health system and service provision 

In Romania, 2015 life expectancy at birth was 78 years for females and 71 years for males 

(Table 3-1). A total of 254,000 people died in 2014, of which cardiovascular disease was 

accountable for more than half (58%), cancers responsible for 20%, other NCDs 10% and 

communicable, maternal, perinatal and nutritional conditions (including TB) and injuries 

accounted for 4% each (WHO, 2014c). DM (diagnosed and undiagnosed) was directly 

responsible for 1% of adult (30-70 years) deaths in 2014, but 7% of deaths were 

considered DM-related (WHO, 2014c, IDF, 2015).  

Health expenditure accounted for 6% of 2014 GDP (Table 3-1) (US$ 1172.0 billion (WB, 

2012)); the government was responsible for 80.3% of this expenditure, with the remainder 

coming from private sources. These private payments are used to pay for services in the 

private health sector, as well as co-payments and informal payments in the public sector 

(WHO and ECDC, 2015). Expenditure on health resulted in US$ 468 per person in 2012, 

which was a 641% increase from 2000 when only US$ 73 was spent per person. 

The National Health Insurance House (NHIH), through the Ministry of Finance, collects 

compulsory health insurance payments from the salary of formal sector workers. People 

with disabilities, pregnant women and people with TB and HIV are exempt, among others. 

In 2004, this social health insurance contribution accounted for approximately 83% and 

general taxation approximately 16% of the revenue provided to the NHIH for health care 

provision (Vlădescu et al., 2008). This insurance body ensures that all Romanians have 

health care coverage for primary, secondary and tertiary health care, but with co-

payments for hospital admission as well as 50-100% point of care payments for tests and 

medicines.  
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The National TB Programme (NTP) 

The NTP budget for 2014 was US$ 7.4 million, with an average of just over US$ 400 spent 

per notified TB patient (WHO, 2015b, WHO, 2015e). The NHIH is also responsible for 

distribution and regulation of funds to national programmes, such as the NTP or directly 

to pulmonology hospitals. These  procure medical equipment, drugs and laboratory 

consumables from pre-approved suppliers that have been vetted by the Unit of Central 

Procurement in the Ministry of Health (WHO and ECDC, 2015). 

The Tuberculosis National Strategic Plan 2013-2017 includes advice from the National 

Commission of Pulmonology, Allergology and Clinical Immunology, which is comprised of 

members that are nominated by the Ministry of Health (WHO and ECDC, 2015). 

Governance of the NTP falls directly under the Ministry of Health. The central unit of the 

NTP contains 10 people, including eight part-time clinicians, one full-time finance officer 

and one full-time secretary, but is not functioning at full capacity. The NTP also employs 

42 TB coordinators, one for each county and one for Bucharest. These coordinators are 

responsible for local management and coordination of staff, laboratory commodities and 

drugs provided by the NTP. There are 80 pulmonology departments in general hospitals, 

33 pulmonary hospitals and four sanatoria, with a total capacity of 5,625 TB beds. There 

are a total of 105 laboratories in the national TB laboratory network. The laboratories 

range from level 1 (for smear microscopy testing only) to level 3 (for smear microscopy, 

culture and drug susceptibility testing). Two level 3 laboratories operate as National TB 

Reference Laboratories, one in Bucharest in the south east and the other in Cluj in the 

north west (WHO and ECDC, 2015).  

 Family doctors are required to identify potential TB cases and refer those patients to a 

specialist for diagnosis and treatment. However, this rarely occurs. Most suspected TB 

cases initially present at hospital emergency departments. Any suspected cases that 

present in the private sector must be referred to the public sector where all TB treatment 

occurs.  
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TB treatment, including anti-TB drugs, diagnostic and monitoring tests, any 

hospitalisations and medication for adverse events, are free at the point of care for all 

people diagnosed with the disease (Marica, 2009). However, prior to being identified as 

having presumptive TB, people experiencing symptoms are required to make co-

payments for any investigative tests or medicines required. Patients with presumptive TB 

may also be required to pay co-payments for additional tests if diagnosis is difficult and 

for medication for some clinical complications of TB (WHO and ECDC, 2015). It has been 

estimated that informal payments are paid by more than 60% of patients in order to 

receive inpatient hospital care (Lewis, 2007). 

The national guidelines for TB require three sputum samples for people with presumptive 

TB, while only two sputum samples are required for patients in TB treatment. Although 

radiological investigations are not a diagnostic requirement in the national guidelines, 

CXRs are often taken for people with presumptive TB, along with a clinical examination 

for symptoms and the sputum samples used for smear microscopy as well as 

bacteriological culture (WHO and ECDC, 2015). 

Despite the adoption of the WHO DOTS strategy in 1998, people with new cases of PTB 

are treated as in-patients for at least 37 days out of the six-month DS-TB treatment 

regimen. Hospitalisation occurs even if the patient is not infectious or does not have 

severe TB disease. Hospitals are reimbursed by the NHIH a fixed amount (€45 per day for 

hospitals and €36 per day for sanatoria) for each patient with TB as they are considered 

to have ‘a condition of public health relevance’; a legacy from past policy that has 

remained, where the intention was to isolate patients with TB from the community (WHO 

and ECDC, 2015). This has created an economic incentive to hospitalise patients, even if 

the clinical severity of their condition does not warrant it.  

Subsequent outpatient TB treatment, which typically occurs between the second and sixth 

months, is administered through TB dispensaries (WHO and ECDC, 2015). Standard 

treatment for new patients with DS-TB consists of two phases. Phase 1 or the intensive 

phase consists of two months of daily doses of isoniazid, rifampicin, pyrazinamide and 
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ethambutol (WHO, 2010b). This is followed by the continuation or maintenance phase, 

where isoniazid and rifampicin are taken every other day for four months. This standard 

TB treatment regimen may be adapted based on the needs of the patient. People with 

DR-TB or patients who previously started TB treatment receive a different TB treatment 

regimen based on their personal situation. 

There are 184 TB dispensaries staffed by pulmonologists, TB nurses and TB pharmacists 

who manage the care of people with TB until the end of the continuation phase (WHO 

and ECDC, 2015). The infrastructure of the individual dispensary determines whether the 

care is self-administered every other day (based on a weekly or monthly supply of anti-TB 

drugs) or daily clinician administered DOT. Family doctors or community nurse-based DOT 

programmes are rare due to the discontinuation of the NHIH funded incentives for family 

doctors to perform TB related activities and a lack of funding for home visits by nurses.  

Through a national tender process conducted by the NHIH, the price of anti-TB drugs was 

renegotiated in 2013. Using state funds supplemented by international donors, hospitals 

are able to procure anti-TB drugs monthly, but unfortunately without a buffer to prevent 

stock outs, which is not uncommon. First and second line TB drugs (with the exception of 

capreomycin and para-aminosalicylic acid) are obtained free of charge by patients from 

hospitals or TB dispensary pharmacies. 

People diagnosed with TB are required to stay away from work for the entire duration (six 

months) of the treatment. Employed patients will receive sick pay from the government 

(NHIH), but the benefit may not extend to the entire period of TB treatment. Patients who 

are self-employed, unemployed or perform casual work are not eligible for sick pay and 

there is no social protection system to provide a safety net when income is lost (WHO and 

ECDC, 2015).  

Diabetes Services 

A national diabetes registry for Romania was established in 1941 (Donicova et al., 2011). 

Care for DM is provided by specialists diabetologists in both the public and private sector. 
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They are contracted and paid by the NHIH, but can only work in one sector. DM 

consultations, glucometers with strips and prescriptions are accessed free of charge in 

both sectors. However, additional services, such as blood and urine tests, administrative 

fees and some inpatient care in private clinics are largely out-of-pocket payments for 

patients. DM care can also be provided by family doctors or internal medicine specialists, 

which is needed to compensate for the shortage of diabetologists.  

Dieticians are not part of the management team for people with DM. Nurses provide most 

of the dietary guidance for patients in hospitals, but they are not available in outpatient 

DM clinics. Podiatry care often occurs in the university hospital of major cities. The 

podiatry team consists of a doctor specialized in dermatology and a nurse.  

NHIH guidelines state that patients with concurrent diseases must be treated for the 

diseases separately.  Hence,  people with TB and DM would need to be treated for TB as 

described above, but then also require that their DM be managed at a hospital with an 

endocrinology department (WHO and ECDC, 2015). 

3.3.2 Study sites 

Patients were recruited, screened and treated at four hospitals in the southwest region of 

Romania, called Oltenia (Figure 3-3). 
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Figure 3-3: Map of Romania and the counties of Dolj and Gorj indicating the TANDEM study sites 
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Within this region, there are two general hospitals in Dolj county where patients with DM 

are treated as inpatients in the Diabetes Department for an average of seven days; the 

Emergency County Hospital Craiova (Hospital #1) and Craiova Philanthropic Municipal 

Hospital (Hospital #2). Additionally, there is a TB hospital (also called sanatorium) and an 

infectious diseases hospital with a TB ward. These are the Hospital for Lung Diseases 

“Tudor Vladimirescu” (Runcu TB Hospital) in Gorj; and the “Dr. Victor Babes” Clinical 

Hospital for Infectious Diseases and Pneumology (Victor Babes Hospital) in Dolj, 

respectively. All patients with TB, whether or not they also had DM were treated as in-

patients for at least 37 days or until their sputum smear became negative in either Runcu 

or Victor Babes. 

After smear negative TB-DM patients were discharged, they were monitored for DM as 

outpatients by local diabetologists or family doctors as per standard DM care (standard 

DM care arm of RCT) or followed-up by field workers and three diabetologists, with 

remote guidance from a senior diabetologist in Bucharest (intensive DM monitoring arm 

of RCT). TB treatment continued on an outpatient basis at a TB dispensary close to the 

patient’s home or by ambulatory pulmonologists for patients from the Runcu TB Hospital. 

The intention was to follow patients in both arms, but as explained in Chapter 1, the RCT 

was discontinued after the first 40 patients were recruited and before any patients with 

TB-DM reached the six-month mark, largely due to discordance between the TANDEM DM 

management protocol and regulated DM management in Romania.  

3.4 Country and site selection 

For the TANDEM study, it was important to select countries from different geographic 

regions so that diverse cultural, health system structures and population demographics 

could be represented. The burden of TB and DM also needed to be sufficiently high so 

that there would be sufficient TB-DM burden within the populations to be able to detect 

a causal effect. The countries also needed to be typical of settings where economic 

improvement and changes in lifestyles would be likely to increase the risk of DM 

substantially. During the TANDEM proposal development in 2011, current data indicated 
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that Peru and Romania had some of the highest TB incidence rates in the South American 

and European regions respectively (106 and 159 per 100,000 population respectively) and 

an expected increase of DM between 90% and 160% (WHO, 2010a). With a TB incidence 

of 189 per 100,000 population (WHO, 2010a), Indonesia’s burden was well above the 

recommended screening threshold for TB in people with DM of 100 per 100,000, as 

recommended by the WHO/Union Framework (The Union and WHO, 2011), even though 

it was not one of the highest in the South-East Asia region at that time. 

The feasibility of conducting the studies was also an important criterion in the country 

selection and this was largely informed by long-term pre-existing research relationships 

between the TANDEM project principal investigators and research institutions within the 

countries as well as the collaborators’ capacity to recruit, test and treat patients for TB 

and DM and their access to potential participants. Given these considerations, Indonesia, 

Peru and Romania, each with a high burden of TB and an increasing prevalence of DM, 

were selected.  

The UNPAD Teaching Hospital research team in west Bandung, Indonesia (Figure 3-1) has 

a pre-existing research relationship with RSHS, thus the DOTS and Endocrinology clinics at 

RSHS were selected for recruitment of people with TB and DM, respectively. The 

Puskesmas’ with the greatest number of patients with TB in Bandung were contacted and 

asked to participate in the TANDEM study, with the permission and endorsement of the 

City Health Office. Additional patients with TB were recruited from those facilities along 

with the 14 additional satellite Puskesmases. Recruitment of patients with TB was lower 

than expected, particularly from Puskesmases in the east. Therefore, the second hospital, 

Ujung Berung Hospital, was later added so that patients with suspected TB at Puskesmases 

in east Bandung could be sent to the district hospital for confirmation and enrolment in 

TANDEM. 

In Peru, TANDEM made a request to the Ministry of Health to get permission and access 

to health facilities in Lima to conduct the studies in WP1 and WP2. The Ministry of Health 

then provided a list of facilities with sufficient patient volume to meet the Peru 
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recruitment targets and that were not already involved in another research project, 

conducted by any other local or international institution. HAMA, the reference hospital 

for almost one million people in South Lima (Figure 3-2), was chosen for recruitment of 

people with DM since the Endocrinology Department and the daily DM clinic are the most 

accessed DM services in the area, particularly by uninsured people with DM. To recruit 

people with TB, four health facilities with a high or medium prevalence of TB in the 

Metropolitan area of Lima were chosen. 

In Romania, sites were also purposively selected based on pre-existing research 

collaborations with the country principal investigator in Dolj and Gorj counties (Figure 3-3) 

as well as a high volume of patients with TB at the Victor Babes Hospital and the Runcu 

Hospital, and patients with DM at the two general hospitals.
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Chapter 4 TANDEM study protocols and workflow 

TANDEM’s work package 1 (WP1) (Figure 1-1) comprised four studies, of which two were 

pertinent to this PhD; these were two cross-sectional studies where people with DM were 

recruited and screened for TB (Pathway A of Figure 4-1) and people with TB were recruited 

and screened for DM (Pathway B of Figure 4-1) (bi-directional screening). In work package 

2 (WP2), people with TB also diagnosed as having DM were enrolled in a nested 

randomised controlled trial (RCT) and cohort study (Figure 4-1). In this study, intensive 

DM monitoring versus standard DM management was delivered during six months of TB 

treatment followed by 12 additional months of follow-up for TB and DM outcomes.  

The TANDEM objectives of the bi-directional screening (two cross-sectional studies) in 

WP1 were:  

1. To compare the screening tests for DM, when used alone and when 

combined, with the laboratory glycated haemoglobin (HbA1c), which was 

used as the gold standard for diagnosing DM in patients with TB. This was 

performed in the four locations in TANDEM: Indonesia, Peru, Romania and 

South Africa. The aim was to determine the sensitivity, specificity, predictive 

values and cost-effectiveness of the screening tests 

2. To determine the prevalence of DM in patients with newly diagnosed TB in 

the four countries 

3. To determine yield and cost-effectiveness of the computer-assisted chest x-

ray (CXR) reading and/or TB symptom screen, followed by sputum smear 

and culture, for TB screening among people with DM  

4. To establish the proportions of DM-associated TB that were attributed to 

reactivation or to recently acquired infection 

5. To determine the prevalence of active TB in people with DM in the four 

countries 
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6. To determine the operational feasibility from the perspective of the health 

care worker of performing the DM tests in TB clinics and the TB tests in 

chronic disease or DM clinics 

Ethical approval was obtained from the Research Ethics Committee of the London School 

of Hygiene & Tropical medicine for the entire TANDEM study (Appendix I). This included 

the data collection and analysis of the costs, operational feasibility, health-related quality 

of life and any later cost-effectiveness analysis  for this PhD. Ethical approval was also 

collected from the review boards in the respective countries: the Health Research Ethics 

Committee, Faculty of Medicine, Universitas Padjadjaran, Bandung, Indonesia (Appendix 

J); the Institutional Committee on Research Ethics, Universidad Peruana Cayetano 

Heredia, Lima, Peru (Appendix K); and the University of Medicine and Pharmacy of Craiova 

Committee of Ethics and Academic and Scientific Deontology, Romania (Appendix L). 
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Figure 4-1: Overall TANDEM patient workflow 

 

Patients 
with 

existing and 
new DM 
enrolled

Patients 
with DM 
screened 

for TB

TB-DM confirmed 

1. (Continue) standard 
DM management

2. Standard TB 
treatment

Patients 
with new 

TB enrolled

Patients with 
TB screened 

for DM

TB-DM confirmed
1. Randomised to RCT with 
2 DM management arms 

(standard care and 
enhanced intensive 

monitoring)

2. Standard TB treatment

A 

B 

Cross-sectional study 

Randomised controlled trial 



Chapter 4: TANDEM study protocols and workflow 
 
 

130 

 

The primary objective of the RCT in WP2 was to assess the effect of enhanced intensive 

monitoring of DM upon diabetes glycaemic control during TB treatment. In Indonesia, 

people with TB and DM were randomised at TB treatment initiation to one of two 

strategies for clinical monitoring of DM:  

i. predefined standard practice at the study site (standard DM care), or  

ii. enhanced, intensive monitoring of fasting blood glucose and clinical review at 

baseline, after two weeks, after four weeks and monthly until TB treatment 

completion, with adjustments of anti-diabetes medication according to 

standardised protocols (intensive DM monitoring). 

For the DM outcomes, glycaemic control was compared and DM phenotypes were 

defined. For TB outcomes, two-month culture conversion, six-month bacteriological 

outcome and 12-month recurrence were compared between TB-DM patients and people 

with TB but without DM.  

The sampling frame for pathway A (Figure 4-1) was all patients with DM attending DM 

clinics at the selected facilities in Indonesia and Peru or admitted to the DM or Internal 

Medicine Departments of the general hospitals in Romania. Patients meeting the selection 

criteria (newly or previously diagnosed DM, 18 years and over and no gestational or 

steroid-dependant DM) were consecutively asked to enrol in the TANDEM study. 

The sampling frame for pathway B (Figure 4-1) was all patients with suspected TB referred 

to or attending TB clinics at the selected facilities in Indonesia and Peru or admitted to the 

TB sanatorium or infectious disease hospital in Romania. Patients meeting the inclusion 

criteria (newly diagnosed new or previously treated pulmonary TB, 18 years and over and 

within 72 hours of treatment initiation) were consecutively asked to enrol in the TANDEM 

study. 

Recruitment for pathways A and B in each facility continued until the predetermined 

sample size was obtained in each country. 
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To obtain a 90% sensitivity of the combined DM testing approach (DM risk score then POC 

RPG), assuming a 95% confidence interval with a precision  of +/- 0.15 at each site, the 

exact mid-P method was used to calculate the sample size of approximately 2000 patients 

with newly diagnosed TB in Indonesia, Peru and Romania (Table 4-1). 

A priori, the sample size and power for the RCT was assessed, assuming an estimated DM 

prevalence of 20% (Alisjahbana et al., 2007). As we planned to recruit 2000 patients with 

TB across the TANDEM sites, we expected 400 to have DM, and allowing for patient 

attrition and exclusions, about 350 could be randomised to the trial (Table 4-1). 

The primary outcome for the RCT was to detect a 1% difference in laboratory HbA1c 

between the two arms of the RCT at three months (primary endpoint) and at six months 

(secondary endpoint) after starting DM management. 

We assumed a difference of 1.0% in HbA1c would be important to detect clinically, and the 

standard deviation of this difference would be around 2.2% (estimated from data from 

Indonesia). In a single site trial, the required sample size would be approximately 206 (with 

90% power, at the 5% significance level). This estimate is highly dependent on the 

standard deviation, for which only have limited empirical data available. If the standard 

deviation is greater than this estimate (for example, 2.8) then we would require 

approximately 332 patients. 

There is debate amongst clinicians about the minimum difference in HbA1c which might 

be “clinically important” to detect but most recent trials have set this at between 0.5% – 

1.0%, so our sample size estimates fall within this reasonable range. 
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Table 4-1: TANDEM sample sizes for Indonesia, Peru and Romania 

   Indonesia Peru Romania Total 
In

it
ia

l 

sa
m

p
le

 s
iz

e Study 1 (Pathway A) Patients with DM 800 600 600 2,000 

Study 2 (Pathway B) Patients with TB  800 600 600 2,000 

Randomised 

controlled trial 

Patients with TB-

DM 
 350 

In
te

ri
m

 

an
al

ys
is

 Randomised 

controlled trial – 

Indonesia ONLY 

 150 NA NA 150 

TB-tuberculosis; DM-diabetes mellitus; NA-not applicable 

Patient recruitment and RCT participation as of October 2016 are presented in Table 4-2. 

Table 4-2: TANDEM patient recruitment in Indonesia, Peru and Romania as of October 
2016 

    Indonesia Romania Peru 

Study 1 (Pathway A) Patients with DM 809 603 600 

Study 2 (Pathway B) Patients with TB  862 509 601 

TB-DM 
From DM screening in 
study 2 177 88 52 

Randomised 
controlled trial 

Standard DM care 
60 NA NA 

Intensive DM monitoring 60 NA NA 

TB-tuberculosis; DM-diabetes mellitus; NA-not applicable 

The patient and sample workflows for WPs 1 and 2 were different in Indonesia, Peru and 

Romania due to the variation in health systems of the three countries. 

In Indonesia, 809 people with existing DM attending their routine appointment at the 

Endocrinology Clinic at the RSHS were enrolled in the TANDEM screening study and 

screened for TB at the Clinic (Figure 4-2). The TB symptom screen was administered and 

irrespective of the presence of any symptoms, patients were escorted to the Radiology 

Department at RSHS for a CXR. All patients in Indonesia were also screened for latent TB 

infection using the IGRA test. Any patient with a productive cough for longer than 14 days 

or any abnormalities on the CXR were asked to produce a sputum sample in the toilets of 
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the Endocrinology Clinic. The patients were asked to return to the Clinic the following day 

having produced two additional sputum samples at home: late night and early morning 

samples. All sputum samples were taken daily to the BLK by a TANDEM nurse and tested 

for active TB using Ziehl-Neelsen (Z-N) sputum smear microscopy and sputum MODS 

culture. Any patient diagnosed with TB started TB treatment at the RSHS DOTS clinic and 

DM management continued as per standard care at the RSHS Endocrinology Clinic. The 

patients were not enrolled in the TANDEM RCT for people with TB-DM, as described in 

Chapter 1, to avoid potential double counting of RCT patients. 
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Figure 4-2: Patient and sample workflow for people with DM in Indonesia 
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Figure 4-3 Patient and sample workflow for people with TB in Indonesia 
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People with suspected TB were identified in several locations: RSHS DOTS clinic, RSHS TB 

inpatient ward, Ujung Berung Hospital inpatient TB ward and the 29 Puskesmas 

participating in the TANDEM study (Figure 4-3). These patients were asked to visit the 

TANDEM recruitment clinic at the UNPAD Teaching Hospital. There, suspected TB was 

confirmed using two sputum samples for smear microscopy and a CXR, which were 

conducted at the BLK and UNPAD Teaching Hospital, respectively.  

Between June 2014 and October 2016, a total of 862 people were confirmed to have 

active TB and then screened for DM at the UNPAD TANDEM Clinic (between four and 30 

days of first presenting at the UNPAD TANDEM Clinic) (Figure 4-3). DM screening consisted 

of a DM risk score performed by nurses recruited for the TANDEM study and the following 

tests:  

1. Point of care (POC) RPG 

2. POC HbA1c 

3. POC urine dipstick 

4. Blood draw for FBG and laboratory HbA1c 

The FBG was sent for analysis at the Clinical Pathology Laboratory at the RSHS. The HbA1c 

blood was analysed by a private laboratory, Prodia. People with concurrent TB and DM 

were asked to participate in the RCT and those agreeing were randomised into one of the 

two RCT DM treatment arms. TB-DM patients in the intensive monitoring arm were 

treated at the RSHS DOTS clinic for TB for six months by DOTS clinic staff. DM was 

managed by a TANDEM research resident doctor trained in DM management, with 

oversight from a consultant endocrinologist based in the RSHS Endocrinology 

Department. The TANDEM doctor monitored glycaemia levels, and provided education 

and counselling for DM self-care during patient visits to the RSHS DOTS clinic at two weeks, 

one, two, three, four, five, six, 12 and 18 months. Additional visits were required only if 

patients had adverse events related to either TB or DM treatment leading to the 

medication dosage needing adjustment. The TB-DM patients in the control arm followed 

the standard care in their setting by following up with their family doctor or attending a 

local endocrinology clinic, but were required to return to the TANDEM clinic for RCT 

follow-up at two weeks, two, three, six, 12 and 18 months. Patients in the standard care 
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arm were required to follow the TB treatment regimen for six months at their local DOTS 

clinic (at a Puskesmas or hospital). 

In Peru, 600 people who attended the out-patient Endocrinology clinic at the Maria 

Auxiliadora Hospital (HAMA) for DM services were recruited to the TANDEM study (Figure 

4-4). After people with confirmed DM were asked to participate in TANDEM by the clinic 

endocrinologist, they were enrolled and screened for TB by TANDEM research staff using 

the TB symptom screen and escorted to the Radiology Department at HAMA for a CXR. 

Patients with a positive TB symptom screen, i.e. cough for more than 14 days, were taken 

to the TB Clinic at HAMA and asked to produce a sputum sample. They were also asked to 

produce a second sample at home the following morning and bring it to the TB Clinic, 

where it was collected by TANDEM staff daily or as needed. The two samples were split: 

half of each sample stayed at the bacteriology laboratory at HAMA and was tested by Z-N 

smear microscopy, and the other half was taken by TANDEM staff to the research 

laboratory at UPCH where MODS culture was performed. If the sputum smear or the 

MODS culture was positive, the patient with confirmed TB-DM was transferred to the TB 

Clinic at HAMA or a local TB Clinic for at least six months of DOTS TB treatment. The 

patient’s DM management continued at the HAMA Endocrinology Clinic.  
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A TANDEM research nurse was based at each of the four health facilities in Lima with DOTS 

Clinics: Hospital Huaycan, Centro de Salud San Cosme, Centro Materno Infantil San José 

and Centro de Salud Fortaleza. People with newly diagnosed TB who had started TB 

treatment within 72 hours were approached by the nurse and asked to join the TANDEM 

cross-sectional study. Enrolled patients (n=601) were screened for DM by the TANDEM 

nurse. DM risk values were captured so that a DM risk score could be assessed at a later 

date. POC tests were performed by collecting a urine sample for the urine dipstick test 

and finger pricks for the RPG and HbA1c tests. Blood was also drawn for the laboratory 

HbA1c test. The patient was then taken to the laboratory at the health facility, where an 

additional vial of blood was taken, and later analysed at the health facility laboratory. The 

blood sample for the laboratory HbA1c test was delivered to a private laboratory, MedLab, 

by a TANDEM driver. Patients with confirmed TB-DM remained at the respective health 

facilities, where TB treatment continued at the DOTS Clinic and they were managed for 

DM at the DM Clinic within the same facility.
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In Romania, people with existing or newly diagnosed DM were recruited for TANDEM 

(n=603) at two county hospitals in Craiova (Figure 4-6). At Hospital #1 the enrolled 

patients were all being treated as in-patients in the DM ward and at Hospital #2 as DM in-

patients in one of the two internal medicine wards. They were screened for TB by the TB 

symptom screen and CXR, in addition to being screened for latent TB infection using the 

TST. If any TB symptoms were identified or any abnormalities seen on the CXR, the patient 

was discharged from the DM or internal medicine wards and sent by ambulance or asked 

to use their own transportation to go to the Victor Babes Infectious Disease Hospital, also 

in Craiova (Figure 3-3). There, each patient was asked to produce two sputum samples, 

which were then tested by smear microscopy and solid culture, as per NTP guidelines. If 

TB was confirmed, the patient would be admitted to the Victor Babes hospital where they 

would remain as inpatients for at least 30 days or until their sputum smear converted to 

negative.  Similar to Indonesia, these TB-DM patients were not enrolled in the TANDEM 

RCT, but followed up in order to measure their TB and DM outcomes. If TB was not 

confirmed, the patient was asked to return to Hospital #1 or Hospital #2 for readmission 

for DM treatment. 
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Figure 4-6: Patient and sample workflow for people with DM in Romania 
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At the Infectious Disease hospital in Craiova (Victor Babes) and the TB sanatorium in the 

Dolj mountainside (Runcu), 509 patients admitted for DS-TB treatment for the first time 

were screened for DM using the DM risk score by the pulmonologist responsible for their 

care (Figure 4-7). Personnel from the Medical Laboratory at these hospitals performed 

POC tests (RCG, HbA1c and urine dipstick) and drew blood for the FBG (analysed in the 

hospital laboratory) and laboratory HbA1c (which was analysed at a private laboratory, 

Bioclinica). If patients were confirmed to have newly diagnosed DM or existing DM that 

had been untreated, they were randomised to either the standard care or intensive 

monitoring arm of the RCT. In Romania, patients with TB must be treated as in-patients 

for at least 30 days or until sputum smear conversion. During this period, TB treatment 

was performed as per NTP guidelines and DM treatment for patients in the intensive 

monitoring arm was overseen by a senior TANDEM diabetologist. Patients were also 

monitored and visited by a junior diabetologist affiliated with the TANDEM study. Patients 

in the standard care arm of the RCT received standard DM care. Once patients became 

smear negative, they were discharged and TB treatment continued at TB Dispensaries that 

were convenient to the patient until the end of the six-month regimen. This could be any 

location in the region of Oltenia or even throughout Romania (Figure 3-3). This vast spread 

of patients meant it was difficult to monitor patients in either arm of the RCT and often 

patients did not return to agreed dispensaries for their TANDEM scheduled DM 

management visits. For this reason, in June 2016, a decision was made to discontinue the 

RCT in Romania. 
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Chapter 5 Methods framework and overview 

This section provides an overview of the methods used in this PhD and where they are 

presented in the results chapters. While most methods were quantitative, a semi-

qualitative assessment of the operational feasibility of integrating the tests was also 

undertaken. The methodological description of each approach is provided in greater detail 

in the respective results papers or chapters in Part III. 

Chapters 6 to 9 focus on data collected during the cross-sectional screening studies in the 

TANDEM project. These baseline data include patient assets that were collected in 

electronic case report forms and used to create socio-economic quintiles in Chapter 6 

through principal component analysis. The quintiles are later used to investigate the 

relationship between socio-economic status and change in health-related quality of life 

over six months of treatment for TB and DM (Chapter 10). 

A methodology paper for micro-costing diagnostic tests is presented in Chapter 7. This 

paper highlights some of the challenges experienced, with some practical remedies for 

obtaining comprehensive and accurate unit costs from the perspective of the health 

service provider, with some degree of consistency between the two countries and at the 

various sites. The results of the micro-costing were combined with the diagnostic accuracy 

(sensitivity and specificity) of each test to produce the cost per accurate diagnosis of bi-

directional screening in Indonesia and Romania in Chapter 8. The information in this paper 

is intended to inform the decision-making around implementation of integrated screening 

strategies for concurrent TB-DM. To complement this discourse, operational feasibility of 

screening people with TB for DM and vice versa are assessed from the perspective of the 

health care workers performing the application and analysis of these tests. This paper, 

presented in Chapter 9, uses a combination of the quantitative and qualitative data 

derived from interviewer administered questionnaires. 

Health-related quality of life (Chapter 10) and patient costs (Chapter 11) data were 

collected during the RCT and patients in the standard care and intensive DM management 
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arms were compared in both chapters. Here the analyses and results are presented as 

chapters rather than as manuscripts because patient recruitment is ongoing, at the time 

of writing, for these data and the results are therefore preliminary. 

Additional data collection for provider treatment costs is also ongoing and this data, along 

with the patient treatment costs, health-related quality of life and trial effect (percent 

change in laboratory HbA1c between baseline and after 18 months of treatment), is 

expected to be finalised in July 2018. At that time, these data, along with the diagnostic 

costs, will be combined to assess the costs per Quality Adjusted Life Years over the lifetime 

of the patient using a Markov model.
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PART III – RESULTS CHAPTERS 

Preamble to papers 

The three results papers included in this thesis are concerned with collecting and analysing 

the cost, accuracy and operational feasibility data for bi-directional screening of people 

with concurrent TB and DM in the TANDEM study.  

Research paper 2 is a methodological paper on micro-costing of laboratory tests, which 

was derived out of the field work done to obtain the costs of the TB and DM screening 

tests. In performing the micro-costing, it was apparent that there were no practical 

guidelines for researchers wishing to conduct a micro-costing of laboratory tests and 

therefore creating one was deemed useful for ensuring that data collected in the three 

countries went as efficiently and consistently as possible. It was decided that it should be 

published as it would be helpful to others performing micro-costings in similar settings. 

This is presented in Chapter 7. Research papers 3 and 4 relate solely to the bi-directional 

screening activities in the study. Research paper 3 reports the 2014 costs of all the 

screening strategies employed for both TB and DM along with the diagnostic accuracy of 

the tests (Chapter 8). Research paper 4 is presented in Chapter 9 where the operational 

feasibility of implementing these screening strategies from the perspective of the health 

care workers performing them is assessed. 

The titles of the three papers which will be submitted to journals are:  

1. How to do (and not to do): Planning and conducting micro-costing – an 

application to laboratory tests (to be submitted to Health Policy and Planning) 

2. Costs of accurate diagnosis for bi-directional screening in Indonesia and Romania: 

integrating TB and diabetes services (to be submitted to Lancet Global Health) 

3. Operational feasibility of bi-directional screening for TB and diabetes – lessons 

from Indonesia and Peru (to be submitted to PLoSOne) 
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The remaining data are presented as traditional chapters in narrative form. This includes 

analysis of the socio-economic status of all patients recruited for bi-directional screening 

in Indonesia, Peru and Romania in Chapter 6. The health-related quality of life of people 

with TB, with and without concurrent DM, recruited at baseline in Indonesia, Peru and 

Romania are compared along with the change in HRQoL of people with TB-DM from 

enrollment, through treatment and follow-up at 18 months in Indonesia only (Chapter 

10). Lastly, the costs incurred by patients with concurrent TB-DM who are in the standard 

DM care and intensive DM monitoring arms of the RCT are assessed in Indonesia only in 

Chapter 11.   
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Chapter 6 Socio-economic status 

6.1 Introduction 

The asset index method was used to develop socio-economic status (SES) quintiles. This 

method was chosen in order to compare the long-term wealth of people with TB or TB-

DM across different settings. This is in contrast to using short-term monetary values of 

household income, consumption or expenditure (Gwatkin et al., 2007). It was important 

to select a method for determining SES where the data were not excessively labour or 

time intensive to collect, but that would be more reliable than simply asking patients to 

report their income earned (Howe et al., 2008). 

The objective of this analysis was to obtain a socio-economic index for patients in 

Indonesia, Peru and Romania using assets by combining patients with TB and patients with 

DM for the analysis within each country. The asset index was used to assess the 

differential effects of SES on health outcomes for the patients in Indonesia, Peru and 

Romania. 

6.2 Methods 

Using the exact mid-P method, it was estimated that a sample of 2,000 people with TB 

should be screened for DM (and 2,000 with DM screened for TB) in Indonesia, Peru and 

Romania. These sample sizes were needed in order to obtain a sensitivity of approximately 

90% for the combined DM testing approach, with an estimated undiagnosed DM 

prevalence of 8% and a precision (95%) of +/- 0.15 at each site. 

6.2.1 Data collection 

A Principal Component Analysis (PCA) was performed in order to build a socio-economic 

status (SES) index based on asset ownership by patients. SES was determined by creating 

an asset index based on information on non-sellable and sellable (durable) asset 

ownership. Non-sellable assets included possession of a bank account; presence and type 
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of sanitation facility (flush toilet connected to sewage system, traditional toilet, septic 

tank or pit [ventilated improved pit (VIP) latrine, latrine with or without slab]; and 

household water source (private sources piped to house or yard, communal well or tap, 

from neighbour’s source, spring, river, pond, water vendor, bottled water or public 

network) (Appendix M). Sellable assets included ownership of a stove, refrigerator, 

microwave, washing machine, air conditioner, fan, computer, television, DVD player, 

radio/CD player, camera, mobile phone, bicycle, motorcycle/scooter, car or truck. The 

choice of assets to include was informed by the World Bank’s Household Survey 

Questionnaires for Developing Countries (WB, 2000). 

The TANDEM health care workers captured the data along with clinical data at baseline 

only, when screening patients. Data were collected electronically on tablets or laptop 

computers between April 2013 and November 2016. The data were then transferred into 

a centralised database that was adapted for the TANDEM study via a web-based 

application called Research Electronic Data Capture (REDCap) Version 6.9.1 (Vanderbilt 

University, Nashville, TN, USA). 

6.2.2 Data analysis 

Descriptive analysis (frequency, mean and standard deviation) of the assets was 

performed to inform decisions on which assets to include in the analysis and highlight any 

issues with the data. Only patients with complete asset information were included in the 

analysis. 

PCA allows aggregation over a range of different assets to derive a uni-dimensional 

measure of SES. The first step was to recode the categories of each variable into a separate 

binary variable. For example, the “house” variable with seven categories (renting a room, 

renting a house/flat, own house/flat, live with family, not usual place to live, live in shelter 

and other), was turned into seven corresponding variables, whose categories then 

became yes and no. Secondly, similar variables with low frequencies were combined (for 

example the people without a usual place to live and people living in a shelter were 

combined into a single variable: no fixed abode (that is, having no fixed or permanent 
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address)) and variables with no observations were dropped (Vyas and Kumaranayake, 

2006). 

From the initial set of statistically correlated variables, PCA was used to create 

uncorrelated indices, or components, where each component was a linear weighted 

combination of the initial variables (Filmer and Pritchett, 2001). The first (that is, principal) 

component was selected and the factor scores, or standardised weights, on that 

component were divided into quintiles to reflect the poorest to richest households. These 

scores reveal the importance of having each item in order to be considered richer (or 

poorer, for items with a negative score) than other people in the sample.  

In Indonesia, the analysis was carried out on the combined sample of 1,678 people, where 

there were 869 people with TB and 809 people with DM across five sites (Table 6-1). In 

Peru, the sample was 1,200 people with 600 of each type of patient and in Romania the 

sample was 1,103 people with 504 with TB and 599 with DM across four sites. These 

sample sizes were based on the data extracted on 25th November 2016. 
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Table 6-1: TANDEM patient enrolment for bi-directional screening in Indonesia and 
Romania, by site 

Site name Patients with TB Patients with DM Total 

Indonesia 869 809 1,678 

Puskesmas 649 106  

RSHS DOTS Clinic 120 ---  

RSHS Endocrinology Clinic --- 701  

RSHS inpatient wards 26 ---  

Ujung Berung Hospital 74 ---  

Unknown 0 2  

Peru 600 600 1,200 

San Jose Health Centre 67 ---  

Fortaleza Health Centre 64 ---  

Huaycan Hospital 366 ---  

San Cosme Health Centre 103 ---  

Maria Auxiliadora Hospital --- 600  

Romania 504 599 1,103 

Victor Babes 298 ---  

Runcu 206 ---  

Hospital #1 --- 499  

Hospital #2 --- 100  

TOTAL 1,973 2,008 3,981 

 

The analysis was not performed separately for urban and rural residents because all 

patients in Indonesia and Peru lived in urban residences and urban/rural stratification in 

Romania was only available for people with DM being screened for TB. The PCA was 

performed on the combined datasets of people with TB and people with DM in each 

country. 

All analyses were done in STATA version 14.1 (StataCorp LP, College Station, TX, USA). 

6.3 Results 

6.3.1 Useful assets and categories 

Some assets were excluded from the index analysis due to a low standard deviation of less 

than 0.25, which was a pragmatic threshold. A low standard deviation indicates a low 
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weight in the PCA if the asset was either very common or nearly absent in all respondents 

(for example, an asset that all or no respondents owned). These assets would be assigned 

a weight equal to zero in PCA and therefore would not contribute to differentiating the 

SES. The variables that were merged and those that were excluded because of a low 

standard deviation are identified for each country in Table 6-2. 

In all countries, for the variable asking “where you live, do you…”, new asset categories 

were created. ‘Renting’ was created by merging renting a room in a house and renting a 

house or self-contained flat and ‘no fixed abode’ by merging no usual place to live and live 

in a shelter. For the variable “what toilet facility do you have in your house?”, a category 

called ‘pit or bowl’ was created by merging the VIP latrine, bowl or bucket and other toilet 

type categories. Four new “water source” categories were created in the three countries 

except  Romania where water vendor and bottled water remained separate while two 

additional categories  were included and merged into a category called ‘public network’. 
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Table 6-2: Merged and dropped variable categories before principal component analysis in Indonesia, Peru and Romania 

      Merged categories   

Country Variable Question Categories with low frequencies New category Dropped categories 

In
d

o
n

e
si

a 
house Where you live, do you… rent a room in a house? 

Renting 
No fixed abode   

rent a house/self-contained flat? Other living arrangement   
have no usual place to live? 

No fixed abode 

 

    live in a shelter (homeless)?   

water_main What is your main source of water for  Private connection to pipeline 
Private sources 

Public well/standpipe  
drinking and cooking? Private well Neighbours   

Public taps/standpipe 
Public well/standpipe 

Nature   
Public well Other water source   
Water vendor 

Bottle or water vendor 

 
  

Bottled water 
 

  
Spring 

Nature 

 

  
River/stream/lake/pond 

 

    Rainwater   

toilet What toilet facility do you have in your  Ventilated improved pit (VIP) latrine 
Pit or bowl 
  

Traditional toilet  
house? Bowl/bucket Pit or bowl 

      No toilet 

possessions Do you own any of the following items?  
 

Stove  
(check all that apply) 

  
Air conditioner     
Television 

P
e

ru
 

house Where you live, do you… rent a room in a house? 
Renting 

No fixed abode   
rent a house/self-contained flat? Other living arrangement   
have no usual place to live? 

No fixed abode 

 

    live in a shelter (homeless)?   

water_main What is your main source of water for  Private connection to pipeline 
Private sources 

Public well/standpipe  
drinking and cooking? Private well Neighbours   

Public taps/standpipe 
Public well/standpipe 

Bottle or water vendor   
Public well Nature   
Water vendor 

Bottle or water vendor 
Other water source   

Bottled water 
 

  
Spring 

Nature 

 

  
River/stream/lake/pond 

 

    Rainwater   
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      Merged categories   

Country Variable Question Categories with low frequencies New category Dropped categories 

toilet What toilet facility do you have in your  Ventilated improved pit (VIP) latrine 
Pit or bowl 

Traditional toilet  
house? Bowl/bucket Pit or bowl 

        No toilet 

possessions Do you own any of the following items? 
 

Air conditioner  
(check all that apply) 

  
Bicycle     
Motorbicycle     
Car/truck 

R
o

m
an

ia
 

house Where you live, do you… rent a room in a house? 
Renting 

Renting   
rent a house/self-contained flat? No fixed abode   
have no usual place to live? 

No fixed abode 
Other living arrangement 

    live in a shelter (homeless)?   

water_main What is your main source of water for  Private connection to pipeline 
Private sources 

Public well/standpipe  
drinking and cooking? Private well Neighbours   

Public taps/standpipe 
Public well/standpipe 

Water vendor   
Public well Nature   
Spring 

Nature 

Bottled   
River/stream/lake/pond Public network   
Rainwater 

 

  
City (public) network source 

Public network 

 

    Connections to public network   

toilet What toilet facility do you have in your  Ventilated improved pit (VIP) latrine 

Pit or bowl 

Pit or bowl  
house? Bowl/bucket No toilet 

    Other   

possessions Do you own any of the following items? 
 

Stove  
(check all that apply) 

  
Refrigerator     
Television 

        Motorbicycle 
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6.3.2 The asset weights 

Descriptive analysis (frequencies, means and standard deviations) of the socio-economic 

variables and the standardised weights of each variable from the PCA are presented in 

Table 6-3, Table 6-4 and Table 6-5. Since only participants with complete information were 

included, the sample size for the PCA was reduced to 1,650, 1,189 and 1,084 in Indonesia, 

Peru and Romania, respectively. This resulted in 2%, 1% and 2% patients missing from the 

analysis in the three countries, respectively. 

In all three countries the PCA indicates that people who own their home are more likely 

to be in wealthier SES quintiles and those who live with extended family are more likely 

to be in poorer quintiles. Having a flush toilet at home was the sole indicator of SES within 

the sanitation facility grouping in Indonesia (Table 6-3) and Peru (Table 6-4), with a higher 

proportion of patients with this facility being in the wealthier quintiles in all countries. 

There was some variation amongst countries in terms of the durable assets that were 

included in the PCA, as well as those representative of patient SES. Having a computer had 

the highest and second highest factor scores in Romania and Indonesia, respectively 

(Table 6-5, Table 6-3), but in Peru having a computer was surpassed by six other assets, 

including stove and television (Table 6-4). The latter two assets were dropped in both 

Indonesia and Romania, since they were selected as a personal asset by almost all patients 

in these countries. 

The lowest factor score, or weight, in Indonesia and Peru was ascribed to renting a home, 

and to having a traditional toilet in Romania. 
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Table 6-3: Standardised weights (factor scores) of principal component analysis for 
patients with TB and patients with DM recruited to the TANDEM study in Indonesia 

 
Variable category Frequency Mean SD Factor score^ 

Bank account 605 0.3645 0.4814 0.2533 

 Housing status 

Renting 254 0.1514 0.3585 -0.1650 
Owns home 908 0.5411 0.4985 0.2161 
Live with family 464 0.2765 0.4474 -0.1053 
No fixed abode 5 0.0030 0.0545  
Other living arrangement 45 0.0268 0.1616   

 Water source 

Private sources 968 0.5769 0.4942 -0.0013 
Public well/standpipe 41 0.0244 0.1544  
Neighbours 7 0.0042 0.0645  
Water vendor/bottled 636 0.3790 0.4853 0.0218 
Nature 22 0.0131 0.1138  
Other sources 4 0.0024 0.0488   

 Sanitation facility 

Flush toilet 1,540 0.9178 0.2748 0.1315 
Traditional toilet 85 0.0507 0.2194  
Pit or bowl 17 0.0101 0.1002  
No toilet 31 0.0185 0.1347   

 Durable assets 

Stove 1599 0.9529 0.2119  
Refrigerator 1167 0.6955 0.4603 0.2996 
Microwave 220 0.1311 0.3376 0.2569 
Washing machine 705 0.4201 0.4937 0.3320 
Air conditioner 79 0.0471 0.2119  
Fan 799 0.4762 0.4996 0.2239 
Computer 570 0.3397 0.4737 0.3241 
Television 1596 0.9511 0.2157  
DVD player 903 0.5381 0.4987 0.2303 
Radio/CD player 784 0.4672 0.4991 0.2444 
Camera 329 0.1961 0.3971 0.3052 
Mobile phone 1466 0.8737 0.3323 0.1531 
Bicycle 653 0.3892 0.4877 0.2005 
Motorcycle/scooter 1106 0.6591 0.4741 0.2190 
Car or truck 266 0.1585 0.3653 0.3074 

SD-standard deviation 
Variables in red were excluded from PCA due to a low standard deviation (<0.25) 
^Variables with a positive factor score are associated with a higher socio-economic status and variables with 
a negative factor scores are associated with a lower socio-economic status
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Table 6-4: Standardised weights (factor scores) of principal component analysis for 
patients with TB and patients with DM recruited to the TANDEM study in Peru 

Variable category Frequency Mean SD Factor score^ 

Bank account 104 0.0875 0.2826 0.1800 

 Housing status   

Renting 186 0.1550 0.3621 -0.1032 
Owns home 604 0.5033 0.5002 0.1547 
Live with family 385 0.3208 0.4670 -0.0638 
No fixed abode 8 0.0067 0.0814  
Other living arrangement 17 0.0142 0.1182   

 Water source   

Private sources 1,118 0.9317 0.2524 0.1033 
Public well/standpipe 22 0.0183 0.1342  
Neighbours 22 0.0183 0.1342  
Water vendor/bottled 35 0.0292 0.1683  
Nature 2 0.0017 0.0408  
Other sources 1 0.0008 0.0289   

 Sanitation facility   

Flush toilet 1,121 0.9342 0.2481 0.1035 
Traditional toilet 42 0.0350 0.1839  
Pit or bowl 36 0.0300 0.1707  
No toilet 1 0.0008 0.0289   

 Durable assets   

Stove         1,003  0.8358 0.3706 0.2921 
Refrigerator            672  0.5600 0.4966 0.3658 
Microwave            234  0.1950 0.3964 0.3505 
Washing machine            257  0.2142 0.4104 0.3253 
Air conditioner                 4  0.0033 0.0577  
Fan            141  0.1175 0.3221 0.2465 
Computer            191  0.1592 0.3660 0.2755 
Television         1,016  0.8467 0.3605 0.3034 
DVD player            473  0.3942 0.4889 0.2844 
Radio/CD player            723  0.6025 0.4896 0.2523 
Camera            145  0.1208 0.3261 0.2652 
Mobile phone            854  0.7117 0.4532 0.1271 
Bicycle               63  0.0525 0.2231  
Motorcycle/scooter               41  0.0342 0.1817  
Car or truck               34  0.0283 0.1660   

SD-standard deviation 
Variables in red were excluded from PCA due to a low standard deviation (<0.25) 
^Variables with a positive factor score are associated with a higher socio-economic status and variables with 
a negative factor scores are associated with a lower socio-economic status
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Table 6-5: Standardised weights (factor scores) of principal component analysis for 
patients with TB and patients with DM recruited to the TANDEM study in Romania 

Variable category Frequency Mean SD Factor score^ 

Bank account 328 0.3026 0.4596 0.1707 

 Housing status   

Renting 24 0.0218 0.1460  
Owns home 630 0.5712 0.4951 0.1574 
Live with family 438 0.3971 0.4895 -0.1621 
No fixed abode 0 0.0000 0.0000  
Other living arrangement 4 0.0036 0.0601   

 Water source   

Private sources 944 0.8558 0.3514 -0.2368 
Public well/standpipe 65 0.0589 0.2356  
Neighbours 2 0.0018 0.0426  
Water vendor 1 0.0009 0.0301  
Nature 28 0.0254 0.1574  
Bottled 56 0.0508 0.2196  
Public network 0 0.0000 0.0000   

 Sanitation facility   

Flush toilet 563 0.5104 0.5001 0.2606 
Traditional toilet 532 0.4823 0.4999 -0.2583 
Pit or bowl 0 0.0000 0.0000  
No toilet 0 0.0000 0.0000   

 Durable assets   

Stove 1089 0.9873 0.1120  
Refrigerator 1075 0.9746 0.1574  
Microwave 363 0.3291 0.4701 0.2910 
Washing machine 720 0.6528 0.4763 0.2916 
Air conditioner 103 0.0934 0.2911 0.2386 
Fan 252 0.2285 0.4200 0.2180 
Computer 428 0.3880 0.4875 0.3064 
Television 1054 0.9556 0.2061  
DVD player 159 0.1442 0.3514 0.2820 
Radio/CD player 564 0.5113 0.5001 0.1613 
Camera 215 0.1949 0.3963 0.2915 
Mobile phone 891 0.8078 0.3942 0.1760 
Bicycle 390 0.3536 0.4783 0.0285 
Motorcycle/scooter 62 0.0562 0.2304  
Car or truck 349 0.3164 0.4653 0.2840 

SD-standard deviation 
Variables in red were excluded from PCA due to a low standard deviation (<0.25) 
^Variables with a positive factor score are associated with a higher socio-economic status and variables with 
a negative factor scores are associated with a lower socio-economic status
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6.3.3 Distribution of asset ownership 

Patients in each country sample were split into quintiles, that is 20% of patients in each 

SES category. The distributions of the overall SES index for each country are shown in 

Figure 6-1, Figure 6-2 and Figure 6-3. All countries were positively (right) skewed, which 

could be due to some wealthier families who are outliers in the right tail. This could 

indicate that households are somewhat homogenous in terms of assets that they possess, 

so that there are small differences by which SES quintiles can be distinguished (Amek et 

al., 2015). Additional variables may be needed to better discriminate between the poorest 

households (Vyas and Kumaranayake, 2006). 

Figure 6-1: Distribution of socio-economic status index for patients with tuberculosis 
and patients with diabetes, Indonesia 
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Figure 6-2: Distribution of socio-economic status index for patients with tuberculosis 
and patients with diabetes, Peru 
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Figure 6-3: Distribution of socio-economic status index for patients with tuberculosis 
and patients with diabetes, Romania 
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In Indonesia, Peru and Romania the proportion of the wealthiest patients (96%, 70% and 

99.5%, respectively) owning a washing machine is much higher than the proportion 

owned by the poorest patients in all countries (1%, 0.4% and 9%, respectively) (see Table 

6-6, Table 6-7 and Table 6-8). This trend was seen for other durable assets, but was not 

consistent for all countries for those assets. 

The majority (86%, 62% and 79%) of people in the wealthiest quintile in Indonesia, Peru 

and Romania, respectively, own their own home, while 68% to 77% of those in the poorest 

quintile in all countries either rent or live with family. The proportion of people in the 

wealthiest quintile with a flush toilet was above 90% in all countries, but the proportion 

of people in the poorest quintiles with a flush toilet varied from 84% in Peru to 4% in 

Romania. Further differences in the regional infrastructure is evident in the water sources, 

where over 80% of patients in all quintiles in Peru got drinking and cooking water from 

private sources, but in Indonesia approximately a third of all quintiles got their water from 

a water vendor or bottled water and 50-60% of all quintiles got their water from private 

sources. 

The financial infrastructure or regulation also appears to be different in the three 

countries. While only 1% of the poorest quintile in Peru had a bank account in their name, 

this proportion rose to 8% and 11% in Indonesia and Romania, respectively. Only 27% of 

the patients in the wealthiest quintile had a bank account in Peru, but 57% and 78% of the 

wealthiest quintile in Romania and Indonesia had one. 
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Table 6-6: Proportional ownership of bank account, housing characteristics and 
durable assets by socio-economic quintile, Indonesia 

Label Poorest Second Middle Fourth Richest 

Bank account 8.38% 15.15% 33.13% 47.59% 78.01% 

Housing status 

Renting 39.52% 22.12% 7.23% 5.12% 1.51% 

Owns home 17.96% 44.24% 51.51% 70.78% 85.54% 

Live with family 38.02% 32.42% 36.75% 21.69% 9.94% 

Water source 

Private sources 51.80% 61.21% 57.23% 65.66% 52.71% 

Water vendor/bottled 41.62% 32.42% 37.95% 31.33% 45.78% 

Sanitation facility 

Flush toilet 77.25% 89.70% 96.08% 98.19% 98.80% 

Durable assets 

Refrigerator 11.98% 53.94% 84.34% 97.89% 100.00% 

Microwave 0.00% 1.21% 3.61% 13.25% 47.59% 

Washing machine 0.90% 13.94% 30.12% 68.37% 96.39% 

Fan 15.57% 31.21% 46.69% 62.65% 81.63% 

Computer 2.40% 6.67% 21.39% 47.29% 91.27% 

DVD player 18.56% 39.09% 56.93% 66.87% 88.55% 

Radio/CD player 12.28% 26.97% 47.89% 62.65% 83.73% 

Camera 0.00% 0.30% 6.63% 19.88% 70.78% 

Mobile phone 65.87% 85.15% 92.47% 94.58% 99.10% 

Bicycle 11.98% 26.97% 37.35% 47.29% 70.78% 

Motorcycle/scooter 21.56% 56.67% 77.41% 85.24% 89.16% 

Car or truck 0.00% 0.00% 1.51% 10.84% 66.57% 

      

Mean socio-economic status index -2.65 -1.40 -0.27 1.00 3.33 
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Table 6-7: Proportional ownership of bank account, housing characteristics and 
durable assets by socio-economic quintile, Peru 

Label Poorest Second Middle Fourth Wealthiest 

Bank account 1.23% 3.25% 5.17% 6.93% 27.43% 

Housing status 

Renting 23.05% 21.95% 15.09% 9.52% 6.75% 

Owns home 18.93% 51.63% 60.34% 59.31% 62.03% 

Live with family 51.85% 24.39% 24.14% 29.44% 31.22% 

Water source 

Private sources 83.54% 92.68% 96.12% 96.54% 97.47% 

Sanitation facility 

Flush toilet 83.95% 92.28% 97.41% 95.24% 98.73% 

Durable assets 

Stove 38.27% 86.99% 97.41% 97.84% 98.31% 

Refrigerator 3.70% 23.58% 72.84% 87.88% 95.36% 

Microwave 0.00% 1.22% 1.72% 22.51% 73.84% 

Washing machine 0.41% 2.85% 6.90% 27.71% 70.04% 

Fan 0.00% 1.22% 3.02% 17.75% 37.13% 

Computer 2.88% 1.22% 5.17% 20.35% 49.79% 

Television 39.92% 89.02% 97.84% 98.27% 99.58% 

DVD player 3.70% 23.98% 34.05% 60.61% 76.79% 

Radio/CD player 18.11% 56.10% 70.69% 68.40% 89.03% 

Camera 0.82% 1.63% 2.59% 12.55% 43.88% 

Mobile phone 60.91% 63.01% 69.40% 76.19% 86.92% 

      

Mean socio-economic status index -2.46 -0.94 -0.08 0.86 2.74 
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Table 6-8: Proportional ownership of bank account, housing characteristics and 
durable assets by socio-economic quintile, Romania 

Label Poorest Second Middle Fourth Richest 

Bank account 10.50% 17.21% 28.77% 37.67% 57.41% 

Housing status 

Owns home 30.59% 49.77% 60.27% 69.30% 78.70% 

Live with family 68.04% 47.44% 36.07% 27.91% 18.06% 

Water source 

Private sources 99.09% 98.14% 94.52% 84.65% 52.31% 

Sanitation facility 

Flush toilet 4.11% 40.47% 52.05% 69.30% 91.67% 

Traditional toilet 94.98% 59.07% 47.95% 30.70% 8.33% 

Durable assets 

Microwave 0.91% 9.77% 25.11% 46.98% 85.19% 

Washing machine 8.68% 43.26% 83.56% 95.81% 99.54% 

Air conditioner 0.00% 0.00% 0.46% 10.23% 37.04% 

Fan 4.11% 6.98% 14.61% 35.35% 55.09% 

Computer 2.28% 8.84% 33.33% 62.33% 89.35% 

DVD player 0.46% 1.86% 1.83% 11.16% 58.33% 

Radio/CD player 26.48% 42.33% 50.68% 57.21% 79.63% 

Camera 0.00% 0.93% 7.31% 26.05% 65.28% 

Mobile phone 52.05% 74.88% 86.76% 94.88% 97.69% 

Bicycle 31.96% 34.42% 34.25% 35.35% 40.28% 

Car or truck 0.46% 8.84% 21.92% 51.16% 78.24% 

      

Mean socio-economic status index -2.53 -1.45 -0.43 0.98 3.48 
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6.3.4 SES differences between patients with TB and patients with DM 

There was a greater proportion of patients with DM in the wealthier quintiles in all 

countries and a greater proportion of people with TB in the poorer quintiles (Figure 6-4). 

Figure 6-4: Proportion of patients by quintile for TB and DM in Indonesia, Peru and 
Romania 

 

6.4 Discussion 

Housing status and ownership of durable assets are the best variables for assessing socio-

economic status in TANDEM participants. Transportation assets were not useful in 

determining SES in Peru because ownership was low for the bicycle, motorcycle/scooter 

and car/truck, possibly because the majority of patients in that setting are already in the 

lower SES. Motorcycle/scooter ownership was only useful in differentiating SES in 

Indonesia. Patients with DM are wealthier than patients with TB.  

Deriving asset indices using PCA avoids the weaknesses associated with the traditional 

methods of assessing wealth, including analysis of income, expenditure or consumption 
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data. These measurement limitations include recall bias and lengthy data collection for 

expenditure and consumption reporting, and variability in consumption and income data 

due to seasonality, particularly for people in informal or agricultural sectors or those who 

are self-employed (Vyas and Kumaranayake, 2006). 

These socio-economic position quintiles are relative measures of SES and compare the 

status between patients in the study, but does not provide absolute values of poverty or 

income group within the population. 

There are challenges in knowing which assets or variables to include in the PCA as certain 

infrastructure variables can result in geographic bias when classifying socio-economic 

groups (Lindelow, 2002). It is important to understand the potential bias created by the 

choice of variables, such as what are valued as assets of wealth in different settings – for 

example household conveniences versus communication, when making an assessment of 

the study population. 

Validity and reliability of the asset variables were not tested in this thesis, but have been 

assessed in previous studies. There is a consensus that while asset index reliability is not 

high, income data is also not reliable unless accompanied by detailed expenditure data. A 

study by Filmer and Pritchett (2001) compared asset and income data in India, Indonesia, 

Pakistan and Nepal and found that the asset index is a plausible proxy for the measure of 

wealth and is less error prone than in-depth patient and household expenditure 

interviews. 

The SES quintiles were used in later analysis (Chapter 10) to assess the relationship 

between wealth and health-related quality of life during TB-DM treatment. 
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Chapter 7 How to do (or not to do) … a micro-costing of laboratory tests 

Preamble to Research Paper 2 

The costing of the screening and diagnostic tests presented in Research Paper 2 was 

particularly challenging to conduct in the study settings (Indonesia and Romania). I spent 

an average of three weeks in each country, on two separate occasions in Indonesia and 

three occasions in Romania. Within this time period, it was difficult to explain my 

objectives and get the support needed to access and interview people involved in 

performing the tests as well as those responsible for resource utilisation and cost 

information. It was challenging to perform all the steps in the micro-costing during the 

time I had. Moreover, following up with individuals to obtain missing information was 

difficult to do remotely. This led me to think that a ‘how to…’ on micro-costing would have 

been useful to me in the planning stages, before starting the micro-costing. It then became 

clear that since none seemed to exist at the time, it could be useful to others hoping to 

obtain the economic costs of tests or other health technologies in the future to learn from 

my experiences. This is the intended purpose of this research paper. 

After giving a detailed description of how to perform a micro-costing, the results of the 

micro-costings performed for the TANDEM study are presented in Research Paper 3. 
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Abstract 

Micro-costing has long been advocated as a methodologically robust, but resource 

intensive approach to accurately estimate the cost of health services. However, only few 

practical guidelines support researchers in planning and conducting such studies, 

particularly within limited research budgets. This paper proposes a practical process for 

planning and conducting a micro-costing study and demonstrates it with an application to 

costing laboratory tests. Using an example from a laboratory in Indonesia, a step-by-step 

method for completing a micro-costing laboratory study is outlined together with 

required informational, organizational, financial and time resources. In practice, the 

extent to which the micro-costing study can fit into the health facilities’ routine operations 

will ultimately dictate the applicability of each step of the process and its associated 

caveats. Common challenges in collecting and analysing cost data for laboratory tests are 

discussed, including obtaining equipment utilisation data; determining the optimal 

method for allocating shared costs; costing all alternative test pathways; and the 

importance of including overhead costs. The suggested framework is meant to be adapted 

and used as a guide by anyone undertaking costing in settings with limited routine 

accounting systems.  

 

Running head: How to do a micro-costing 
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Introduction 

Costing methods 

Determining the cost-effectiveness of any health service is best done using cost values 

that are rigorously derived by a common methodology in order to make valid 

comparisons of alternative strategies (Drummond et al., 2005). The costs of a laboratory 

test estimated using different methods, even in the same setting, can vary substantially 

(Cunnama et al., 2016). Approaches used to derive the costs of laboratory tests include 

micro-costing (Chihota et al., 2010), activity-based cost allocation systems (Barletta et 

al., 2013, Cao et al., 2006), and the analysis of administrative databases (using the ratio 

of costs to charges within a health facility or the reimbursement values) (de Oliveira et 

al., 2012). Although the costs to charges ratio method is convenient and easy, it is an 

inaccurate estimate, particularly if applying ratios from a different country. 

Why micro-costing? 

Micro-costing of health services is thought to be the most accurate method and is the 

preferred method where costs are not already available from routine systems in a given 

setting (Xu et al., 2014, Marks et al., 2014). Given the increasing interest in economic 

evaluations in LMICs (NICE and BMGF, 2014), methodologically sound costing in 

resource-constrained settings is a necessity. 

What is micro-costing? 

Micro-costing, also referred to as the ‘ingredients approach’, entails collecting 

information on the quantity and value of each resource used. It requires allocation of 

cost categories, e.g. overhead costs, staff time, equipment and consumables, to the 

activity that is being costed. Micro-costing is also called a bottom-up approach 

(Mogyorosy and Smith, 2005), but often includes top-down activities, particularly for 

assessing the overhead costs. Therefore, in this paper we consider micro-costing to be 

a mixed bottom-up and top-down approach (Cunnama et al., 2016). 

Micro-costing of any health service can be challenging because data collection can be 

time-consuming or data may be inaccessible (Alvin et al., 2014). This is especially the 
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case in low- and middle-income countries (LMICs), which may not have comprehensive 

computerised routine cost accounting systems. In the costing of laboratory tests a large 

number of reagents, supplies and equipment usage require proportional allocation, 

which can be challenging to determine. Additionally, laboratories are commonly 

situated within a health facility, meaning that a considerable proportion of overhead 

costs are for the functioning of the entire health facility and not just the laboratory.  

Methodological guidance for micro-costing studies is already available, with varying 

degrees of detail and instruction. Some guidelines describe various costing methods and 

include micro-costing examples (Ozaltin and Cashin, 2014, Creese and Parker, 1994); 

others are disease specific and address the specific nuances of costing TB, HIV and other 

diseases (Sohn et al., 2009a, UNAIDS, 2000, WHO, 1988); and another addresses the 

collection of good quality resource data for a micro-costing (Frick, 2009). There is 

however a lack of guidance on the practical aspects of designing and implementing a 

micro-costing exercise, particularly for laboratory tests. 

Objective of this paper 

The objective of this paper is to present a practical process for micro-costing of 

laboratory tests in LMICs that is manageable and can be standardised. The method 

proposed is for economic costing, which values resources in terms of their opportunity 

cost. This is in contrast to financial costs used for budgeting purposes. This paper focuses 

on LMICs where laboratory costs require more resources and time to obtain compared 

to high-income countries (HICs) where cost accounting systems are generally in place 

(Ghaffari et al., 2009, Raulinajtys-Grzybek, 2014). Additionally, there are often 

insufficient staff in LMIC settings that are trained to conduct costing exercises (Conteh 

and Walker, 2004) and hence this guide could be beneficial to those undertaking costing 

work in LMICs. 

Cost components 

Recurrent overhead, capital overhead and test-specific costs are the key cost 

components in micro-costing. Although staff and equipment costs are overhead 
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expenses, only the personnel and machines directly involved in the test are included in 

the mean cost of the test and therefore are categorised as test-specific costs (see Figure 

7-1).
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Figure 7-1: Cost categories for calculating mean costs of a laboratory test 
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Conducting a micro-costing of laboratory tests 

Micro-costing can be performed on a range of activities within the health sector, 

including clinic or other consultations with medical professionals, preparation and 

dispensing of pharmaceutical products, radiological examinations, surgeries, or 

counselling. The facility level can also range from primary health centres to specialised, 

tertiary level hospitals. Laboratory tests were chosen to demonstrate the micro-costing 

process since it requires a combination of different cost allocation approaches. 

Laboratory testing can include commonly performed tests in basic laboratories, such as 

complete blood counts or urinalysis, or specialised diagnostic tests requiring more 

sophisticated laboratories, for example Plaque Reduction Neutralisation Tests. In order 

to more clearly illustrate the steps, we will use the example of micro-costing a Ziehl-

Neelsen (Z-N) sputum smear microscopy test for tuberculosis (TB) followed by a 

microscopic observation drug susceptibility (MODS) culture test, also for TB, in a 

provincially run referral laboratory in Bandung, Indonesia. 

During the initial planning, all costing options must be considered. An assessment of 

whether standardised cost estimates already exist for the intervention or technology 

(which would not be the case for newly developed or non-market goods) or if precision 

is required (as it would be for use in individual level cost-effectiveness analyses) will 

inform which method is suitable for the given context (Frick, 2009, Mogyorosy and 

Smith, 2005). Once the micro-costing approach has been chosen, the amount of time 

and effort required to conduct it can be overwhelming, but a well thought out and 

organised protocol can make the process manageable. A practical micro-costing 

framework is presented here to achieve this (Box 7-1). 
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Step 1. Plan it out! 

The first step in determining the cost of a health service activity is to carefully plan what 

information is needed, from whom, how you will gather the information, and where and 

when the study will be performed so that there is minimal disruption of health services. 

A preliminary visit to the site(s) of the costing should be made in order to prepare for 

data collection. This ensures that the laboratory practices are fully understood and that 

the data collection tool can be modified to the specific setting. However, in practice a 

preliminary visit may not be possible, which makes it even more essential that detailed 

preparation are guided by a clear process. 

A spreadsheet for data collection should be created or adapted before the data 

collection begins. Costing spreadsheet templates for data collection and analysis are 

available in Appendix N (HYPERLINK TO EXCEL FILE). They are based on the example in 

this paper of Z-N sputum smear microscopy and MODS culture for the diagnosis of 

tuberculosis and is separated into test-specific, staff and overhead costs, with a ‘Total’ 

tab to combine the values. 

Box 7-1: Micro-costing framework 

1. Plan, plan, plan! What, why, how, who, where, how long? 

(2 weeks) 

2. Conduct interviews (1 week) 

3. Produce validated laboratory workflow (2-3 weeks) 

4. Create inventory of capital items (equipment) (1 day) 

5. Create lists (by time-motion study or observation)  

a. Consumables and reagents (2-3 days) 

b. Staff (2-3 days) 

c. Unit costs (3 weeks) 

d. Recurrent overhead costs (1 week) 

6. Complete spreadsheet, including missing data follow-up 

(3-8 weeks) 

7. Calculate mean cost per test (2 days) 

  Box 7-1: Micro-costing framework 
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The practical steps for conducting a micro-costing in a laboratory are presented in Box 

7-1. These steps are further illustrated in a case study of micro-costing in Indonesia. 
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Table 7-1: Activities and resources for micro-costing of a laboratory diagnostic test 

Activity (what to do 
and why) 

Method (how to achieve 
the step) 

Resources (list of staff, hospital 
ledger, equipment inventory, etc.) 

Time frame 

Produce a laboratory 
workflow (sample 
collection, preparation, 
analysis and result 
reporting) 
 

Interview staff in all 
components of test 

Laboratory manager 
Laboratory analysts 
Porters/couriers (samples and 
results) 
Nurses, doctors, other staff 
involved in sample collection 
Administrative laboratory staff 

Interviewing all staff 
can take up to two to 
three weeks as 
scheduling interviews 
can be challenging 

Perform an inventory 
(capital equipment, 
furniture and 
section(s) of the health 
facility used for the 
test, including 
manufacturer, model 
and square footage) 
 

Walk through the 
laboratory and/or facility 

Patient charts 
Equipment list 
Standard operating procedures 
Peer reviewed literature 
Note book or sketch pad 
Camera (pictures of equipment 
manufacturer information) 
Tape measure (for square footage) 

Within one day 

Create a list (all 
consumables and 
reagents used in the 
test, with quantity per 
test) 
 

In-depth interviews, 
verified by direct 
observation of process 
for each step in test 
 

Patient charts 
Standard operating procedures 
Peer reviewed literature 
Camera (pictures of product 
specifications) 

Additional interviews 
in two to three days, 
and list produced 
whilst all interviews 
being conducted 

Create a list (all staff 
required to conduct 
each step in the test 
and amount of time 
each staff member 
spends on each step) 
 

Time-motion studies 
Item-by-item database 
Direct observation* 
 
*If time-motion study 
not possible, 
alternatively ask each 
staff member for an 
estimate of time for each 
step in test 

Note book or sketch pad 
Stop watch 

Two or three days* 
 
 

*Two or more rounds 
of observation or 
time-motion study 
per process is a good 
way to obtain a 
mean time value 

Create a list (potential 
unit cost sources; then 
provide these sources 
with a list of unit and 
overhead costs needed 
from them) 
 

Draft list created after 
initial interviews for lab 
workflow 
Contact persons on draft 
list for in-depth 
interviews with list of 
unit costs needed to fill 
out 
Request permission to 
access databases or 
reports on draft list 

Expert panel 
Clinical coordinators with 
managerial oversight 
Facility administrative database 
Procurement personnel 

Three weeks* 
 
 
 
*Going through the 
list or spreadsheet 
with the sources is 
useful in helping 
them understand 
exactly what you 
require 

Produce a spreadsheet 
(data collected and 
output calculations)  
 

 Excel or other software for data 
entry and analysis 

The time taken 
ranges from a few 
weeks to several 
months, depending 
on how much missing 
data need to be 
collected after 
leaving the facility 
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Step 2. Conduct initial interviews 

Initial interviews are needed to determine the work flow for the samples being costed 

and to get referrals and contact information for the individuals to be interviewed for 

consumable usage, equipment specifications, unit costs, staff time spent on each 

activity, staff salaries and other compensation, test volume for the laboratory (including 

the test of interest and as well as all other tests), and capital and recurrent overhead 

costs. 

Step 3. Produce a laboratory workflow  

After the initial interviews, you should be able to produce a laboratory workflow (see 

example in Figure 7-2), which synthesizes information about the processes, resources 

used and any issues associated with the test. The workflow should capture any 

additional procedures related to the test that may occur in the laboratory, such as 

sample collection, sample registration or reporting of results. 

This information is best obtained by interviews with staff involved in each component 

of the test. The laboratory manager or a senior bio-scientist is usually the best person to 

start with and the list of interviewees may snowball as the process is discussed. It may 

be easier to separate the procedures for each test early in the process, such as sample 

collection, sample decontamination, sputum staining, reading of slides, sample storage 

or disposal, and reporting of results. These initial interviews are also important in 

sensitising staff to the costing study, demonstrating why the full workflow must be 

mapped and explaining the need for economic costs rather than using prices established 

for user charges.  
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Figure 7-2: Sputum sample workflow for Z-N smear and MODS culture in bacteriology laboratory, Indonesia 

   

Beginning of sample workflow  

End of sample workflow 
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Step 4. Perform an inventory of capital items 

An inventory is needed for all capital items used for the particular test and for running 

the laboratory.  These include equipment, furniture and building space. The capital items 

for running the laboratory will be applied to the overhead cost calculation. Capital items 

that are not used for laboratory operation or the test of interest need not be captured. 

Once the inventory is complete, information about the age or approximate year of 

purchase, expected lifespan and, if possible, the original purchase price or the 

replacement cost (informed by the current market value) are needed to calculate the 

annual cost of these items (see Table 7-2). For the building or space occupied by the 

laboratory where the test is conducted, the square footage and the value of the building 

or space needs to be obtained. If the test is conducted in a section of a room or building, 

the size of this smaller space is needed as well. 
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Table 7-2: List of capital items for Ziehl-Neelsen smear microscopy and MODS culture tests in Indonesia 

Item name Price as new 
(million IDR) 

Year of 
purchase 

Life 
expectancy 

Annual 
maintenance 
(million IDR) 

Manufacturer Model Proportion 
allocated 
to Z-N  

Proportion 
allocated 
to MODS 

Source 

Test-specific: EQUIPMENT and FURNITURE 

Fridge – samples 3 2013 10  Sharp NoFrost   Equipment list 

Fridge – reagents 3 2013 10  LG Compressor   Equipment list 

Timer (digital) 0.27 2013 5  Hoseki    Vendor website 

Vertical laminar flow hood 
biosafety cabinet with UV light 

10.00 2011 10  Nuaire LabGard Class II, 
Type B2 

  Balance sheet 

Bunsen burner Unknown 1960s 50 NA No name No name   Laboratory manager 

Drying rack Unknown 1960s 50 NA No name No name   Laboratory manager 

Microscope 11.68 2013 10 0.83 Olympus CX21 100%  Vendor website 

UV light fixtures (x2) 0.30      100%  Equipment list 

Incubator 200 2010 10  New Brunswick NA   Balance sheet 

Micropipette 15 2010 5  NA NA   Equipment list 

Autoclave 25 2010 10  Tomy ES-315   Balance sheet 

Centrifuge (for 15 ml tubes) 100 2010 10  Eppendorf 5804 R   Equipment list 

Inverted microscope 150 2009 10  Nikon Eclipse T5100   Equipment list 

Vortex mixer 8 2010 10  NA NA   Balance sheet 

Analytical balance 15 2010 5  NA NA   Balance sheet 

Computer (results) 8 2012 5  Dell Optix XE 55% 45% Invoice book 

Printer (results) 0.95 2013 5  hp Laserjet 1300 55% 45% Invoice book 

Air conditioner ? 2013 10 0.175 Sharp Ion Plasma Cluster 100%  Balance sheet 

 

Item name Area (m2) Year of 
data 

Life 
expectancy 

Value if sold 
today (million 
IDR) 

Annual 
maintenance 
(million IDR) 

   Source 

Overhead: BUILDING SPACE 

Laboratory building (entire) 4725 2012 30 3,658.10 49.00    Renovation quotation report  

Land 3195 2012 50 15,985.73 NA    Renovation quotation report  

Registration area (incl. sputum 
collection building, nurse’s 
space, waiting area) 

153 2014 30      Area manually measured with 
tape measure 

Bacteriology laboratory (2nd 

Floor – Z-N) 
60 2014 30      Area manually measured with 

tape measure 

Bacteriology laboratory (3rd 

Floor - MODS) 
78 2014 30      Area manually measured with 

tape measure 



Chapter 7: How to do (or not to do) … a micro-costing of laboratory tests 
 

185 

Step 5. Create lists 

Initial lists of resources, costs and staff involved in the conduct of the test should be 

created and verified or augmented with the laboratory personnel who perform the test. 

a. Consumables and reagents 

A preliminary list of all consumables used in performing the laboratory tests, along with 

quantities consumed, can be obtained from standard operating procedures or other 

literature. Subsequently, in-depth interviews should be performed with relevant staff to 

confirm the items. All information obtained should be verified as much as possible by a 

time-motion study or direct observation of the laboratory procedures (see Table 7-2). 

b. Unit (input) costs  

An initial list of potential sources of unit cost information should be derived from the 

interviews informing the laboratory workflow. Following refinement, using further 

information on the facility and relevant literature, create a definitive list containing all 

the unit costs needed and present this list to the key informants (Table 7-2 and Table 

7-3). They can arrange to return the completed list to you, but in practice it is preferable 

to sit with them and extract all the data needed. In order to do the latter, the key 

informant must be contacted in advance and given time to identify all the potential 

databases or documents with the unit cost information, such as procurement lists, 

balance sheets, or invoice books. 
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Table 7-3: List of consumables and reagents for sputum collection, Ziehl-Neelsen smear 
microscopy and MODS culture tests in Indonesia* 

Resource name Unit of 
purchase 

Quantity 
per unit 

Price as new 
(million IDR) 

Quantity per 
test 

Year of 
purchase 

Source/Notes 

N95 masks for staff Box 20 0.5 *each mask 
lasts 1 week 

2014 Hospital balance 
sheet 

Cloth masks for patients & 
family  

Box 50 0.05 2 2014 Balance sheets 

Plastic sputum pots with cover Bag 50 0.175 2 2014 Laboratory technician 

Clear plastic bags for pots 
(12x20cm) 

Box 100 0.15 1 2014 Laboratory technician 

Toilet tissue Roll 1 0.004 *each roll 
lasts 1 week 

2014 Balance sheets 

Lunch box for sputum storage Lunch box 1 0.15 *each box 
lasts ~1 year 

2015 Invoice book 

Alcohol (70%) Bottle – 1 
litre 

1 0.04 *each bottle 
lasts 1 month 

2014 Balance sheets 

Marker Unit 1 0.01 *each lasts ~1 
month 

2014 Invoice book 

Smear glass slides (box- 25x75 
mm, 1.1-1.3 mm thick) 

Box 72 1.44 2 2014 Balance sheets 

Staining kit (Z-N) Box 40 0.2 2 2014 Balance sheets 

Plastic liners for discard bucket Unit 1 0.002 *replaced 
every day 

2014 Balance sheets 

Discard bucket – 5 litres Unit 1 0.03 *each lasts ~1 
year 

2014 Balance sheets 

Applicator sticks – wooden Box 100 0.3 2 2014 Balance sheets 

Staining rack (drying smear) Unit 1 0.125 *each rack 
lasts ~1 year 

2013  

Decontamination reagents 
(hypoclorit) 

Bottle – 1 
litre 

1 0.015 *each bottle 
lasts 1 month 

2014 Balance sheets 

Immersion oil Bottle – 
200 ml 

2 0.025 *each bottle 
lasts 1 week 

2014 Balance sheets 

Paper lens cleaner (for 
microscopes) 

Pack 50 2.5 *each lasts 1 
month 

2013 Balance sheets 

Slide box (to store slides) Box 100 5.0 2 2013 Invoice book 

UV light bulbs Unit 2 0.7 *each bulb 
lasts 1 year 

2014 Balance sheets 

Toner Unit 1  ? 2014  

Paper (A4) Packet 500 
sheets  

0.035 3 2015 Balance sheets 

*Parts a and b of micro-costing Step 5 are incorporated in Table 3 
IDR – Indonesian Rupiah 
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c. Staff 

The job titles (as they would appear on the payroll list) and time spent by each individual 

involved in every stage of the test should be recorded and measured during a time-

motion exercise or by direct observation. The total number of working hours for each 

staff member is needed for calculating their salary per minute. 

d. Recurrent overhead costs 

The amount spent per year at the facility level is needed for all of the recurrent overhead 

costs, including staff compensation, utilities [water and sewerage, electricity, gas, 

communication (telephone and internet)], cleaning and sterilisation, soft inventory 

(linens and uniforms), general office supplies, general laboratory or medical supplies, 

transportation, insurance, rent, administrative activities and food, if applicable. While 

facilities generally have the same types of recurrent overhead costs, assessing how to 

allocate those costs to your test will be a key challenge (see Step 7). 

Step 6. Complete the spreadsheet 

Population of the spreadsheets can begin as soon as data is accessed and adapted to 

your requirements, but the spreadsheets will be completed and refined only after the 

interviews and observations in the laboratory have ended. Refining the spreadsheet 

provides an opportunity to identify any missing data for follow-up (Appendix N). 

Step 7. Calculate mean cost per test 

The greatest challenge for collecting all data needed is that one is often restricted by 

time and so scheduling interviews and observation sessions and accessing all the unit 

cost sources can be onerous. 

Calculation of the resource quantities and unit costs are presented separately and 

combined for calculation of mean cost per test. 
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a. Pulling the resource quantity data together 

The quantity data used in micro-costing studies are staff time, supplies used, square 

footage, number of tests per year and kilometres driven (if transportation of samples is 

involved) (Frick, 2009). This type of data collection can be done by accessing 

administrative databases at a facility, interviews with healthcare providers and 

administrative staff, patient charts, direct observation, time-motion studies or data from 

health worker diaries or logs. 

Values for the number of tests per year for each piece of equipment used for the test of 

interest and for the entire laboratory may not always be available. It is useful to ask 

laboratory personnel to estimate the number of tests performed on an average day and 

multiply that by the number of days of operation per year. 

The outputs of the activity being costed should be quantified (for example, number of 

tests per year) and further enumerated by type of test for each piece of equipment. For 

example, when assessing the proportional usage of a bio-safety cabinet, which is usually 

for sputum samples only, an output number of sputum samples processed per year 

should be obtained. Alternatively, for a centrifuge, which often has shared usage for 

blood and sputum samples for various types of tests, the total number of samples and 

the number of sputum samples processed annually and a subset output of number of Z-

N smear samples and MODS samples (i.e. tests of interest) per year should be obtained. 

The cost allocation for these capital items will then be based on the output activity. 

Other potential data to incorporate into a micro-costing study include the wastage 

proportion of reagents and consumables, re-usage frequency for supplies (e.g. 

microscope plate), staff and equipment down-time, staff waiting time when analysing 

tests, and staff time spent on activities such as administrative or management duties. 

Some top-down costing methods would automatically incorporate these components 

into their mean cost calculations, but diligence is needed in capturing them in a micro-

costing (Cunnama et al., 2016). 
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b. Appropriate cost values 

Salary information, along with allowances, training and benefits, is most often 

obtainable from the human resources department of the organisation, but a laboratory 

manager may know some of these values if they have staff reporting to them directly. 

The laboratory manager may also be able to provide salary ranges, if not the exact 

values, for staff categories, which is useful to obtain if there are time constraints in 

accessing the health facility administrators. Gross salary values are ideal, but if only net 

salary information is available, make a note of this in your data collection tools, along 

with the income tax rate for the country, so that gross salaries can be estimated. Since 

salary information can be sensitive and raises confidentiality concerns, in order to 

expedite the data collection process, it is important to early request that salary data are 

mapped to staff positions (e.g. nurse, midwife, and laboratory technician) rather than 

identifiable individuals. 

Capital costs, including equipment, furniture, laboratory space and vehicles, must be 

annualised; a discount rate, as recommended by the local Ministry of Finance, 3%, was 

applied to the locally determined life expectancy of the capital items in the Indonesian 

case study (Walker and Kumaranayake, 2002). The annual cost of maintenance, 

insurance and any excess freight charges were included before determining the mean 

capital costs allocated to each test. Equipment maintenance costs may be known by the 

laboratory manager, but the capital costs will most likely be available from the 

administrators of the organisation, particularly for older equipment and building values. 

If there is no centralised register to provide the purchase price of capital goods, you or 

the member of staff helping you with data collection will most likely be retrieving this 

information from local dealer estimates, government contracts, or supply records from 

donors or contractors. If any values are missing for equipment, furniture or vehicles, 

using external sources such as manufacturer webpages is an alternative method of 

obtaining capital costs, but these values will be the cost of replacing the goods in the 

present day rather than the purchase price, which you must account for when 

calculating the annual value based on the life expectancy from the time of purchase 

(Creese and Parker, 1994). 
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The unit costs of test-specific items can often be obtained from the laboratory manager 

within a health facility or from the finance, accounting or procurement department of a 

larger laboratory. Expenditure records, rather than budgets are the ideal source. 

The cost data collected are normally from different financial years and in different 

currencies. All values should be converted to a common currency and year, using the 

beginning of the year present value. In our example, both 2014 Indonesian rupiah (IDR) 

and United States dollars (USD) were calculated so that the values would be useful 

within Indonesia and could also be compared against other settings. 

c. Mean cost per test 

The mean cost per test can be calculated according to cost category (Figure 7-1) (as was 

done in the sample workbook – Appendix N, or by sub-procedure (for example, sample 

collection, registration and preparation, decontamination, etc. as shown in Figure 7-2) 

and combined to produce the mean cost of the laboratory test. 

Proportional allocation of annual recurrent overhead costs (excluding staff costs) can 

also be calculated based on the ratio of the total test output of the laboratory. If the test 

you are costing is not routinely performed in the laboratory, an alternative approach 

could be to use the ratio of expected patients by the average number of tests per 

patient. The square footage ratio of utilised laboratory space to the entire hospital or 

facility is a common approach for proportional allocation of annualised building space 

capital costs.  

The mean cost per test is the sum of the total test-specific costs (consumables and 

reagents, equipment and staff) and the allocated capital and recurrent overhead costs 

(see Box 7-2). 
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Setting: In this example, people with suspected tuberculosis in Bandung, Indonesia were referred to the Balai Laboratorium Kesehatan 
(BLK), which is a provincial, government owned referral laboratory. They were tested using the Ziehl-Neelsen (Z-N) smear microscopy 
and microscopic observation drug susceptibility (MODS) culture tests. A wide range of tests are performed at BLK; approximately 
170,000 in 2014, of which 2,501 were Z-N and 481 were MODS tests. 
 
The patients arrived at BLK, registered in the reception area on the ground floor and were instructed by a nurse to produce a sputum 
sample in a sample collection structure (‘outhouse’), approximately 20 metres away from the main building, in the same compound. 
The patients produced a second sputum sample at home early the next morning, which was brought in to the BLK reception within 24 
hours. 
 
Work flow: Sputum samples were taken by the nurse to the second floor, where a technician split each sample in half: for Z-N and 
MODS. The Z-N sample was analysed that day by a technician and results were ready within two to three days. The MODS samples 
were analysed on Mondays and Thursdays by different laboratory staff on the third floor, so these samples were stored prior to 
analysis. A positive MODS result can be ready in as little as a day. However, if the sample was negative, it remained in the solution for 
up to one month before a negative result was confirmed. 
Hardcopies of the Z-N and MODS results were collected from the laboratory by the patient and hardcopies were also stored at the 
laboratory. 
 
Data collection – planning, logistics and understanding the workflow: E-mail communication with the administrators at the BLK about 
the objectives, process and types of data needed for the micro-costing began two months prior to starting the study. Attempts were 
made to establish a list of key informants to be interviewed for the workflow, quantity and cost data collection. Enquiries were also 
made about the process for obtaining permission to interview personnel and collect data. Despite these attempts to have all permission 
and approval paperwork completed and initiate contact with key informants before going to BLK, key informants were only identified 
in the first week of starting the micro-costing. During that first week, the BLK microbiologist performing the MODS test was interviewed 
about the process and quantities when conducting both the Z-N and MODS tests. 
 
Data collection - test quantities and costs: To obtain quantities, specifications and some costs for consumables and equipment, a 
more detailed interview was conducted with the BLK microbiologist in week two. To obtain overhead costs and salary information, 
interviews were conducted with the BLK Head Administrator and Head Doctor in week three. Additional overhead costs were later 
obtained by sending spreadsheets with the information required, for completion by the Head Administrator. 
 
Cost outcome calculation: The mean cost per test (two samples) was determined by combining the test-specific, capital and recurrent 
overhead costs. Costs are in 2014 Indonesian Rupiah (IDR). 

 Supplies, 
consumables 
& reagents 

Equipment Staff Capital 
overhead 

Recurrent 
overhead 

Total costs 

Sputum collection  
– 2 samples 

10,377 141 10,691 12,767 10,767 44,742 

Z-N smear microscopy 
– 2 samples 

69,100 10,660 33,215 5,007 4,222 122,204 

MODS culture  
– 2 samples 

187,297 154,392 43,129 23,468 19,792 428,078 

 
Test-specific costs included consumables, reagents and staff salaries. Staff time, and consumable and reagent quantities were 
determined by interviewing the BLK microbiologist and confirmed by observation of the analysis processes. The value of staff time was 
determined from the salary values given by the Head Administrator at BLK and multiplied by time taken (including waiting time) to 
complete analysis and record results. The Z-N tests were performed in batches of ten and MODS tests were performed twice a week, 
regardless of the number of samples received. 
Capital costs, primarily the equipment used in analysing the AFB and MODS tests, were determined by annualising the equipment. This 
included the purchase price, when obtained or the current market value, which was divided by the life expectancy of the equipment 
(after a 3% discount). The annual cost of maintenance was added to this value. The mean capital cost per test utilising each piece of 
equipment was calculated by dividing the total annualised cost of each piece of equipment by the annual number of tests performed. 
 
Total annual overhead costs for BLK were provided by the Head Administrator. The mean overhead costs per Z-N and MODS tests were 
calculated by multiplying these annual overhead costs by the proportion of the square footage of the respective laboratories on the 
second and third floors of the entire building. This was then divided by the total estimated annual number of Z-N and MODS samples 
analysed respectively by the laboratory. 
 
Lessons learnt: A recent funding application to an external donor for the refurbishment and expansion of BLK meant that most of the 
capital and recurring overhead costs were readily available. This would usually not be the case and a contingency plan needs to be 
made to deal with a lack of this data, for example, excluding overhead costs from the mean cost calculation or applying a mark-up 
value. 

Box 7-2: Indonesia case study: Sputum collection, Ziehl-Neelsen smear microscopy and microscopic 
observation drug susceptibility tests 



Chapter 7: How to do (or not to do) … a micro-costing of laboratory tests 
 

192 

Practicalities of micro-costing 

Several pragmatic considerations emerged from the case studies in relation to transposing 

existing methodological guidance into practice.  

i. Overhead costs – worth the trouble? 

While recurrent overhead costs should ideally be included in the mean cost per test, it 

may prove difficult to obtain the necessary data and make the proportional allocations 

sensibly. In a sample of studies included in a review of smear and culture tests costs for 

multidrug-resistant tuberculosis (Lu et al., 2013) the recurrent overhead cost (excluding 

salaries) proportion of the total mean cost per test ranged between 3% for various sputum 

culture media in South Africa (Chihota et al., 2010) and 99% for smear in Thailand 

(Kamolratanakul et al., 2002). The median proportion was 50% for the 13 laboratory test 

costings that included overhead costs in Thailand, South Africa and Zambia 

(Kamolratanakul et al., 2002, Sohn et al., 2009b, Whitelaw et al., 2011, Mueller et al., 

2008, Chihota et al., 2010). This is in no way representative of all laboratory tests in LMICs, 

but suggests that omitting the overhead costs would produce a substantial 

underestimation of the mean costs and that the effort required to allocate the overhead 

costs is warranted. Yet, only eight of the 19 (42%) LMIC studies included in the review 

explicitly indicated that overhead costs were included. 

Two key factors influencing overhead costs are the size of the organisation hosting the 

laboratory and the degree to which laboratory services are integrated with other services. 

For example, if some laboratory tests are performed in quasi-autonomous 

departments/institutions (e.g. cancer research institute) hosted by a large hospital, but 

with independent financial flows, overheads may be quite important. An alternative 

method for calculating the proportional overhead costs is to add a pre-determined mark-

up (Mogyorosy and Smith, 2005) to the mean cost of the test, which should be based on 

expert opinion familiar with the setting. 
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ii. How to allocate shared costs? 

Allocation of shared costs is not only challenging for overhead costs, but also for the 

reagents used in the laboratory (which are often used for more than one type of test) or 

staff who perform more than one type of test. Several methods for proportional allocation 

exist, but the best method is often unclear. Measuring square footage is a straightforward 

approach for institutional overhead costs whereas the proportion of tests out of total 

performed (output) in that laboratory may inform the allocation of laboratory overheads 

(Creese and Parker, 1994). Activity output allocation however assumes that the different 

tests are of similar complexity and utilise overhead resources equally. Actual utilisation is 

more accurate, but requires a complex internal accounting system, which may not be 

available or easily accessible.  

Both output and square footage was used for overhead cost allocation for the Z-N and 

MODS tests in Indonesia. 

iii. Who are your sources? 

When costing laboratory diagnostic tests, the laboratory manager is the best initial source 

of information, but expanding your list of potential contacts is essential. This list could 

include the financial director, procurement manager of a facility such as a hospital, a grant 

manager in a research hospital, or administrators in a laboratory or hospital. Knowing who 

should be on your list of contacts can only be achieved by having a clear understanding of 

how the organisation or facility works and how the costing study fits into routine services. 

Interviews conducted early in the process with biomedical staff are invaluable in providing 

this orientation, but capturing their input may be difficult as they can be unclear about 

the necessity of their role in the costing activity. They can also provide links or 

introductions to the staff with the required cost information.  
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iv. Economic costs 

It should be ensured that economic or opportunity cost data are being collected and not 

tariffs or prices. In practice, this can be difficult to explain to relevant staff. Communicating 

the difference and the reasons why costs are of interests to economists can require 

several iterations. Once the ideal data sources have been determined, available data 

sources should be mapped and time taken to fully understand their content. 

v. Consider all pathways 

All diagnostic outcomes (true positive, true negative, false positive and false negative) 

(Dowdy et al., 2011) and their entire test pathways, from sample collection to 

communicating the test results, need to be costed. An example of the test pathway occurs 

when a sample is inoculated on three media, and only one of them grows. One then 

performs particular tests specific to that media, for example application of five different 

antibiotics to identify the germ. If the sample responds to two of these antibiotics, one 

then performs an extra test, and so on. At the very least, it is important to distinguish 

between negative and positive tests because they are unlikely to cost the same. Some 

form of probabilistic costing is ideal, where the probability of a test being positive 

(cumulative probability of all node steps being positive) can be calculated. In practice, 

laboratories rarely keep such detailed records that can be aggregated to produce 

summary statistics over a substantial time period, but at the very least the likely difference 

between the costs of various test outcomes should be explored. 

vi. Donated goods and volunteered time 

Lastly, when conducting a micro-costing study, donated goods and volunteered time can 

easily be omitted as it requires additional information to be able to place a monetary value 

on these, but it is important to do so to ensure that the costs are not being 

underestimated. The simplest approach for including the value of donated goods is to find 

the current market value of goods that are most similar and include that value in the 

costing. For volunteered time, the type of activities performed and the level of education 
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typically required to perform those activities would be a suitable way of assessing the 

wages that should be paid to individuals performing similar activities. Another approach 

to placing a value on volunteered time is to determine what paid activity the volunteer 

could be performing were they not volunteering and use the wage they would get as an 

indicator for the value of their time. These elements are often not a  consideration for 

costing laboratory services, but is included here so that it isn’t omitted when costing other 

health service activities, for example vaccination or counselling and testing programmes. 

Discussion 

The steps and examples presented in this paper are not meant to be prescriptive, but 

demonstrate what has been done and can be done in LMIC settings. There may be other 

ways of obtaining costs for laboratory diagnostic tests; the approach chosen must be 

guided by the particular setting, availability of and access to data, format of existing data 

and the skill set available. 

Although our paper gives examples of micro-costing for laboratory diagnostic tests, these 

methods can also be used to cost other publicly provided services, such as vaccine 

delivery, radiology tests, point of care tests, screening activities, etc. 

The most common concerns when performing a micro-costing include accessing the 

appropriate individuals and data; sources and type of cost data; and the nuances of the 

unit cost calculation. 

Micro-costing in LMICs requires that planning activities focus on the logistics of data 

collection, in contrast when conducting similar studies in HICs, where cost accounting data 

are more easily available in suitable formats. This difference affects how a LMIC cost study 

is planned. Well before the study begins, collaborators or key personnel to assist with the 

data collection must be identified and sensitised in order to ensure the required 

methodological standard. Sufficient research time must be allocated for data collection, 

cleaning and analysis, accounting for the need to identify and obtain necessary approvals. 

Interviews, walk-throughs, observations and time-motion studies must be planned 
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accordingly, with a minimum of two visits: one preliminary visit to familiarise yourself with 

the setting and aid with planning, one intensive data collection and potentially a third visit 

for clarification and dissemination. The cost of conducting research must not be neglected 

and all of these planning considerations will impact on the budget required to perform a 

micro-costing.  

Micro-costing health services in general, and laboratory tests in particular, are not solely 

a spreadsheet exercise. The process can engage a large number of clinical and non-clinical 

stakeholders who contribute to various stages of the cost calculation. Costing is also an 

iterative process where data inputs and analysis require constant validation and 

adjustment. For these reasons, building an effective and sustainable working relationship 

with the relevant stakeholders is paramount. You may achieve this by identifying the 

nature of stakeholders’ own interest in cost data and designing the costing exercise so 

that its intermediate or final outputs can be of use to them. Engaging collaborators or key 

informants with an interest in cost data and a good working knowledge of the facility’s or 

organisation’s culture can also prove invaluable in gaining trust and facilitating the data 

collection process. 

Conclusion 

Costing laboratory tests is difficult in high-income countries and even more so in resource-

constrained settings. Our experience suggests that micro-costing in LMICs is just as much 

a social as a technical enterprise. The framework proposed in this paper attempts to 

bridge the gap between methodological guidance and the practicalities of costing in order 

to facilitate efficient acquisition of the required cost information. There is no substitute 

for thorough operational planning of micro-costing studies, which accounts for the 

organizational realities of the organisation. Otherwise, the promise of high accuracy that 

micro-costing holds is likely to be largely offset by disproportionately intensive labour and 

questionable outputs.  

 

End of Research Paper 2 
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Chapter 8 Costs per accurate diagnosis of bi-directional screening in 

Indonesia and Romania: integrating tuberculosis and diabetes 

services 

Preamble to Research Paper 3 

Screening people with TB for DM seems to be the favoured pathway for identifying 

concurrent TB and DM, particularly with an increasing awareness of the clinical and 

economic challenges of TB-DM within the TB community. However, the risk of missing 

TB in people with DM cannot be denied if DM programmes are not equipped with the 

information and resources to identify TB. 

This paper assessed the costs and accuracy of the algorithms and testing pathways in 

order to identify the greatest number of patients with concurrent disease for the least 

amount of money. 
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Abstract 

Introduction: There is an emerging syndemic of tuberculosis (TB) and diabetes mellitus 

(DM), but screening protocols are not well established. The cost per accurate diagnosis 

of either disease is expected to decrease as the underlying prevalence of the disease in 

the population increases. We compared the mean costs per accurate diagnosis of 

various screening algorithms in Indonesia and Romania for detection of concurrent 

pulmonary TB (PTB) and DM. 

Method: Four TB tests were administered to people with diagnosed DM. Two risk 

scores, three point of care (POC) tests and two blood tests were used to assess people 

with newly diagnosed TB for DM. In Bandung, Indonesia, people with newly diagnosed 

TB were recruited and screened for DM from a TB research clinic at a teaching hospital 

and the directly-observed therapy, short–course clinics at two general hospitals. 

Patients visiting the DM clinic at a referral hospital were screened for active TB in the 

hospital’s radiology department and in the adjacent reference laboratory. Study 

participants in Romania were recruited, screened and treated at four government 

hospitals. DM in-patients at two general hospitals in Craiova were screened for active 

TB. People being treated for active TB a sanatorium in Gorj county and an infectious 

diseases hospital in Dolj country, were screened for DM. The diagnostic accuracy 

(sensitivity and specificity) of each test was determined individually and for combined, 

stepped diagnostic algorithms, established from consultation with disease specialists 

and the literature. The diagnostic accuracy for the DM tests were determined against a 

gold standard of two laboratory glycated haemoglobin tests and for TB tests against the 

gold standard of smear microscopy followed by culture. Micro-costing of each test was 

performed from a provider perspective. 

Results: In Indonesia, the lowest cost per accurate diagnosis of active PTB was US$ 3.74 

for a single symptom screen. For combined TB tests the lowest cost was US$ 17.93 for 

an algorithm of TB symptom screen and smear microscopy. No TB cases in individuals 

with confirmed DM were identified in Romania. For DM screening, the age screen and 

the urine dipstick had the lowest costs per accurate diagnosis for an individual test at 

US$ 0.08 and US$ 1.18, respectively in Indonesia and US$ 1.06 and US$ 1.85, 

respectively in Romania. DM screening algorithm with the lowest cost per accurate 
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diagnosis was age screen with POC random plasma glucose (RPG) at US$ 1.49 in 

Indonesia and US$ 5.64 in Romania. The Omani risk score, which included age and four 

additional risk screens, combined with the POC RPG was US$ 2.59 per case accurately 

diagnosed in Indonesia. The algorithm of urine dipstick with two successive laboratory 

HbA1c tests amounted to US$ 10.87 per accurate diagnosis in Romania. 

Conclusion: The cost per accurate diagnosis is lower when screening people with TB for 

DM than screening people with DM for TB. These results can inform the design of 

screening interventions for concurrent TB-DM within National TB Programmes. 

 

Running head: Costs per accurate diagnosis of concurrent TB and DM 

Manuscript word count: 5,512 

Key words: provider costs, tuberculosis, diabetes, bi-directional screening, diagnosis, 

Indonesia, Romania, cost per accurate diagnosis, integration, TB-DM 
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Introduction 

Globally, between a third and a quarter of the population is estimated to have latent 

tuberculosis infection (LTBI) and there were 10.4 million incident cases of active 

tuberculosis (TB) in 2015, of which India, Indonesia and China accounted for 45% 

(Houben and Dodd, 2016, WHO, 2016a). Just as strikingly, in 2015 there were an 

estimated 415 million adults with diabetes mellitus (DM) and an additional 318 million 

at risk of DM (IDF, 2015). 

The prevalence of DM in people with TB has a wide range. In a Ugandan study the value 

was 9% for adults 18 to 65 years old diagnosed using a point of care (POC) random blood 

sugar glucometer (defined as ≥ 200 mg/dL) (Kibirige et al., 2013). The value was much 

higher in Kerala, India at 44% for people 15 years and over, diagnosed using the 

laboratory glycated haemoglobin (HbA1c) test (defined as ≥ 6.5%) (Balakrishnan et al., 

2012).  

There are few published data on TB prevalence in people with DM (WHO, 2015b). 

Historical reports from the 1950s and 1960s cite prevalence rates from 4% in people 40 

years and over detected by chest radiography (CXR) in Sweden, to 36% in the same 

population and using the same screening test in Korea (Jeon et al., 2010). More recent 

studies show a narrower range between <1% in India and 6% in Ethiopia for smear 

positive TB (Jali et al., 2013, Amare et al., 2013). 

The risk of TB infection is approximately three-fold greater if an individual has DM due 

to depressed immunity (Jeon and Murray, 2008). Moreover, these patients may have 

worsened TB treatment outcomes (Baker et al., 2011). One of several reasons for an 

increased risk of DM in people with TB is prolonged stimulation of the inflammatory 

system, which ultimately decreases insulin production (Young et al., 2009). While the 

association between TB and DM is recognised, the temporal relationship between the 

two diseases is difficult to ascertain and an optimal treatment regimen is therefore not 

yet established. 
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Several studies report the cost and cost-effectiveness of various TB diagnostics (Lu et al., 

2013, Molicotti et al., 2014, Nienhaus et al., 2011). Cost and cost-effectiveness studies 

of DM risk score and other DM tests are solely from high-income countries (Icks et al., 

2004, Gillies et al., 2008, Zhang et al., 2003). No studies have shown the cost of 

integrating TB screening into chronic disease programmes or the cost of integrating DM 

screening into TB treatment programmes, including Directly Observed Therapy, Short 

Course (DOTS). However, the cost effectiveness of diagnostic tests is expected to vary 

according to the prevalence of the underlying disease of interest (Xie et al., 2017).  

Our study objectives were to determine and compare the costs of accurate diagnosis of 

various TB and DM integrated screening strategies in Indonesia and Romania. Data were 

collected as part of TANDEM (Concurrent Tuberculosis and Diabetes Mellitus: 

unravelling the causal link and improving care). TANDEM was a multi-disciplinary project 

generating evidence to enhance clinical care and management of concurrent TB and DM 

(van Crevel and Dockrell, 2014b). This part of the study was undertaken in two TB 

endemic countries with an increasing prevalence of DM: Indonesia (TB incidence 395 

per 100,000 population; DM prevalence 6.2% adult population) and Romania (TB 

incidence 84 per 100,000 population; DM prevalence 7% adult population). 

Methods 

Setting and patient selection - the TANDEM project 

TANDEM participants were recruited to a cross-sectional study between December 2013 

and June 2016. The sampling frame was all people 18 years and older with new or 

existing type 2 DM were screened for TB and all people 18 years and older with newly 

diagnosed active pulmonary TB within 72 hours of treatment initiation were screened 

for DM at the participating facilities in Indonesia and Romania. The sample size and 

study power were calculated assuming a 95% confidence interval with precision of +/- 

0.15 at each site using the exact mid-P method. Further details on the sampling are given 

in an accompanying paper by Grint et al. (submitted to Lancet Diabetes Endocrinology 

(Feb 2017)). 
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In Bandung, Indonesia, 33 government health facilities were involved in TANDEM 

(Appendix O). People with suspected TB were referred from 29 primary health centres 

(Puskesmas) to a TB clinic at the Universitas Padjadjaran Teaching Hospital for TB 

confirmation and DM screening. People with newly diagnosed TB were also recruited 

at DOTS clinics in Hasan Sadikin Hospital (RSHS) and Ujung Berung District Hospital. 

Patients visiting the DM clinic at RSHS were screened for TB in the radiology 

department and in the adjacent Balai Laboratorium Kesehatan (BLK) building. 

In Romania, study participants were recruited, screened and treated at five government 

hospitals (Appendix P). People with DM were treated as in-patients at the Emergency 

County Hospital, Craiova (Hospital #1) and the Craiova Philanthropic Municipal Hospital 

(Hospital #2). People with TB were treated at the Tudor Vladimirescu Runcu Hospital for 

Lung Diseases in Gorj county (also called a sanatorium) and Victor Babes Clinical Hospital 

for Infectious Diseases and Pneumology in Dolj county. All patients with TB were treated 

as in-patients for at least 30 days or until their sputum smear was negative. The 

remaining five months of TB treatment was through outpatient dispensaries where 

pneumologists saw patients once per month. DM consultations, glucometers with strips 

and DM prescriptions were free of charge to patients, but blood and urine tests, as well 

as administrative fees and some inpatient care, required out-of-pocket payments from 

patients (Donicova et al., 2011). In Indonesia, services were free and TANDEM patients 

were reimbursed for their travel costs with a standard fee of IDR 25,000 Rupiah (US$ 

1.92) per visit. Patients in Romania were not compensated. 

Screening tests and laboratory diagnostic procedures 

A range of data that increases the risk of DM was collected for all people with TB. This 

allowed established risk scores with a high AUC (FINDRISC) (Brown et al., 2012) and 

those that had socio-economic settings that were more similar to the TANDEM 

populations (Indian Risk Score and the Omani Risk Score), as well as new risk scores to 

be assessed for each patient. In addition to the two risk scores developed from TANDEM 

data (Full TANDEM Score and the Restricted TANDEM Score), the Omani Risk Score was 

chosen for this analysis since it performed the best when applied to data from all four 

TANDEM countries combined ((Grint et al., submitted to Lancet Diabetes Endocrinology 
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(Feb 2017))). The Omani risk score screened patients on age, DM family history, body 

mass index (BMI), waist circumference and current hypertension (using systolic and 

diastolic blood pressure readings) (Al-Lawati and Tuomilehto, 2007). The additional DM 

screening and diagnostic tests performed on all patients were the POC random plasma 

glucose (RPG), fasting blood glucose (FBG), POC urine dipstick, POC HbA1c and laboratory 

HbA1c (Appendix Q). 

People with DM were screened for TB using symptom screen and chest x-ray (CXR). 

Anyone with abnormal CXR were required to produce two sputum samples for the Ziehl-

Neelsen (ZN) smear microscopy and culture tests; microscopic observation drug 

susceptibility (MODS) in Indonesia and the Lowenstein Jensen (L-J) in Romania. Latent 

TB screening was done using Interferon Gamma Release Assay (IGRA) in Indonesia and 

tuberculin skin test (TST) in Romania. 

The POC RPG and POC HbA1c tests were not used in routine service in any of the study 

facilities. The urine dipstick test was routinely used, but not by clinicians, which was the 

procedure in TANDEM. Laboratories in both countries routinely performed both FBG 

and laboratory HbA1c, although not for people with TB. CXRs were routinely available in 

all study facilities. TB smear and culture tests were only performed in specialised 

hospitals in Romania. Hence, DM in-patients had to be transported by ambulance to the 

Victor Babes Infectious Diseases Hospital in Craiova for collection and analyses of 

sputum samples. In Indonesia, smear and solid culture tests were available at the 

Puskesmases and the RSHS Referral Hospital. 

Case definitions 

Definite TB was defined as positive sputum culture (Figure 8-1). Probable TB was defined 

as positive sputum smear and possible or typical TB on CXR. The gold standard for TB 

diagnosis was smear microscopy followed by a positive sputum culture on at least one 

of two sputum samples collected. 

Two laboratory HbA1c performed on different days was the gold standard for DM 

diagnosis. The case definition was a result of 6.5% or greater for either laboratory HbA1c 
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test.  In order to comply with the National Glycohemoglobin Standardization Program 

(NGSP), blood samples were analysed using ion exchange high-performance liquid 

chromatography at private laboratories in both Indonesia (Prodia) and Romania 

(Bioclinica) (NGSP, 2010). Prodia is internationally certified by the NGSP while Bioclinica 

has been certified by the German quality assurance company, Instand eV. Of the two 

diagnostic tests used in TANDEM, FBG and laboratory HbA1c, the laboratory HbA1c is a 

more acceptable gold standard for people with TB. The required overnight fasting for 

FBG is not only inconvenient, but also physically difficult in this population. Laboratory 

HbA1c and FBG are equally effective for early detection of type 2 DM (Bennett et al., 

2007). 

Figure 8-1: TB case definitions in TANDEM 

 

Cost data collection 

Cost data were collected between February 2014 and July 2015 using the ingredients 

approach from a provider perspective. Costs were converted into 2014 US dollars using 

exchange rates of 1 US$ = 12,420 Indonesian Rupiah and 1 US$ = 3.66 Romanian Leu 
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(OANDA, 2016). In any situation where the mean cost for a test was produced for more 

than one facility, the average and variability (i.e. standard deviation) of the costs were 

presented. 

Test-specific costs 

Resource quantities for reagents, consumables and equipment in health clinics, patient 

wards and laboratories were obtained by interviewing health professionals performing 

the tests. Time associated with the various activities within each test was also 

determined from interviews. Quantities and staff time were validated by observing and 

timing each activity on at least one occasion.  Equipment costs were gathered from 

financial directors of clinics, laboratories and hospitals. Unit costs of reagents and 

consumables were obtained from the respective Procurement Departments. Items 

purchased specifically for the study were obtained from invoice books kept by TANDEM 

administrators. Since the laboratory HbA1c blood analyses were performed at private 

laboratories, the price charged was used. Blood sample transportation was included in 

the price in both countries. 

Overhead costs 

Overhead costs were categorised as either capital or recurrent. Capital costs were 

collected from facility asset or expenditure records and included building space, land, 

computers, furniture, general medical equipment, non-medical equipment and vehicles. 

Recurrent costs gathered from expenditure records included utilities, cleaning, 

sterilisation, and office supplies. Salaries were extracted from Human Resources payroll 

databases. See Appendix R for detail by country. 

Useful life of capital goods was estimated in line with WHO-CHOICE values (Johns et al., 

2003, WHO, 2000), unless otherwise indicated by local personnel. Small equipment (e.g. 

computer, pipette holder, radiology film cassette) were valued at five years, vehicles at 

seven years, large equipment (e.g. refrigerator, air conditioner) at 10 years, buildings at 

30 years and land at 50 years. All of these items were annualised using a 3% discount 

rate (Tan-Torres Edejer et al., 2003). 
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Overhead costs were allocated to patient screening and sample collection based on the 

physical space used. For laboratories the volume of tests performed as a proportion of 

total annual tests was used as allocation factor.  

We assumed 227 and 253 working days in Indonesia and Romania, respectively, with 

clinics and laboratories operating between 6.5-10.0 hours per day. 

Stepped diagnostic algorithms 

Stepped diagnostic algorithms were developed to simulate how bi-directional screening 

and diagnosis could occur in routine practice. 

Screening for TB in people with DM 

Stepped diagnostic algorithms included various combinations of TB symptom screen, 

CXR, smear microscopy and sputum culture. For each algorithm, only patients with 

positive samples from the subsequent test were assumed to continue screening. 

Exceptions were smear microscopy and sputum culture; if both tests were included in a 

particular algorithm, all smear samples would have a sputum culture, as was routine 

procedure in the study facilities. Smear microscopy was always performed before 

sputum culture if both tests were in the algorithm. If TB symptom screen was in the 

algorithm, it was always the first test performed. 

Screening for DM in people with TB 

Stepped diagnosis for DM tests included various combinations of Omani DM risk score, 

the three POC tests (RPG, HbA1c and urine dipstick) and the two laboratory tests (FBG 

and HbA1c). Grint et al. (submitted to Lancet Diabetes Endocrinology (Feb 2017)) found 

that screening for age (≥40 years) alone was statistically significant in identifying DM in 

people with TB as this cut-off value maximised the best overall diagnostic accuracy and 

provided at least 80% sensitivity. Therefore, the single risk screen of age ≥40 years was 

also included in the diagnostic algorithms. Two restrictions were that the screening tests 

(age screen, Omani DM risk score, and POC tests) always preceded the diagnostic tests 

(FBG and laboratory HbA1c) and that the Omani DM risk score, if included, should always 
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precede all other tests. The order of the other screening tests was not relevant because 

their outcomes did not impact on each other clinically and practically. 

In stepped clinical practice scenarios, people with TB were screened for DM by either 

POC RPG, POC urine dipstick, Omani risk score or POC HbA1c. If these values were above 

the cut-off values, patients were tested by either two laboratory HbA1c tests, one 

laboratory HbA1c followed by a FBG test, or two FBG tests. For additional information on 

these analyses, see Grint et al. (submitted to Lancet Diabetes Endocrinology (Feb 2017)). 

Analysis 

Diagnostic accuracy of each test was determined from data collected between 

December 2013 and February 2016 in Indonesia and February 2014 to June 2016 in 

Romania. Sensitivity and specificity calculations for each test were derived from the true 

positive and true negative values when compared to the TB and DM diagnostic gold 

standard tests. 

For the POC random tests, the HemoCue® machine used in Indonesia produced both 

capillary and venous plasma but the Quo-TestTM A1c used in Romania produced capillary 

only. Venous plasma was the preferred measure but since it was not available in 

Romania and the glucose estimation in whole blood is approximately 10-15% lower, a 

conversion factor of 1.12 was used to convert the capillary reading to a plasma reading 

before comparing the tests for the two countries (Kotwal and Pandit, 2012). 

The mean cost per accurate diagnosis was calculated by dividing total cost of diagnosing 

all study participants using each test or algorithm by the number of true positive and 

true negative diagnoses. When any given test was performed at more than one of the 

study facilities in a country, the average cost between facilities was used. 

TANDEM patient records were stored and managed in the web-based database system, 

Research Electronic Data Capture (REDCap version 6.9.1; Vanderbilt University, TN, USA, 

2016). Costs were analysed in Excel (Microsoft Corporation, Redmond, WA, USA, 2016). 
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Patient characteristics and diagnostic accuracy were analysed using Stata 14.1 Special 

Edition (StataCorp LP, College Station, TX, USA, 2015). 

Ethics 

Ethical approval was received from the London School of Hygiene and Tropical Medicine 

Research Ethics Committee, the Health Research Ethics Committee, Faculty of Medicine, 

Universitas Padjadjaran, Bandung, Indonesia and the University of Medicine and 

Pharmacy of Craiova Committee of Ethics and Academic and Scientific Deontology, 

Romania.  
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Results 

In Indonesia and Romania there were 809 and 603 people with DM, respectively and 

771 and 504 people with TB, respectively, being screened for concurrent disease. The 

relationship between patient characteristics and baseline disease status is presented in 

detail in Appendix S, Appendix T and Appendix U. 

Diagnostic accuracy 

Sensitivity and specificity of TB and DM tests, along with their cut-off values, are shown 

in Table 8-1. For DM, the POC RPG was the most sensitive test in Indonesia (92.5% [95% 

CI: 79.6 to 98.4]) and the Omani risk score in Romania (82.5% [95% CI: 70.1 to 91.3]). 

The urine dipstick was excellent at identifying people without DM in both countries 

(99.5% [95% CI: 98.6 to 99.9] specificity in Indonesia and 100% [one-sided 97.5% CI: 98.2 

to 100] in Romania). The POC HbA1c test performed even better in Indonesia, with a 

100% sensitivity [one-sided 97.5% CI: 91.0 to 100]. 

TB screening and diagnostic tests 

Out of 809 people with DM who were screened for TB in Indonesia, 32% (256) were 

positive for latent and eleven were positive (definite and probable) for active TB (1.4%). 

A CXR was obtained for 802 of the people with DM, 11.0% of whom had an irregular 

CXR. Two sputum smear samples were produced by 106 people with DM, of which 4.7% 

were smear positive and 10.3% had a positive MODS culture. In the stepped diagnosis 

algorithm, TB symptom screen followed by CXR yielded the most cases of previously 

undiagnosed DM (n=57), of which nine of the ten true positives were included. The TB 

symptom screen, CXR and ZN smear identified the largest number of true negatives (775 

out of 799). 

No people with DM were diagnosed with active TB in Romania, which meant that the 

diagnostic accuracy of TB tests could not be determined. However, almost half (49%) of 

the 584 TST results showed LTBI. 
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Table 8-1: Sensitivity and specificity of screening and diagnostic tests for tuberculosis and diabetes mellitus in Indonesia and Romania 

  Sensitivity Specificity: 

        Indonesia Romania Indonesia Romania 

  Test Cut-off   95% CI   95% CI   95% CI   95% CI 

TB
 t

e
st

s 

1 TB symptom screen 
any symptom 90.9 58.7  to  99.8 NA NA NA 54.9 51.4  to  58.4 NA NA NA 

2 Chest x-ray (CXR) Abnormal suggestive 
and possible active TB 90.9 58.7  to  99.8 NA NA NA 90.1 87.8  to  92.1 NA NA NA 

3 Smear microscopy 
scanty, 1+, 2+, 3+ 36.4 10.9  to  69.2 NA NA NA 99 94.5  to  100 NA NA NA 

4 Sputum culture 
positive 90.9 58.7  to  99.8 NA NA NA 100 95.8  to  100* NA NA NA 

D
M

 t
e

st
s 

1 Age 
≥ 40 82.5 67.2  to  92.7 81.0 68.6  to  90.1 63.1 59.2  to  66.9 47.9 42.7  to  53.1 

2 Omani risk score ≥ 7 84.2 68.7  to  94 82.5 70.1  to  91.3 57.9 53.9  to  61.9 46.1 41  to  51.3 

3 
Point of care random 
plasma glucose (POC RPG) ≥ 6.1 mmol/l 92.5 79.6  to  98.4 71.7 57.7  to  93.2 75.9 72.4  to  79.2 39.0 33.9  to  44.3 

4 
Fasting blood glucose 
(FBG) ≥ 7 mmol/l 64.3 35.1  to  87.2 32.8 21.0  to  46.3 94.5 88.4  to  98 86.7 82.8  to  89.9 

5 Urine dipstick ≥ trace 35.0 20.6  to  51.7 8.3 1.0  to  27 99.5 98.6  to  99.9 100.0 98.2  to  100 

6 
Point of care glycated 
haemoglobin (POC HbA1c) ≥ 6.5% 100.0 91.0  to  100* 43.1 29.3  to  57.8 63.5 59.6  to  67.3 87.1 83.1  to  90.4 

7 
Laboratory glycated 
haemoglobin (HbA1c) ≥ 6.5% 100.0     100.0     100.0     100.0     

TB-tuberculosis; DM-diabetes mellitus; NA-not applicable 
*One-sided, 97.5% confidence interval
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DM screening and diagnostic tests 

In Indonesia, there were 671 patients with TB with no known previous DM with a 

laboratory HbA1c test result available. This yielded 40 people (6.0%) with newly 

diagnosed DM. 28.2% had a positive result with the POC RPG test, 2.6% with urine 

dipstick, 44.6% with Omani risk score, 39.6% with age screen, and 40.2% with POC HbA1c 

test. The FBG and repeated FBG diagnostic tests yielded few cases of undetected DM 

because only 19% of the 671 people with TB were indicated (where RPG≥6.1 mmol/l) to 

provide a first sample and 1% a second sputum sample.  

In Romania 436 patients with TB and no previous DM had a laboratory HbA1c test result; 

13.3% of these were diagnosed with DM. For patients with POC RPG test result, 62.4% 

were positive, 0.9% with urine dipstick, 57.6% with Omani risk score, 16.8% with POC 

HbA1c, and 56.0% were 40 years or over. A greater proportion of FBG samples were 

produced in Romania (first FBG 99%; repeated FBG 72%) than in Indonesia. 

Unit costs of screening and diagnostic tests 

TB screening and diagnostic tests 

The mean incremental cost of introducing TB symptom screening for people with DM 

in an Endocrinology clinic in Indonesia was US$ 2.07. For DM in-patients at a hospital 

in Romania this was US$ 7.50 (Table 8-2). A film CXR costs US$ 17.51 in Indonesia while 

a digital CXR in Romania is three times more expensive at US$ 56.78 (SD=US$ 4.69). In 

Indonesia, staff accounted for 84% of the CXR costs while in Romania the majority 

were overhead recurrent costs at 35%, with staff accounting for 24%. In contrast to the 

other TB tests, the sputum smear and culture tests were approximately half the costs 

in Romania than in Indonesia. This is because sputum collection and smear microscopy 

were performed in specialised Romanian TB hospitals where there is a high volume of 

sputum samples and staff were proficient in performing the smear microscopy. For 

culture tests, solid L-J culture was done in Romania while MODS was used in Indonesia. 

However, as MODS is not the routine test used for suspected TB in Indonesia, the 

volume of tests performed was not maximised and equipment and some supplies (i.e. 
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gloves and masks) were being underutilised. The costs per MODS test amounted to 

US$ 33.  

For detection of LTBI, the IGRA test in Indonesia was US$ 58.75, which was 

approximately 22% more than TST for detecting LTBI in Romania. Mean costs were 

largely driven by the costs of reagents and supplies, accounting for approximately 87% 

in both tests. 
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Table 8-2: Mean costs per patient for tuberculosis screening in people with diabetes - Indonesia and Romania (2014 USD) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TB-tuberculosis; DM-diabetes mellitus; RSHS-Hasan Sadikin Hospital; UNPAD-Universitas Padjadjaran Teaching Hospital; USD-United States dollars; SD-standard deviation 
IGRA-Interferon gamma release assay; TST-tuberculin skin test; ZN-Ziehl-Neelsen stain; MODS-microscopic observation drug susceptibility; L-J-Löwenstein Jensen medium 
λRSHS Endocrinology Clinic  
μRSHS Radiology Department   
πBalai Laboratorium Kesehatan  
ρRSHS Endocrinology Clinic (blood draw); UNPAD Immunology Laboratory (blood analysis)  
αMean of Hospital #1 & Hospital #2   
βVictor Babes Hospital  
*Capital overhead cost composition explained in Annex 4 
**Recurrent overhead cost composition explained in Annex 4 

  Reagents and supplies Equipment Staff Overhead: capital* Overhead: recurrent** Total 

Indonesia 

TB symptom screenλ 0.54 0.02 0.74 0.76 0.01 2.07 
Chest x-rayμ 1.61 0.27 14.65 0.97 0.01 17.51 
Sputum collection  
– 2 samplesπ 

0.80 0.01 0.82 0.98 0.83 3.43 

Sputum smear (ZN)  
– 2 samplesπ 

5.30 0.82 2.55 0.38 0.32 9.37 

Sputum culture (MODS)  
- 2 samplesπ 

14.37 11.84 3.31 1.80 1.52 32.83 

IGRAρ 51.56 0.10 6.53 0.55 0.01 58.75 

Romania – Average 

TB symptom screenα 

(SD) 
0.90 

(0.06) 
0.08 

(0.32) 
3.09 

(0.60) 
0.33 

(0.90) 
3.10 
(0) 

7.50 
(0.90) 

 

Chest x-rayα 

(SD) 
0.10 

(9.57) 
2.34 

(5.28) 
14.13  
(6.98) 

4.70 
(4.69) 

35.51 
(0) 

56.78 
(4.69) 

 

Sputum collection  
– 2 samplesβ 

0.12 0.19 0.85 0.37 0.88 2.42 

Sputum smear (ZN)  
– 2 samplesβ 

1.60 0.14 1.67 0.37 0.88 4.66 

Sputum culture (L-J)  
- 2 samplesβ 

9.43 0.16 7.77 0.37 0.88 18.62 

TSTα 

(SD) 
41.67 
(0.58) 

0.53 
(0.19) 

2.71  
(1.50) 

0.26  
(0.87) 

2.97 
(0) 

48.15 
(0.87) 
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DM screening and diagnostic tests 

In Indonesia, mean incremental costs of implementing DM screening into DOTS clinic was US$ 

0.70 for Omani risk score, US$ 0.65 for urine dipstick and US$ 1.06 for POC RPG (Table 8-3). The 

costs of POC HbA1c was substantially higher at US$ 7.19, explained by the high cost of the test 

cartridge (95%). Costs of FBG were US$ 2.06 and laboratory HbA1c US$ 14.55. Staff time 

accounted for 53% of the FBG cost. The majority (95%) of the laboratory HbA1c cost was the 

price charged by a private laboratory. The costs of the screening tests in Romania were 

between two and ten times more expensive than in Indonesia, largely due to staff time cost 

and recurrent overheads, which were seven and 24 times higher, respectively. However, while 

FBG was four times more expensive in Romania, the laboratory HbA1c test was 38% cheaper in 

Romania, with the blood sample analysis at the private facility costing half of that in Indonesia. 
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Table 8-3: Mean direct medical provider costs per patient for diabetes screening in people with tuberculosis - Indonesia and Romania (2014 USD) 

  
Reagents 

and Supplies 
Equipment Priceα Staff 

Overhead: 
capital* 

Overhead: 
recurrent** 

Total 

Indonesia 

Omani diabetes risk score… 0.01 0.05 NA 0.50 0.14 0.00 0.70 

POC RPG… 0.75 0.13 NA 0.14 0.04 0.00 1.06 

FBG⁞ 0.83 0.03 NA 1.09 0.11 0.00 2.06 

Urine dipstick… 0.48 0.01 NA 0.13 0.03 0.00 0.65 

POC HbA1c
… 6.90 0.05 NA 0.19 0.05 0.00 7.19 

Laboratory HbA1c
… 0.46 0.03 13.81 0.20 0.06 0.00 14.55 

Romania - AVERAGE 

Omani diabetes risk scoreβ 0.02 0.01 NA 4.28 0.04 0.05 4.41 

(SD) (0.01) (0.02)  (2) (0.05) (0.05) (2.08) 

POC RPGβ 0.84 0.09 NA 0.87 0.01 0.02 1.83 

(SD) (0.07) (0.05)  (0.1) (0.01) (0.01) (0.25) 

FBGβ 1.14 0.11 NA 6.49 0.17 0.23 8.15 

(SD) (0.11) (0.05)  (1.95) (0.14) (0.09) (2.12) 

Urine dipstickβ 0.93 0.07 NA 0.64 0.01 0.01 1.67 

(SD) (0.17) (0.1)  (0.4) (0.01) (0.01) (0.69) 

POC HbA1c
β 8.53 1.52 NA 1.74 0.02 0.02 11.83 

(SD) (0.45) (0.12)  (1) (0.02) (0.02) (1.36) 

Laboratory HbA1c
β 0.64 0.23 6.86 1.26 0.02 0.02 9.03 

(SD) (0.13) (0.11) (0.12) (0.17) (0.02) (0.02) (0.15) 
DM-diabetes mellitus; TB-tuberculosis; USD-United States dollars; SD-standard deviation; POC-point of care; NA-not applicable 

RSHS-Hasan Sadikin Hospital; DOTS-directly observed therapy, short-course; RPG-random plasma glucose; FBG-fasting blood glucose; HbA1c-glycated haemoglobin 
αPrice of lab HbA1c analysis by private laboratory 
βMean of Runcu Hospital & Victor Babes Hospital 
…RSHS DOTS Clinic 
⁞RSHS DOTS Clinic (blood draw); RSHS Clincal Pathology Laboratory (sample analysis) 

*Capital overhead cost composition explained in Annex 4 

**Recurrent overhead cost composition explained in Annex 4 
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Cost per accurate diagnosis  

TB screening and diagnostic tests 

In Indonesia, the algorithm of TB symptom screen followed by two ZN sputum smears 

had the lowest cost per accurate diagnosis (US$ 17.93), and the incremental cost of 

adding the two smear tests was US$ 14.20 (Table 8-4). The complete algorithm with TB 

symptom screen, CXR, two smears followed by two MODS cultures had the highest cost 

per accurate diagnosis (US$ 74.75) (Figure 8-2a). This algorithm diagnosed two 

additional true positives out of 809 patients screened compared to TB symptom screen, 

CXR and two ZN smears, at an incremental cost of US$ 35.17 per accurate diagnosis 

(Table 8-4). The algorithm of CXR followed by two ZN sputum smears was US$ 33.91 per 

accurate diagnosis (Figure 8-2b). The reverse of two ZN smears followed by a CXR 

diagnosed the same number of true positives with only marginally higher costs at US$ 

35.86. Hence, there was only a small difference in costs per accurate diagnosis when the 

order of the same tests was reversed. 

The cost per accurate diagnosis of the gold standard of two ZN sputum smears followed 

by two MODS cultures on all smear samples was 2.5 times higher than the option of TB 

symptom screen followed by two sputum smears. 
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Table 8-4: Cost per accurate diagnosis of tuberculosis screening and diagnostic tests in people with diabetes - Indonesia (2014 USD) 

  Algorithm 
Total # of people 

screened Sensitivity Specificity Unit cost Total cost 
Cost per 

TP 
Cost/accurate 

diagnosis (TP + TN) 
Incremental cost  

(TP + TN) 

 Smear 112 0.364 0.989 $12.82 $1,397.38 $349.35 $13.97   

GOLD 
STANDARD 

Smear 
Culture 

112 0.556 1.000 $45.66 $4,697.80 $722.08 $47.99 
$34.01 

 Symptom screen 809 0.909 0.549 $2.07 $1,674.63 $167.46 $3.74   

TB
 t

e
st

s 

I 
Symptom screen 
CXR 

809 0.818 0.940 $19.58 $8,083.29 $879.54 $23.95 
$20.22 

II 

Symptom screen 
CXR 
Smear microscopy 

809 0.273 0.999 $32.40 $8,583.27 $1,046.20 $39.58 
$15.62 

III 

Symptom screen 
CXR 
Smear microscopy 
Culture 

809 0.471 1.000 $65.24 $9,831.19 $1,228.87 $74.75 

$35.17 

CXR 802 0.909 0.901 $17.51 $14,043.02 $1,404.30 $19.42   

IV 
CXR 
Smear microscopy 

802 0.364 0.999 $30.33 $14,825.04 $1,599.81 $33.91 
$14.48 

V 

CXR 
Smear microscopy 
Culture 

802 0.500 1.000 $63.17 $16,779.02 $1,848.19 $67.59 
$33.69 

Symptom screen 809 0.909 0.549 $2.07 $1,674.63 $167.46 $3.74   

VI 
Symptom screen 
Smear microscopy 

809 0.273 0.998 $14.89 $2,732.28 $520.01 $17.93 
$14.20 

VII-a 

Symptom screen 
Smear microscopy 
Culture 

809 0.529 1.002 $47.73 $5,129.60 $825.48 $51.22 
$33.29 

VII-b 

Symptom screen 
Smear microscopy 
CXR 

809 0.273 0.998 $32.40 $2,802.32 $543.36 $41.28 
$23.35 

VIII 

Symptom screen 
Smear microscopy 
Culture 
CXR 

809 0.375 1.000 $65.24 $5,252.17 $845.91 $71.65 

$20.43 
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  Algorithm 
Total # of people 

screened Sensitivity Specificity Unit cost Total cost 
Cost per 

TP 
Cost/accurate 

diagnosis (TP + TN) 
Incremental cost  

(TP + TN) 

Smear 112 0.364 0.990 $12.82 $1,397.38 $349.35 $13.97   

IX 
Smear microscopy 
CXR 

112 0.364 0.989 $30.33 $1,484.93 $371.23 $35.86 
$21.89 

X 

Smear microscopy 
Culture 
CXR 

112 0.438 1.000 $63.17 $4,855.39 $744.59 $67.69 
$19.70 

USD-United States dollars; TP-true positive; TN-true negative; CXR-chest x-ray; Smear microscopy performed was the Ziehl-Neelsen stain; Culture test used Lowenstein-Jensen solid 

medium
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Figure 8-2: Flowchart of stepped diagnosis pathways for tuberculosis in Indonesia - 2 
examples presented 
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DM screening and diagnostic tests 

In Indonesia and Romania, the single screen with the lowest cost per accurate diagnosis 

was age 40 or over (US$ 0.08 and US$ 1.06, respectively) (Table 8-5 and Table 8-6). This 

sole risk factor was shown to be highly predictive (AU ROC=0.78 and 0.69 in Indonesia 

and Romania, respectively) for DM in people with TB ((Grint et al., submitted to Lancet 

Diabetes Endocrinology (Feb 2017))). 

Of the DM testing algorithms assessed the age screen followed by the POC RPG test had 

the least cost per accurate diagnosis in Indonesia and Romania, at US$ 1.49 and US$ 

5.64, respectively (Table 8-5 and Table 8-6). In Indonesia, the next cheapest algorithm 

was Omani risk score and POC RPG at US$ 2.59 (Table 8-5). In Romania, the urine dipstick 

was included in the next two cheapest algorithms per case accurately diagnosed: urine 

followed by two laboratory HbA1c tests (US$ 10.88) (Figure 8-3a) and the Omani risk 

score followed by the urine dipstick then two laboratory HbA1c tests (US$ 10.96) (Table 

8-6Table 8-6). In both countries the POC HbA1c followed by two laboratory HbA1c tests 

had a high cost per accurate diagnosis (US$ 43.58 and US$ 52.59, respectively), but the 

Omani risk score, POC RPG and two laboratory HbA1c tests costed even more per 

accurate diagnosis in Romania at US$ 55.76 (Table 8-6). 
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Table 8-5: Cost per accurate diagnosis of diabetes screening and diagnostic tests in people with tuberculosis - Indonesia (2014 USD) 

  Algorithm 
Total # of people 

screened Sensitivity Specificity 
Unit 
cost Total cost 

Cost per 
TP 

Cost per accurate 
diagnosis (TP + TN) 

Incremental cost  
(TP + TN) 

GOLD STANDARD 
Laboratory HbA1c 

(repeated) 
672 1.000 1.000 $29.10 $10,112.25 $260.38 $29.12 

$14.57 
D

M
 t

e
st

s 
- 

C
LI

N
IC

A
L 

P
R

A
C

TI
C

E
 

POC RPG ≥ 6.1 mmol/l 671 0.925 0.759 $1.06 $711.26 $19.22 $1.38   
SC

EN
A

R
IO

 1
 I 

POC RPG 
Lab HbA1c 
Lab HbA1c 

671 0.833 1.000 $30.16 $3,839.51 $112.46 $34.84 
$33.47 

II 

POC RPG 
Lab HbA1c 
FBG 

671 0.529 1.000 $17.67 $3,490.05 $96.75 $19.13 
$17.75 

III 

POC RPG 
FBG >126 mg/dl 
FBG >126 mg/dl 

671 0.000 1.000 $5.18 $956.40 $54.24 $3.74 
$2.36 

Urine dipstick ≥ trace 664 0.350 0.995 $0.65 $431.60 $30.83 $0.68   

SC
EN

A
R

IO
 2

 IV 

Urine dipstick 
Lab HbA1c 
Lab HbA1c 

664 0.257 1.000 $29.75 $824.45 $64.66 $31.40 
$30.72 

V 

Urine dipstick 
Lab HbA1c 
FBG 

664 0.071 1.000 $17.26 $683.07 $50.56 $17.29 
$16.61 

VI 

Urine dipstick 
FBG >126 mg/dl 
FBG >126 mg/dl 

664 0.000 1.000 $4.77 $466.62 $33.33 $3.18 
$2.50 

Omani risk score ≥ 7 642 0.842 0.579 $0.70 $449.40 $14.04 $1.18   

SC
EN

A
R

IO
 3

 

VII 

Omani risk score 
Lab HbA1c 
Lab HbA1c 

642 0.667 1.000 $29.80 $4,945.35 $165.00 $36.64 
$35.47 

VIII 

Omani risk score 
Lab HbA1c 
FBG 

642 0.467 1.000 $17.31 $4,629.24 $146.73 $18.38 
$17.20 
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  Algorithm 
Total # of people 

screened Sensitivity Specificity 
Unit 
cost Total cost 

Cost per 
TP 

Cost per accurate 
diagnosis (TP + TN) 

Incremental cost  
(TP + TN) 

IX 

Omani risk score 
FBG >126 mg/dl 
FBG >126 mg/dl 

642 0.000 1.000 $4.82 $1,038.56 $35.09 $9.59 
$8.42 

POC HbA1c ≥ 6.0% 665 1.000 0.635 $7.19 $4,781.35 $122.60 $11.02   

SC
EN

A
R

IO
 4

 X 

POC HbA1c 
Lab HbA1c 
Lab HbA1c 

665 0.913 1.000 $36.29 $9,029.95 $239.85 $43.58 
 
 

$32.56 

XI 

POC HbA1c 
Lab HbA1c 
FBG 

665 0.643 1.000 $23.80 $8,680.49 $225.04 $28.77 
 
 

$17.75 

XII 

POC HbA1c 
FBG >126 mg/dl 
FBG >126 mg/dl 

665 0.000 1.000 $11.31 $4,884.35 $137.31 $13.59 
 
 

$2.58 

    
         

D
M

 t
e

st
s 

- 
R

ES
EA

R
C

H
 

D
IA

G
N

O
ST

IC
 S

TR
A

TE
G

Y
 

Omani risk score ≥ 7 642 0.842 0.579 $0.70 $449.40 $14.04 $1.18   

XIII 

Omani risk score 
Lab HbA1c 
Lab HbA1c 

642 0.667 1.000 $29.80 $4,945.35 $165.00 $36.64 
$35.47 

XIV 

Omani risk score 
Lab HbA1c 
FBG 

642 0.467 1.000 $17.31 $4,629.24 $146.73 $18.38 
$17.20 

Omani risk score ≥ 7 
Urine dipstick ≥ trace 

642 0.342 0.997 $1.35 $634.65 $28.29 $1.88 
  

XV 

Omani risk score 
Urine dipstick 
Lab HbA1c 
Lab HbA1c 

642 0.242 1.000 $30.45 $983.85 $61.45 $32.80 

$30.92 

XVI 

Omani risk score 
Urine dipstick 
Lab HbA1c 
FBG 

642 0.000 1.000 $17.96 $857.02 $45.08 $16.43 

$14.55 
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  Algorithm 
Total # of people 

screened Sensitivity Specificity 
Unit 
cost Total cost 

Cost per 
TP 

Cost per accurate 
diagnosis (TP + TN) 

Incremental cost  
(TP + TN) 

Omani risk score ≥ 7 
POC RPG ≥ 6.1 mmol/l 

642 0.789 0.886 $7.89 $2,505.74 $82.59 $10.74 
  

XVII 

Omani risk score 
POC RPG 
Lab HbA1c 
Lab HbA1c 

642 0.625 1.000 $36.99 $4,251.74 $150.97 $45.66 

$34.92 

XVIII 

Omani risk score 
POC RPG 
Lab HbA1c 
FBG 

642 0.000 1.000 $24.50 $3,964.73 $130.60 $25.29 

$14.55 

SC
R

EE
N

IN
G

 S
TR

A
TE

G
Y

 

Omani risk score ≥ 7 642 0.842 0.579 $0.70 $449.40 $14.04 $1.18   

XIX 
Omani risk score 
POC RPG 

642 0.789 0.886 $1.76 $752.56 $24.15 $2.59 
$1.41 

XX 

Omani risk score 
POC RPG 
POC HbA1c 

642 0.784 0.960 $8.95 $1,449.99 $48.20 $12.14 
$10.96 

Omani risk score ≥ 7 
Urine dipstick ≥ trace 

642 0.342 0.997 $1.35 $634.65 $28.29 $1.88 
  

XXI 

Omani risk score 
Urine dipstick 
POC HbA1c 

642 0.324 1.000 $8.54 $735.31 $36.68 $9.07 
$7.19 

ST
A

T
IS

T
IC

A
L 

ST
R

A
TE

G
Y

 

Age screen ≥ 40 671 0.825 0.631 $0.05 $33.55 $1.02 $0.08   

XXII 
Age 
POC RPG 

671 0.800 0.895 $1.11 $315.51 $9.83 $1.49 
$1.42 

XXIII 
Age 
POC HbA1c 

671 0.821 0.861 $7.24 $1,931.71 $60.33 $10.92 
$10.85 

POC RPG ≥ 6.1 mmol/l 671 0.925 0.759 $1.06 $711.26 $19.22 $1.38   

XXIV 
POC RPG 
POC HbA1c 

671 0.923 0.915 $8.25 $2,041.41 $56.17 $11.53 
$10.15 

USD- United States dollars; TP-true positive; TB-true negative 
POC-point of care; HbA1c-glycated haemoglobin; RPG-random plasma glucose; FBG-fasting blood glucose 
Omani risk score includes assessments of age, waist circumference, body mass index, family history of diabetes and current hypertension status
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Table 8-6: Cost per accurate diagnosis of diabetes screening and diagnostic tests in people with tuberculosis - Romania (2014 USD) 

  Algorithm 
Total # of people 

screened Sensitivity Specificity 
Unit 
cost Total cost 

Cost per 
TP 

Cost per accurate 
diagnosis (TP + TN) 

Incremental cost  
(TP + TN) 

GOLD STANDARD 
Laboratory HbA1c 

(repeated) 
465 1.000 1.000 $18.06 $4,596.27 $102.96 $19.32 

$9.63 
D

M
 t

e
st

s 
- 

C
LI

N
IC

A
L 

P
R

A
C

TI
C

E
 

POC RPG ≥ 6.1 mmol/l 433 0.717 0.390 $1.83 $792.57 $20.86 $4.50   
SC

EN
A

R
IO

 1
 I 

POC RPG 
Lab HbA1c 
Lab HbA1c 

433 0.196 1.000 $19.89 $3,384.18 $114.33 $46.64 
$42.14 

II 

POC RPG 
Lab HbA1c 
FBG 

433 0.245 1.000 $19.01 $3,355.03 $101.90 $34.21 
$29.71 

III 

POC RPG 
FBG >126 mg/dl 
FBG >126 mg/dl 

433 0.075 1.000 $18.12 $2,332.31 $330.43 $15.62 
$11.12 

Urine dipstick ≥ trace 230 0.083 1.000 $1.67 $383.36 $191.68 $1.84   

SC
EN

A
R

IO
 2

 IV 

Urine dipstick 
Lab HbA1c 
Lab HbA1c 

230 0.000 1.000 $19.73 $410.45 $200.71 $10.87 
$9.03 

V 

Urine dipstick 
Lab HbA1c 
FBG 

230 0.042 1.000 $18.84 $409.56 $208.86 $19.02 
$17.18 

VI 

Urine dipstick 
FBG >126 mg/dl 
FBG >126 mg/dl 

230 0.042 1.000 $17.96 $407.80 $216.12 $26.28 
$24.44 

Omani risk score ≥ 7 464 0.825 0.461 $4.41 $1,922.76 $40.91 $8.74   

SC
EN

A
R

IO
 3

 

VII 

Omani risk score 
Lab HbA1c 
Lab HbA1c 

464 0.500 1.000 
 

$22.47 
 

$4,487.28 
 

$120.35 
 

$49.37 
 
 

$40.64 

VIII 

Omani risk score 
Lab HbA1c 
FBG 

464 0.246 1.000 $21.59 $4,513.53 $113.20 $42.22 
$33.48 
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  Algorithm 
Total # of people 

screened Sensitivity Specificity 
Unit 
cost Total cost 

Cost per 
TP 

Cost per accurate 
diagnosis (TP + TN) 

Incremental cost  
(TP + TN) 

IX 

Omani risk score 
FBG >126 mg/dl 
FBG >126 mg/dl 

464 0.038 1.000 $20.71 $3,569.06 $326.16 $24.92 
$16.18 

POC HbA1c ≥ 6.0% 404 0.431 0.871 $11.83 $4,779.32 $217.24 $14.66   

SC
EN

A
R

IO
 4

 X 

POC HbA1c 
Lab HbA1c 
Lab HbA1c 

404 0.111 1.000 $29.89 $5,528.81 $273.64 $52.59 
$37.93 

XI 

POC HbA1c 
Lab HbA1c 
FBG 

404 0.176 1.000 $29.01 $5,563.63 $264.66 $43.61 
$28.95 

XII 

POC HbA1c 
FBG >126 mg/dl 
FBG >126 mg/dl 

404 0.059 1.000 $28.13 $5,300.92 $352.40 $34.49 
$19.83 

    
         

D
M

 t
e

st
s 

- 
R

ES
EA

R
C

H
 

D
IA

G
N

O
ST

IC
 S

TR
A

TE
G

Y
 

Omani risk score ≥ 7 464 0.825 0.461 $4.41 $1,922.76 $40.91 $8.74   

XIII 

Omani risk score 
Lab HbA1c 
Lab HbA1c 

464 0.500 1.000 $22.47 $4,487.28 $120.35 $49.37 
$40.64 

XIV 

Omani risk score 
Lab HbA1c 
FBG 

464 0.246 1.000 $21.59 $4,513.53 $113.20 $42.22 
$33.48 

Omani risk score ≥ 7 
Urine dipstick ≥ trace 

464 0.036 1.000 $6.08 $2,133.18 $251.33 $10.67 
  

XV 

Omani risk score 
Urine dipstick 
Lab HbA1c 
Lab HbA1c 

464 0.000 1.000 $24.14 $228.48 $219.45 $10.96 

$0.29 

XVI 

Omani risk score 
Urine dipstick 
Lab HbA1c 
FBG 

464 0.036 1.000 $23.26 $227.60 $227.60 $19.11 

$8.44 
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  Algorithm 
Total # of people 

screened Sensitivity Specificity 
Unit 
cost Total cost 

Cost per 
TP 

Cost per accurate 
diagnosis (TP + TN) 

Incremental cost  
(TP + TN) 

Omani risk score ≥ 7 
POC RPG ≥ 6.1 mmol/l 

464 0.615 0.644 $6.24 $2,345.49 $54.12 $13.33 
  

XVII 

Omani risk score 
POC RPG 
Lab HbA1c 
Lab HbA1c 

464 0.130 1.000 $24.30 $2,129.40 $100.78 $55.76 

$42.43 

XVIII 

Omani risk score 
POC RPG 
Lab HbA1c 
FBG 

464 0.192 1.000 $23.42 $2,104.76 $81.46 $36.44 

$23.11 

SC
R

EE
N

IN
G

 S
TR

A
TE

G
Y

 

Omani risk score ≥ 7 464 0.825 0.461 $4.41 $1,922.76 $40.91 $8.74   

XIX 
Omani risk score 
POC RPG 

464 0.615 0.644 $6.24 $2,345.49 $54.12 $13.33 
$4.59 

XX 

Omani risk score 
POC RPG 
POC HbA1c 

464 0.320 0.931 $18.07 $4,226.46 $171.68 $29.28 
$20.54 

Omani risk score ≥ 7 
Urine dipstick ≥ trace 

464 0.036 1.000 $6.08 $2,133.18 $251.33 $10.67 
  

XXI 

Omani risk score 
Urine dipstick 
POC HbA1c 

464 0.000 1.000 $17.91 $2,145.01 $251.33 $10.67 
$0.00 

ST
A

T
IS

T
IC

A
L 

ST
R

A
TE

G
Y

 

Age screen ≥ 40 436 0.810 0.479 $0.56 $241.98 $5.15 $1.06   

XXII 
Age 
POC RPG 

436 0.604 0.657 $2.39 $653.82 $18.02 $5.64 
$4.58 

XXIII 
Age 
POC HbA1c 

436 0.353 0.934 $12.39 $2,891.90 $152.37 $16.29 
$15.23 

POC RPG ≥ 6.1 mmol/l 433 0.717 0.390 $1.83 $792.57 $20.85 $4.50   

XIV 
POC RPG 
POC HbA1c 

433 0.373 0.889 $13.66 $3,773.55 $177.76 $19.87 
$15.37 

USD-United States dollars; TP-true positive; TB-true negative 
POC-point of care; HbA1c-glycated haemoglobin; RPG-random plasma glucose; FBG-fasting blood glucose 
Omani risk score includes assessments of age, waist circumference, body mass index, family history of diabetes and current hypertension status
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Figure 8-3: Flowchart of stepped diagnosis pathways for diabetes in Romania - two 
examples presented 
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Discussion 

This is the first study to assess the costs per accurate diagnosis of bi-directional 

screening for TB and DM. We found that the cost per accurate diagnosis was lower for 

DM screening in people with TB compared to screening people with DM for TB. The 

lowest cost per accurate diagnosis was DM age screen and POC RPG algorithm.  

Assessing the cost per accurate diagnosis of TB and DM tests in two settings highlighted 

the country- and disease-specific issues that must be considered when making decisions 

about the most appropriate approach. 

Overhead costs for the screening and diagnostic tests were more difficult to obtain than 

test-specific costs, but concerted efforts were made to ensure that as many of these 

costs as possible were included. Overhead costs ranged widely between 1% to 52% of 

TB test costs, illustrating that making rough assumptions about the importance of 

overhead costs is not recommended; primary data collection is necessary.  

One view in the DM field is that DM screening should occur in two stages; people with 

risk factors for DM are selected, followed by glucose testing from blood or urine samples 

(Waugh et al., 2007). There is however debate as to the most useful and cost-effective 

combination of these tests (Adepoyibi et al., 2013). The diagnostic algorithms explored 

in this paper were able to investigate potential combinations of tests for lowest cost per 

accurate diagnosis, but the uncertainty of the values caused by the sensitivity and 

specificity of the tests must be considered (Ramsey et al., 2005). 

The mean costs of the TB tests fall within the range of values reported in other parts of 

the world, but these were not performed in DM or chronic disease clinics or 

programmes. Smear tests ranged from US$ 0.26 in India to US$ 10.50 in Thailand (Lu et 

al., 2013), which nestled the costs in Indonesia and Romania of US$ 6.40 and US$ 3.54, 

respectively, for one sputum sample collection and ZN smear test. The mean costs of 

one combined ZN smear and MODS culture test was US$ 22.82 in Indonesia, for which 

there was no comparable published cost assessment, but in Romania one ZN followed 
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by a L-J test was US$ 12.85. This is comparable to US$ 11.13 in Peru and US$ 14.34 

provider costs in Brazil (Lu et al., 2013). 

The IGRA test in Indonesia (US$ 58.75) was approximately 49% more than the same test 

in South Africa (TB Diagnostics Market Analysis Consortium et al., 2015). The mean cost 

of the TST in Romania was US$ 48.15, but the range in other settings was as little at US$ 

5.90 in Brazil (TB Diagnostics Market Analysis Consortium et al., 2014) and US$ 39.20 in 

South Africa (Mandalakas et al., 2013). 

The mean costs of the fasting glucose and laboratory HbA1c diagnostic tests were US$ 

13.16 and US$ 14.24 when taken from a cost accounting system in Germany (Icks et al., 

2004). The German FBG costs were well above the values in the TANDEM study 

(Indonesia: US$ 2.06; Romania: US$ 8.15) but the laboratory HbA1c costs were similar 

for Indonesia (US$ 14.55) despite having very different settings. No TB or DM diagnostic 

test costs specifically for Indonesia or Romania were found in the literature, nor for the 

cost of bi-directional screening for pulmonary TB and type 2 DM. 

The costs of the screening and diagnostic tests are highly responsive to the volume of 

tests performed and the choice of consumables used. The costs of integrating bi-

directional screening into TB or DM settings are also dependent upon the scale of the 

implementation, but the costs will decrease as experience is gained, utilisation is 

increased and if the price of equipment, particularly POC machines, is reduced over 

time. The start-up costs for equipment, staff training and sensitisation can be minimised 

if there is cross-programme collaboration by administrators, laboratory personnel and 

clinicians in TB and chronic disease programmes.  

In the general population, random blood glucose and urine glucose testing are 

considered to be “of limited value” (Borch-Johnsen et al., 2003). Risk score 

questionnaires are most accurate for high-risk people, but require validation in each 

new country, though this is still not commonly done.  
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When using the POC RPG test to screen for DM without a confirmatory diagnostic test, 

the cut-off value is 11.1 mmol/l or greater. However, in clinical practice the POC RPG 

test would be repeated unless the patient also has symptoms of DM (such as frequent 

urination, excessive thirst, weight loss, or blurred vision) (IDF, 2015). This protocol was 

not explored, but the mean cost per accurate diagnosis would be expected to increase, 

and the protocol would perform differently in the two countries; in Romania, very few 

DM false positive people with TB would be identified given the low sensitivity of the test 

(45.3%) but in Indonesia, the repeated POC RPG could detect a greater proportion of 

false positives. 

Despite the low cost per accurate diagnosis of the urine dipstick, it remains a less 

favourable option for DM screening due to the low sensitivity (35% in Indonesia and 8% 

in Romania). Screening by urine dipstick is therefore more likely to miss people with 

concurrent disease, jeopardising the success of their TB treatment and increasing their 

risk of relapse (Adepoyibi et al., 2013). It does, however, remain an affordable option in 

resource-limited settings that have no other testing options (Restrepo et al., 2013).  

HbA1c tests are thought to be the most suitable for establishing chronic hyperglycaemia 

(as opposed to transitory glycaemia due to TB or other infectious diseases) (Adepoyibi 

et al., 2013). Since TB induced hyperglycaemia seems to resolve once TB treatment has 

begun, HbA1c tests provide glucose levels over the preceding three months and may 

more accurately diagnose true DM in people with TB, whether the test is performed 

before or during treatment (Kumpatla et al., 2013).  

For detection of suspected TB, a symptom screen is seen as a valuable tool. However, 

for DM detection, a DM symptom screen would be too broad (for example frequent 

urination, excessive thirst, lack of interest and concentration, blurred vision) and 

symptoms may be altogether absent even if a DM diagnosis is warranted. Therefore, DM 

risk factors, including age, family history of DM, and BMI, were instead used for DM 

screening. 
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When recommending a DM POC screening test for people with TB, the POC HbA1c test 

fares best, but is most cost-effective when combined with at least a diagnostic test, such 

as repeated laboratory HbA1c. The POC RPG is an easily implementable option 

(Adepoyibi et al., 2013), with a low cost per accurate diagnosis that decreases when 

combined with a context specific risk assessment, such as the Omani risk score or simple 

age screen in people with TB. Both of these POC tests have qualities that are well suited 

for use in TB programmes. They can be easily implemented into routine DM screening 

of people with TB without the need for additional infrastructure such as alterations to 

laboratories or cold storage. The tests also both require minimal additional training or 

supervision. As discussed earlier, at a single time point, HbA1c tests are able to detect 

short to long-term glucose levels averaged over three months. They do not require 

fasting like the FBG or other glucose tolerance tests, which would be a major obstacle 

for people with TB given the large quantities of anti-TB drugs required for treatment.  

An additional benefit is the immediate provision of results; this obviates the need for a 

follow-up visit to the health facility simply to provide results, thus reducing loss to follow 

up and the financial and social burden placed on patients for frequent visits to the health 

facility. Sample collection for both POC tests are by finger prick, which is less invasive 

than a blood draw but further development of sample collection method would reduce 

discomfort in already ill patients. In terms of physiological suitability of the tests to 

people with TB, both tests seemed to be better suited to patients in Indonesia. The POC 

RPG was twice as sensitive in Indonesia than in Romania; and the POC HbA1c test was 

eight times (86%) more sensitive with a cut-off of 6.5% but the sensitivity increased from 

10% to 44% when the cut-off was reduced to 6.0%. Further investigation into country 

specific cut-off values could increase the favourability of the POC HbA1c test (Grint et al., 

submitted to Lancet Diabetes Endocrinology (Feb 2017)). The POC RPG is considered to 

be favourable in terms of costs, with a mean cost per patient of US$1.06 in Indonesia 

and US$ 1.83 in Romania (Adepoyibi et al., 2013). However, the mean costs of the POC 

HbA1c are still beyond the range that is likely to be acceptable as cost-effective in low- 

and middle-income countries at US$ 7.19 and US$ 11.83, respectively. Provision of 
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cheaper cartridges by manufacturers would facilitate provision of universal DM 

screening of people with TB. 

The current testing infrastructure and capacity at a health facility is an important factor 

when considering the implementation of any screening protocol for concurrent disease. 

Already existing capacity to perform additional tests on a patient would reduce the 

implementation costs and improve the feasibility of introducing the test. Since sputum 

smear and culture tests are already performed to an acceptable standard in the 

Puskesmases and RSHS Referral Hospital in Indonesia, there is scope to have people with 

DM produce sputum samples without being sent to separate facilities and potentially be 

lost to follow-up. 

It is worth noting that if ‘possible’ TB cases had been included in the TB case definition 

(Figure 8-1), the cost per accurate diagnosis would have decreased and the cost per 

accurate diagnosis of this screening pathway could also have been assessed in Romania, 

where there were two ‘possible’ TB cases. Determining the appropriate health 

professional to interpret the CXR for potential TB in people with DM was challenging, 

particularly amongst endocrinologists and diabetologists. Computer-assisted detection 

may be a viable option in the future to improve the diagnostic accuracy. 
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Conclusion 

In environments where both TB and DM burdens are increasing and the challenges of 

concurrent disease are becoming increasingly apparent, early, cost-effective screening 

for TB-DM is essential. Screening for DM in people who have TB is the less costly 

approach per person accurately diagnosed in both Indonesia and Romania. The most 

suitable algorithm for combined tests in this approach includes the POC RPG and 

repeated laboratory HbA1c tests in Indonesia; in Romania it was the urine dipstick also 

followed by repeated laboratory HbA1c tests, with or without the Omani risk score. A 

combination of POC RPG and an age screen also proved to have the lowest cost per 

accurate diagnosis in both settings. This comparative analysis of costs of accurate 

diagnosis for concurrent TB-DM illustrates that understanding the general population 

profile of DM is important in determining the most cost-effective approach for screening 

people with TB for the disease. 
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Chapter 9 Operational feasibility of bi-directional screening for 

tuberculosis and diabetes in Indonesia and Peru 

Preamble to Research Paper 4 

This paper assessed the operational feasibility of TB screening and diagnostic tests at the 

end of the screening process, and compared the DM screening and diagnostic tests at the 

beginning and end of the screening study in Indonesia and Peru. The health care workers 

responsible for sample collection, analysis and preparation and relaying of results were 

interviewed using structured questionnaires, with both closed and open-ended 

responses. 

Assessing the feasibility of implementing TB tests into DM services and DM tests into the 

TB programmes was an objective of the TANDEM work package 1 protocol, led by 

Professor Julia Critchley. During the planning stages of the micro-costing of the screening 

and diagnostic tests (see Research Paper 2), it made sense for me to also collect the data 

for the operational feasibility as many of the same health care staff would need to be 

interviewed for both activities. Professor Critchley agreed to this and provided guidance 

and feedback during the tool development and piloting, data collection and data analysis. 

In Romania, operational feasibility data were collected electronically at the beginning of 

the screening study but the data were not adequately backed-up and the device on which 

the information was stored crashed. Hence, all of the operational feasibility data were 

lost. For data at the end of the screening studies, after many delays including a nosocomial 

infection outbreak at the hospital, a decision was made to not collect any further 

operational feasibility data in Romania. This is the reason that Romania is not included in 

this paper. The data presented here for Indonesia and Peru are the best quality 

operational feasibility data collected for TANDEM.  
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Abstract 

Introduction: People with tuberculosis (TB) have worsened outcomes if they also develop 

diabetes mellitus (DM) and vice versa. A European Commission funded study, TANDEM, 

conducted bi-directional screening for concurrent TB-DM using six DM and five TB tests. 

The two diseases are often managed through separate disease programmes, implying that 

bi-directional screening can encounter operational challenges. We sought to determine 

the operational feasibility of screening people with TB for DM and people with DM for TB 

in Indonesia and Peru. 

Method: Structured questionnaires were administered to all health care workers (HCWs) 

involved in any of the TANDEM TB screening tests (TB symptom screen, chest x-ray (CXR), 

interferon gamma release assay, smear microscopy and microscopic observation drug 

susceptibility (MODS) culture) or DM screening (point of care (POC) random capillary 

glucose, fasting blood glucose, urine dipstick, and POC and laboratory glycated 

haemoglobin). The questionnaires were adapted to the particular setting in each country 

and administered at two time points for the DM tests (the start and end of the bi-

directional screening cross-sectional study in the TANDEM project) and at the end of TB 

screening. Proportion, frequencies, means and medians were estimated for close-ended 

questions and themes were identified from open text responses. Data were assessed 

according to seven domains: user friendliness, training and performance time, 

acceptability by HCWs, perceived patient acceptability, sample and equipment quality, 

logistics of performing tests and reporting results, and appropriateness of tests. 

Results: Although the urine dipstick was user friendly, required the least amount of time 

to learn and perceived patient acceptability and compliance was high, HCWs felt it was 

not useful (appropriate) for diagnosing DM in people with TB. POC tests for diagnosing 

DM were perceived to be the most acceptable to patients, but sample collection by finger 

pricks was unacceptable. The CXR consistently performed the best in the operational 

feasibility domains except for appropriateness, where the smear microscopy and MODS 

culture were reported to be far more useful for diagnosing TB in patients with DM. 
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Conclusion: Early and accurate bi-directional screening for TB-DM is possible through a 

practical and operationally feasible model, which was assessed at outpatient clinics in 

Indonesia and Peru.  

 

Running head: Operational feasibility of TB-DM screening 

Manuscript word count: 6,529 
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Introduction 

A quarter of the world’s population is believed to have latent tuberculosis (TB) infection 

and there was an estimated 10.4 million new cases of active TB globally in 2015 (Houben 

and Dodd, 2016, WHO, 2016a). Diabetes mellitus (DM) affects approximately 415 million 

adults, a 243% increase since 2000 (IDF, 2015, Wild et al., 2004). Thus, many countries 

with a high burden of TB are also experiencing an increase in the prevalence of DM. A 

systematic review of observational studies showed that active TB was two to three times 

more likely to develop in people with DM than in the general population and another 

systematic review found that TB treatment outcomes were worsened in people with both 

diseases (Jeon and Murray, 2008, Baker et al., 2011). The prevalence of DM in patients 

with TB was estimated as 15% in 2012, equating to one million people (Lonnroth et al., 

2014). 

‘Concurrent Tuberculosis and Diabetes Mellitus; unravelling the causal link and improving 

care’ (TANDEM), was a project in Indonesia, Peru, Romania and South Africa that sought 

to identify optimal ways for screening people with TB for DM and the converse through a 

cross-sectional study. It also defined the requirements of combined treatment of TB and 

DM through a pragmatic randomised controlled trial (van Crevel and Dockrell, 2014b).  

By establishing the best mechanisms for early diagnosis of TB-DM, the care of concurrent 

disease can be improved. The detection and treatment are delivered, managed and 

funded through national TB programmes and chronic disease programmes, respectively 

(Oliveira-Cruz et al., 2003). This separation can result in duplication and inefficiency of 

resources and it can be challenging to obtain commitment to any non-programme 

objectives, such as bi-directional screening for TB-DM (Atun et al., 2008). 

Operational feasibility in this study was defined as a measure of how well the tests 

proposed for bi-directional screening performed in identifying people with concurrent TB-

DM. It also looked at whether the implementation of the tests provided any opportunities 

that could be harnessed or identified any barriers in the various healthcare settings in 

Indonesia and Romania. The focus was the structural and managerial support available to 
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perform the tests as well as training required and any adverse effects on health care 

workers or patients. 

Costs are an element of operational feasibility but this was assessed in-depth in an 

accompanying paper (Laurence et al., see Chapter 8), using a different methodology and 

so was not included in this paper. The study aim was to identify the potential operational 

challenges from the perspective of health care workers (HCWs) if bi-directional screening 

were to be integrated into routine practice in Indonesia and Peru. Operational feasibility 

of implementing DM tests into TB or directly-observed treatment, short-course (DOTS) 

clinics and TB tests into chronic disease or DM clinics was assessed. 
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Methods 

Description of tests 

The tests that were already part of medical services in the respective countries were not 

modified in any way. The point-of-care (POC) tests were performed according to 

manufacturer instructions. 

DM tests 

The manufacturer specifications for the POC DM tests used in Indonesia and Peru to 

screen people with TB are listed in Table 9-1. 

Blood for the laboratory glycated haemoglobin (HbA1c) tests were collected in 

ethylenediaminetetraacetic acid (EDTA) tubes. The sample tubes were refrigerated until 

they were delivered to the private laboratories for analysis. The samples were delivered 

to Prodia in Jakarta, Indonesia and MedLab in Lima, Peru within 24 hours of sample 

collection. The fasting blood glucose (FBG) tests were performed in public laboratories in 

Indonesia and Peru.  
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Table 9-1: Manufacturer specifications of point of care diabetes diagnostic tests used 
in Indonesia and Peru 

Test/machine 
characteristics 

POC RPG Urine dipstick POC HbA1c 

INDONESIA 

Manufacturer Roche GRF Diagnostic HemoCue® 

Model Accu-Chek® Active 
Blood Glucose Meter 

Uric-3V SG03100 
reagent strip 

HbA1c 501 
Analyzer 

Sample type Finger prick – 1-2 μL 
(drop of capillary blood) 

Urine specimen – 35-
60mL 

Finger prick – 1-2 
μL (drop of blood) 

Measurement range 0.6 – 33.3 mmol/L Negative to ++++ (>110 
mmoL/L) 

4-14% 

Direct result readout Yes – screen only No – colour comparison 
chart 

Yes – screen and 
paper tape 

Preparation time 
Result time 

90 seconds 
5-8 seconds 

N/A 
30-60 seconds 

120 seconds 
5 seconds 

Life span of sample 
strip 

18 months 24 months  18 months  

PERU 

Manufacturer Roche Medi-Test HemoCue® 

Model Accu-Chek® Active 
Blood Glucose Meter 

Combi-10® SGL HbA1c 501 
Analyzer 

Sample type Finger prick – 1-2 μL 
(drop of capillary blood) 

Urine specimen – 35-
60mL 

Finger prick – 1-2 
μL (drop of blood) 

Measurement range 0.6 – 33.3 mmol/L Negative to ++++ (>110 
mmoL/L) 

4-14% 

Direct result readout Yes – screen only No – colour comparison 
chart 

Yes – screen and 
paper tape 

Preparation time 
Result time 

90 seconds 
5-8 seconds 

N/A 
30-60 seconds 

120 seconds 
5 seconds 

Life span of sample 
strip 

18 months 24 months  18 months  
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TB tests 

The type of smear, culture, latent TB infection tests and the image format for chest x-ray 

(CXR) are listed in Table 9-2. A TB symptom screen, which included questions about recent 

cough lasting two weeks or more; whether it was a productive cough and if so, whether 

there was blood in the sputum; breathlessness upon exertion; night sweats; fever; and 

any unintentional weight loss or gain was also performed in all people with DM. 

Table 9-2: Tuberculosis tests description in Indonesia and Peru 

 Number of sputum 
samples collected 

Smear method 
performed 

Culture method 
performed 

CXR result 
format 

Latent TB 
infection test 

Indonesia 2 Z-N smear 
microscopy 

MODS Film and 
digital 

IGRA 

Peru 2 Z-N smear 
microscopy 

MODS Film  IGRA 

CXR: chest x-ray; TB: tuberculosis; Z-N: Ziehl-Neelsen; MODS: Microscopic-Observation Drug-
Susceptibility assay; IGRA: Interferon Gamma Release Assay  

Setting and study population  

This study was performed in Bandung, Indonesia and Lima, Peru. In Bandung, patients 

were screened for concurrent TB-DM at the Endocrinology and DOTS clinics at the Hasan 

Sadikin Hospital (RSHS) and the TB Research Clinic at the UNPAD Teaching Hospital. In 

Lima, patients at DOTS clinics at four health care centres (Hospital Huaycan, Centro de 

Salud San Cosme, Centro Materno Infantil San Jose and Centro de Salud Forteleza) were 

screened for DM and patients with DM attending the endocrinology clinic at the Maria 

Auxiliadora Hospital in Miraflores were screened for TB. 

The questionnaire participants were purposively sampled and the sampling frame 

included all clinic, hospital or laboratory staff who attended to any TANDEM patients or 

their samples, regardless of whether they were hired specifically for the TANDEM study, 

other research staff or staff involved in the routine services of the facility. The DM test 

questionnaires for clinicians (doctors and nurses) were administered to staff who 

performed the POC random plasma glucose (RPG), POC HbA1c or urine dipstick tests, or 

collected blood samples for the FBG or laboratory HbA1c tests in patients with TB at DOTS 

clinics. DM questionnaires for laboratory personnel included staff at public health facilities 
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who performed the FBG analysis on blood samples or private laboratory staff in Indonesia 

who conducted laboratory analysis of the HbA1c test.  

The questionnaires for TB tests were administered to clinicians in the public endocrinology 

clinics, who performed the TB symptom screen, assisted patients with sputum collection, 

referred or interpreted CXRs or collected and processed blood samples for the Interferon 

Gamma Release Assay (IGRA) test for detecting latent TB infection. The remaining TB test 

questionnaires were administered to publicly funded laboratory personnel (doctors, 

technicians or other assistants) who prepared or performed analysis of sputum samples 

for Ziehl-Neelsen (Z-N) smear microscopy, or Microscopic Observation Drug Susceptibility 

(MODS) culture; conducted radiological examinations for CXRs or analysed IGRA blood 

samples. 

Questionnaire design and data collection 

Distinct questionnaires with both open and closed-ended questions were developed for 

clinic and laboratory staff. The questionnaires contained a section for each TB or DM test 

performed, developed around seven domains: user friendliness, time for training and 

performance, perceived patient acceptability, logistics and feasibility of performing the 

tests and reporting the results, perceived appropriateness of the tests, sample and 

equipment quality, and accessibility (Medina Lara et al., 2005). 

Response options included a five-point ordinal endorsement Likert scale (strongly agree, 

agree, neither agree nor disagree, disagree and strongly disagree) for the user friendliness 

domain (Fink, 2003). Dispersed throughout the various domain sections were categorical 

options (for example agreement: yes/no/don’t know, or frequency: never/only when 

outside the normal range/always); completing numeric values for predetermined units of 

quantity (percent, count) and time (years/months/weeks/days/hours/minutes); and open 

ended questions to capture criteria, lists, processes, opinion, comments or description of 

quality. 

User friendliness 

The user friendliness domain asked for level of agreement with statements related to the 

tasks around performing each test. They included the ideal attributes of being technically 
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undemanding, having training and performance times that were acceptable, requiring 

minimal supervision to perform the tasks, having a direct result reading and the presence 

of simple quality control checks. 

Training and performance time 

The time taken to learn how to perform each test independently was captured, whether 

the training was done recently for the TANDEM study or part of previous training. HCWs 

were asked to estimate the time taken to perform the test, including time taken by 

patients to produce samples and average time taken for results to be returned to clinician 

or patient. 

Acceptability – perceived patient perspective 

HCWs were asked to posit on behalf of patients as to reasons for any unwillingness or non-

compliance in having the respective tests performed. 

Appropriateness 

The appropriateness (usefulness) of each test as a diagnostic tool was assessed, including 

reasons for not being useful. 

Quality – samples and equipment 

For each HCW interviewed, the proportion of compromised tests, including being lost, 

destroyed or of poor quality, was captured. They were asked to describe the quality of 

samples obtained for analysis, with respect to volume and sample properties. They were 

also asked to describe any internal quality control process, whether they performed them 

or it was done by someone else; and if supervision of junior staff was done within their 

facility or department. 

The quality of equipment was assessed by determining the frequency of machine 

maintenance. 

Logistics and feasibility 

HCWs were asked to describe the processes involved in performing the tests, including 

any repeat visits by the patient, and the reporting of results to the requesting clinician and 

patient. They were also asked for the top three reasons for incomplete or compromised 
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tests in clinic and laboratory. Given these processes and challenges, HCWs were asked to 

assess the feasibility of performing the test in routine practice, given the current staff 

capacity. 

The logistical feasibility, which assessed the processes for performing each task and 

combining the tasks (from sample collection to sample analysis to result reporting), 

differed from the overall operational feasibility of implementing the test, which evaluated 

the combined outcome of the seven domains. 

Accessibility 

Questions on accessibility included, where relevant, whether the tests were routinely 

available and routinely prescribed. When the test was not available, the HCW was asked 

to identify an alternative test that was used, if any, and why the test was not available or 

prescribed. The HCW was also asked to identify the nearest facility where the test was 

available. 

Study phases 

Validation 

The questionnaires were designed in English and pilot tested by administration to health 

professionals involved in the TANDEM study. Face validity was assessed to determine 

whether the questions were clear, understandable and asked in a logical order. Content 

validity was assessed to determine if the information in the questionnaires was accurate 

and relevant to the issues surrounding screening people with one disease for another 

disease.  

Implementation 

Baseline (T0) questionnaires for DM tests were administered between March 2014 and 

January 2015; follow-up (T1) DM questionnaires between March and May 2016; and TB 

test questionnaires between May and June 2015 (Table 9-3).  
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Table 9-3: Data collection dates for operational feasibility questionnaires of screening 
and diagnostic tests in TANDEM 

 DM tests – baseline: 
T0 

DM tests – follow-up 
(end of recruitment): 
T1 

TB tests – end of 
recruitment: T1 

Indonesia March-April 2014 April-May 2016 May-June 2015 

Peru July and October 
2014; January 2015 

March 2016 N/A 

TANDEM: ‘Concurrent Tuberculosis and Diabetes Mellitus; unravelling the causal link and 
improving care’ 
T0: within 4 months from start of patient recruitment in TANDEM study 
T1: within 2 months of ending patient recruitment in TANDEM study  

In Indonesia, the information sheet, consent form and questionnaire instructions were 

translated into Bahasa. The remainder of the questionnaire was left in English. When the 

tool was administered, the questions and options were read out in English and then 

verbally translated into Bahasa by TANDEM team members who were fluent in both 

Bahasa and English. In Peru, the questionnaires were translated into Spanish. 

Analysis 

The participant responses from the paper questionnaires were entered into Excel 

(Microsoft Corporation, Redwood, WA, USA) using a data entry form. Proportions and 

measures of central tendency were calculated in Excel. A thematic analysis of open text 

responses was performed (Braun and Clarke, 2006). This was done by the first author (YVL) 

initially reading all open text. Codes were then created, such as ‘reasons for urine test not 

being performed’ or ‘CXR not appropriate for diagnosing TB’. These coded texts from the 

interviews were then arranged by categories, such as ‘tests performed’, ‘alternative tests 

performed’ and ‘appropriate tests performed’. These categories were used to generate 

themes, which were either incorporated with the existing domains, such as 

appropriateness and used to create new domains, such as logistics and feasibility. All 

quantitative data in this study were coded in Excel. No internal consistency of questions 

was performed. 
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Ethics 

Ethical approval was obtained through the London School of Hygiene & Tropical Medicine, 

the Health Research Ethics Committee, Faculty of Medicine, Universitas Padjadjaran, 

Bandung, Indonesia; and the Institutional Ethics Committee, Universidad Peruana 

Cayetano Heredita, Lima, Peru. 

Every participant was given an information sheet outlining the objectives of the 

operational feasibility study and indicating that participation was anonymous, voluntary 

and could be withdrawn at any time. Informed consent forms were signed by all 

participants, giving permission for their responses to be anonymously used in this thesis, 

project reports and any publications arising out of this study. The information sheets and 

consent forms were presented in Bahasa in Indonesia and Spanish in Peru. 
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Results 

Characteristics of respondents 

The majority of responding HCWs were female in both the clinics (91%) and laboratories 

(68%) (Table 9-4). Median age of clinic staff was 28 years (IQR: 26-29.5) and laboratory 

staff, 31 years (IQR: 27-35). Only 4% of clinic staff and 28% of laboratory staff were 

routinely employed by the facility in which they were working. Amongst all staff, 54% were 

hired by TANDEM to perform tasks only related to the study and 8% were employed by 

the university affiliated with the health facility and working on several research projects, 

including TANDEM. 

Table 9-4: Characteristics of health care workers performing screening tests in the 
TANDEM study in Indonesia and Peru (n=48) 

 Health centre staff Laboratory staff 

(n=23) (n=25) 

n % n % 

Age (years), [median, IQR] 28 26-29.5 31 27-35 

Gender (female) 21 91.3 17 68.0 

Employer (TANDEM) 20 87.0 6 24.0 

Employer (Health facility) 1 4.3 7 28.0 

TANDEM: ‘Concurrent Tuberculosis and Diabetes Mellitus; unravelling the causal link and 
improving care’ 
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DM screening and diagnostic tests 

The DM screening and diagnostic tests questionnaires for clinic and laboratory staff 

(Appendix V and Appendix W) were administered at two time points (Table 9-3). At T0, 15 

HCWs completed the DM questionnaires (Table 9-5). At T1, 12 HCWs responded to the 

questionnaires, but only four (27% of the T1 participants) were the same individuals from 

T0. The functional roles in DM screening and diagnosis remained the same however. 

Table 9-5: Number of questionnaires completed by activity and time point in Indonesia and 
Peru 

Country Clinic 
staff 

Laboratory 
staff 

TOTAL Clinic 
staff 

Laboratory 
staff 

TOTAL Clinic 
staff 

Laboratory 
staff 

TOTAL 

 DM tests – T0 DM tests – T1 TB tests – T1 

Indonesia 5 6 11 5 3 8 7 14 21 

Peru 3 1 4 3 1 4 0 0 0 

Total 8 7 15 8 4 12 7 14 21 

T0: within 4 months from start of patient recruitment in TANDEM study 
T1: within 2 months of ending patient recruitment in TANDEM study 
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User friendliness 

Clinic staff 

Amongst clinicians, the urine dipstick had the highest overall satisfaction at T0, but 24 

months later the urine dipstick was equally ranked with the POC RPG test for the highest 

value (Table 9-6). At T0 the POC RPG was only one score behind the urine dipstick. The 

FBG and laboratory HbA1c had the lowest overall satisfaction at T0 and the laboratory 

HbA1c dropped one point below the FBG at T1. Both tests scored consistently low when 

asked to rate level of agreement with the statement “this test has a direct result reading”. 

Table 9-6: User friendliness of DM screening questionnaires in clinic staff in Indonesia 
and Peru 

 
Median scores 

T0 T1 

POC 
RPG 

FBG Urine 
dipstick 

POC 
HbA1c 

Lab 
HbA1c 

POC 
RPG 

FBG Urine 
dipstick 

POC 
HbA1c 

Lab 
HbA1c 

Technically 
undemanding 4.5 4 4.5 4 4 4.5 4 5 4 4 

Training time 
acceptable 

4 4 4.5 4 4 5 4 5 4 4 

Performance 
time acceptable 5 4 4.5 4 4 4 4 4.5 4 4 

Minimal 
supervision 

5 4 4.5 4 3 4.5 4 4 4 4 

Direct result 
reading 

5 3 5 4.5 3 4.5 2 5 5 2 

Simple quality 
control checks 

3.5 3 4 4 3 4 4 4 4 4 

Total score* 27 22 27 24.5 21 26.5 22 27.5 24 22 

*Total possible score is 30 

T0: within 4 months from start of patient recruitment in TANDEM study  
T1: within 2 months of ending patient recruitment in TANDEM study 
POC: point-of-care; RPG: random plasma glucose; FBG: fasting blood glucose; HbA1c: glycated haemoglobin 
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Laboratory staff 

For laboratory technicians, the user friendliness of performing blood sample analysis for 

the FBG and laboratory HbA1c were one point apart initially and garnered the same score 

of 24 at T1 (Table 9-7). 

Table 9-7: User friendliness of DM screening questionnaires in laboratory staff, 
Indonesia and Peru 

 
Median scores 

T0 T1 

FBG Lab HbA1c FBG Lab HbA1c 

Technically 
undemanding 

5 4.5 
4 4 

Training time 
acceptable 

5 4.5 

4 4 

Performance 
time acceptable 

5 5 

4 4 

Minimal 
supervision 

4.5 4 

4 4 

Direct result 
reading 

5 5 

4 4 

Simple quality 
control checks 

4.5 5 

4 4 

Total score* 29 28 24 24 

*Total possible score is 30 
T0: within 4 months from start of patient recruitment in TANDEM study  
T1: within 2 months of ending patient recruitment in TANDEM study 
FBG: fasting blood glucose; HbA1c: glycated haemoglobin 

Training time 

Clinic staff 

At both time points, 100% of clinic staff reported having performed a FBG, 88% a POC 

RPG, and 60% a laboratory HbA1c before the start of the TANDEM study (Table 9-8). The 

values were lower for the urine dipstick and POC HbA1c tests. The experience time ranged 

from 36 months for the POC HbA1c at T0 to 66 months for the FBG at T1. The blood draw 

for the FBG took the longest to learn, going from 50 hours at T0 to 59 hours at T1. 
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Table 9-8: Clinic staff training and performance times for diabetes tests in Indonesia and Peru 

 T0 T1 

POC 
RCPG 

FBG Urine 
dipstick 

POC 
HbA1c 

Laboratory 
HbA1c 

POC 
RPG 

FBG Urine 
dipstick 

POC 
HbA1c 

Laboratory 
HbA1c 

Proportion of respondents 
who performed test before 
TANDEM 

88% 100% 50% 25% 60% 88% 100% 38% 13% 60% 

Length of time respondents 
with previous experience 
have been performing test  
(in months) 

56.6 65.8 55.2 60.0 64.0 48.9 49.2 64.0 36.0 42.0 

Time to learn to perform test  
(in hours) 

2.3 58.8 3.6 35.7 16.5 3.4 49.7 2.1 12.4 17.8 

Number of times test 
practised to learn it 

3.3 10.6 1.4 3.9 10.8 2.6 5.2 1.6 2.9 2.8 

Time to produce urine 
sample (in minutes) N/A N/A 10.6 N/A N/A N/A N/A 15.0 N/A N/A 

Time to perform one test  
(in minutes) 

4.0 8.0 4.5 8.0 6.4 2.1 5.4 3.4 6.4 4.5 

N/A: not applicable 
T0: within 4 months from start of patient recruitment in TANDEM study  
T1: within 2 months of ending patient recruitment in TANDEM study 
POC: point-of-care; RPG: random plasma glucose; FBG: fasting blood glucose; HbA1c: glycated haemoglobin 
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Laboratory staff 

All of the laboratory staff interviewed had performed the FGB and laboratory HbA1c 

analyses prior to the start of TANDEM and had between four and 24 years of experience 

performing those tests. 

Performance time 

Clinic staff 

The average time for patients to produce and return a urine sample to the HCW for 

dipstick test increased from 11 to 15 minutes, but the average time for the HCW to 

perform the test decreased from 5 to 3 minutes from T0 to T1 (Table 9-8). The POC RPG 

took the least amount of time at both time points, at 4 and 2 minutes, respectively. The 

POC HbA1c test took the longest at 8 and 6 minutes respectively.  

Laboratory staff 

The mean time taken to perform analysis and complete paperwork for one FBG sample 

was reported as 8 minutes at T0 and increased to 10 minutes at T1 (Table 9-9).  

Table 9-9: Laboratory staff training and performance times for diabetes tests in 
Indonesia and Peru 

 T0 T1 

FBG 
Laboratory 

HbA1c 
FBG 

Laboratory 
HbA1c* 

Proportion of respondents who performed 
test before TANDEM 

100% 100% 100% 100% 

Length of time respondents with previous 
experience have been performing test  
(in months) 

90.0 52.0 285.0 120.0 

Time to learn to perform test  
(in hours) 

24.0 112.0 74.0 56.0 

Number of times test practised to learn it 4.8 60.3 3.8 3.0 

Time to complete paperwork  
(in minutes) 

6.9 23.3 7.3 
No 

response 

Time to perform one test  
(in minutes) 

1.3 3.0 3.0 
Don’t 
know 

N/A: not applicable 
T0: within 4 months from start of patient recruitment in TANDEM study  
T1: within 2 months of ending patient recruitment in TANDEM study 
POC: point-of-care; RPG: random plasma glucose; FBG: fasting blood glucose; HbA1c: glycated haemoglobin 
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Acceptability – perceived patient perspective 

Clinic staff 

At the start of the cross-sectional study recruitment, none of the respondents indicated 

reluctance by patients to provide samples for the POC RPG, urine dipstick, POC HbA1c or 

laboratory HbA1c tests. However, at T1, 13% of respondents indicated that patients were 

unwilling to have their fingers ‘pricked’ for the POC RPG and POC HbA1c tests, but no 

reason was given for this reluctance. 

At T1, 20% of HCWs at DM clinics felt patients were generally non-compliant with the 

request to fast and unwilling to return to the clinic another day after having fasted. The 

main reasons mentioned were the distance of the clinic from the patient’s home, and 

difficulty obtaining additional time off from work. 
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Appropriateness 

Clinic staff 

The majority of HCWs felt that the tests were appropriate for diagnosing DM, except the 

urine dipstick test, which was deemed useful by 75% at T0, decreasing to 63% at T1 (Table 

9-10). The reasons expressed at T0 included that glucose would only be present and easily 

detectable in urine when DM was advanced and therefore the urine dipstick was better 

for identifying whether there are complications, such as poor renal function, or for 

detecting advanced DM. Near the end of enrolment, HCWs suggested that the urine 

dipstick was not useful for diagnosing DM because a more sensitive test (such as FBG or 

random blood glucose) was needed, particularly in patients with TB. One respondent 

commented that the perception of colour and matching to the colour chart differed from 

person to person. 

The POC HbA1c was not considered useful for diagnosing DM in only 13% of respondents 

at T0, with one respondent commenting that the machine operation requires “special 

skills” that need to be refined and the test would be considered useful if this was 

addressed, perhaps by more thorough training. However, no respondents doubted the 

usefulness of the test at T1. 

Table 9-10: Change in test appropriateness for diagnosing diabetes mellitus from 
perspective of health care workers in Indonesia and Peru 

Test 

Proportion of respondents indicating test is useful for diagnosing DM (%) 

Clinic staff Laboratory staff 

T0 T1 T0 T1 

POC RPG 88 88 N/A N/A 

Urine dipstick 75 63 N/A N/A 

POC HbA1c 88 100 N/A N/A 

FBG 80 100 75 100 

Laboratory HbA1c 80 100 100 100 

DM: diabetes mellitus; POC: point-of-care; RPG: random plasma glucose; HbA1c: glycated haemoglobin; 
FBG: fasting blood glucose; N/A: not applicable 
T0: within 4 months from start of patient recruitment in TANDEM study  
T1: within 2 months of ending patient recruitment in TANDEM study 
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Laboratory staff 

The FBG and laboratory HbA1c tests were considered to be appropriate for diagnosing DM 

by all respondents in T1 (Table 9-10). This increased from 75% of respondents at T0 for the 

FBG. 

Quality – samples  

Clinic staff 

The proportion of estimated compromised tests decreased between T0 and T1, suggesting 

that clinic staff became more experienced at collecting samples over the 24 month period 

(Table 9-11). The urine dipstick was consistently reported to have no compromised 

samples or tests. 

Laboratory staff 

At T0, only 33% of respondents indicated that the volume of the FBG samples was usually 

sufficient, but at T1, 100% reported that sample volume was sufficient (Table 9-12). The 

main reason reported for insufficient volume was fragility of veins of older patients. 

Quality – equipment  

Clinic staff 

The POC RPG machines had a down time of one minute at T0, but after 24 months of use 

the machines did not function for an average of two days whenever they broke down, 

which occurred once per year. The average down time of the POC HbA1c machines also 

increased, but the difference was less striking, going from 12 hours to 16 hours. 

The annual frequency of POC RPG machine maintenance decreased from 3.7 times to once 

per year between T0 and T1.  

Daily internal quality control checks were reported to happen by 63% of respondents at 

T0, but reduced to 38% of respondents at T1.  
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Table 9-11: Compromised tests or samples for diabetes mellitus testing as reported by clinic staff in Indonesia and Peru 

 T0 T1 

POC 
RPG 

FBG Urine 
dipstick 

POC 
HbA1c 

Laboratory 
HbA1c 

POC 
RPG 

FBG Urine 
dipstick 

POC 
HbA1c 

Laboratory 
HbA1c 

Number of tests performed 
(mean) 18 5 20 15 4 577 761 470 343 525 

Proportion of staff with a 
compromised test 

50% 80% 0% 25% 20% 50% 40% 13% 38% 20% 

Number of compromised 
tests (mean) 1 0.4 0 0.3 0.2 12 3 0 3 2 

Proportion of tests 
compromised 

3% 8% 0% 2% 5% 2% 0.4% 0% 1% 0.3% 

T0: within 4 months from start of patient recruitment in TANDEM study  
T1: within 2 months of ending patient recruitment in TANDEM study 
POC: point-of-care; RPG: random plasma glucose; FBG: fasting blood glucose; HbA1c: glycated haemoglobin
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Table 9-12: Sample quality for diabetes mellitus tests as reported by laboratory staff at 
the beginning and end of patient recruitment in Indonesia and Peru 

 T0 T1 

FBG 
Laboratory 

HbA1c 
FBG 

Laboratory 
HbA1c* 

Number of tests performed 
(mean) 

0 ~2,000 10,514 N/A 

Proportion of respondents 
saying samples usually good 
quality 

100% 100% 100% N/A 

Proportion of respondents 
saying samples usually sufficient 
volume 

33% 100% 100% N/A 

Proportion of respondents 
indicating internal quality 
control performed 

100% --- 75% N/A 

Proportion of respondents 
accurately describing quality 
control process 

100% --- 75% N/A 

Proportion of staff with a 
compromised test 

100% 0% 0% N/A 

Number of compromised tests 
(mean) 

0 0 0 N/A 

Proportion of tests 
compromised 

0.0% 0.0% 0.0% N/A 

---: not asked; N/A: not available 
*Staff who performed laboratory HbA1c analysis at private laboratories were not accessible in Indonesia at 
T1 nor in Peru at T0 and T1 

Logistics and feasibility of performing tests and reporting results 

Clinic staff 

For the urine dipstick test, at T0, 75% of staff reported that the toilet facilities were suitable 

for patients to produce urine samples, with one respondent in Peru indicating that the 

space used by patients is a public toilet, which was not clean and was used by many other 

patients and non-patients. All respondents reported that drinking water was easily 

available. The values were switched at T1, with 100% of staff indicating that toilet facilities 

were suitable, but only 88% that drinking water was easily available, but none provided 

any suggestions as to how this could be improved. 
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FBG blood samples were taken to the lab twice daily, according to 40% of respondents, 

but taken only once a day according to an additional 40% of respondents at T0. However, 

once daily was reported by 80% of respondents 24 months later. 

The mean time taken for the FBG results to be returned to the clinic and relayed to the 

patients was two days at T0, but increased to three days at T1.  

In Indonesia, the mean time taken for the laboratory HbA1c results to be returned to the 

clinic increased from 3.5 days at T0 to 8.2 days at T1. 

Patients were always called and asked to visit the clinic for their FBG and laboratory HbA1c 

test results. 

Laboratory staff 

Contrary to the information provided by the clinic staff, laboratory staff indicated that FBG 

samples were brought to the laboratory once weekly at T0 (reported by 33% of 

respondents), but this was changed to once daily (reported by 50% of respondents) at T1.  

Accessibility 

Clinic staff 

At T0, of the five clinicians interviewed in Indonesia, all indicated that FBG and laboratory 

HbA1c were currently available at the DOTS clinic in RSHS (outside the TANDEM study). 

Out of the eight clinicians interviewed about the urine dipstick test in Indonesia and Peru, 

only 38% (three Indonesian HCWs) said it was available. The POC RPG and HbA1c were 

reported as being available in the DOTS clinic by 50% and 63% of clinicians, respectively. 

At T1, the proportion of HCWs indicating that the urine dipstick, POC RPG and POC HbA1c 

tests were available at their facility increased to 63%, 63% and 100%, respectively. 

Laboratory staff 

At both time points all laboratory technicians in Indonesia (n=3) indicated that the FBG 

and laboratory HbA1c were available in the facility laboratory as part of routine services. 

The one laboratory technician interviewed in Peru at both time points consistently stated 

that analysis of neither blood test was available for patients attending the DOTS clinic. 
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TB screening and diagnostic tests 

A total of 21 HCWs responded to questions about TB tests (Table 9-5). Seven of these 

performed tasks in the clinic including the TB symptom screen, CXR referral or 

interpretation, sputum collection for the smear or culture tests or blood collection for the 

IGRA test (Appendix X), while 14 performed laboratory analysis for the sputum smear, 

MODS culture, IGRA or performed a CXR in the radiology department (Appendix Y). 

User friendliness 

Clinic staff 

The least user friendly was IGRA blood collection, obtaining a weak Likert score of 2 out 

of 5 for the statements relating to having a direct result readout and simple quality control 

checks (Table 9-13). 

Table 9-13: User friendliness of TB screening questionnaires in clinic staff in Indonesia 
and Peru# 

 
Median scores 

T1  
TB symptom 

screen 
CXR 

referral 
CXR 

Interpretation 
Sputum 

collection 
IGRA blood 
collection 

Technically undemanding 4 3.5 3.5 4 4 

Training time acceptable 4 4 4 4 4 

Performance time 
acceptable 4 4 4.5 4 4 

Minimal supervision 4 4.5 3.5 4 5 

Direct result reading 4 3 3.5 4 2 

Simple quality control 
checks 3 2.5 4 3.5 2 

Patients find questions 
easy to understand 4     

Total score* 27 21.5 23 23.5 21 
#No health care workers were available in Peru 
*Total possible score is 35 
T1: within 2 months of ending patient recruitment in TANDEM study 
TB: tuberculosis; CXR: chest x-ray; IGRA: interferon gamma release assay 
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Laboratory staff 

From the perspective of technicians, the CXR was the most user friendly test to perform 

with a total score of 27 out of 30 (Table 9-14). Sputum smear and MODS culture performed 

equally well with a total score of 24 each. The least user friendly test was the IGRA analysis, 

obtaining the lowest score of 2 out of 5 for acceptable training time. 

Table 9-14: User friendliness of TB screening questionnaires in laboratory staff in 
Indonesia and Peru# 

 
Median scores 

T1  
CXR 

(radiographer) 
Smear 

analysis 
MODS culture 

analysis 
IGRA 

analysis 

Technically undemanding 4.5 4 4 3 

Training time acceptable 4.5 4 4 2 

Performance time acceptable 4.5 4 4 3 

Minimal supervision 4 4 4 3 

Direct result reading 5 4 4 4 

Simple quality control checks 4.5 4 4 4 

Total score* 27 24 24 19 
#No health care workers were available in Peru 
*Total possible score is 30 
T1: within 2 months of ending patient recruitment in TANDEM study 
TB: tuberculosis; CXR: chest x-ray; MODS: microscopic-observation direct-susceptibility; IGRA: interferon 
gamma release assay 
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Training and performance time 

Clinic staff 

The IGRA blood collection took the longest amount of time to learn (38 hours) and was 

practiced for an average of nine times before staff felt comfortable performing the activity 

(Table 9-15). The TB symptom screen took the least amount of time to learn (0.2 hours), 

but was practiced the most (20 times). 

The total performance time was 5 hours and 50 minutes for CXR interpretation and 42 

times as long for the MODS culture, including sputum collection, at 212 hours and 15 

minutes. 

Table 9-15: Clinic staff training and performance times for tuberculosis tests in Indonesia and 
Peru# 

 TB symptom 
screen 

CXR 
referral 

CXR 
interpretation 

Sputum 
collection 

IGRA blood 
collection 

Proportion of respondents who 
performed test before TANDEM 

80% 80% 100% 20% 20% 

Length of time respondents with 
previous experience have been 
performing test  
(in months) 

75 82 33 24 N/A 

Time to learn to perform test  
(in hours) 

0.2 N/A 8 8.1 37.8 

Number of times test practised to 
learn it 

20.0 N/A 11.5 4.8 8.5 

Time to complete paperwork  
(in minutes) 

N/A N/A N/A N/A N/A 

Time between sample production 
to delivery to lab for analysis  
(in minutes) 

N/A N/A N/A N/A 258 

Time to obtain result of analysis  
(in minutes) 

N/A 1,320 330 
Smear: 1,680 
Culture: 9,600 

7,200 

Time to perform one test  
(in minutes) 

N/A 10 20 16.3 8 

Time for results to be returned to 
clinic or given to patient 
(in minutes) 

N/A 6,840 N/A 
Smear: 1,320 
Culture: 3,120 

3,000 

Total performance time 
(in minutes) 

N/A 8,170 350 
Smear: 3,016 

Culture: 12,736 
10,466 

#No health care workers were available in Peru 
TB: tuberculosis; CXR: chest x-ray; IGRA: interferon gamma release assay; N/A: not applicable 
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Laboratory staff 

The MODS culture took the longest to learn (180 hours) and was the longest to perform 

(30 days) but was practiced the least number of times (n=6) to become proficient at 

performing the test (Table 9-16). The CXR took 23.5 minutes to perform, including time 

for paperwork and returning the results to the clinic or patient but excluded waiting time. 

Table 9-16: Laboratory staff training and performance times for tuberculosis tests in 
Indonesia and Peru# 

 CXR Z-N smear 
microscopy 

MODS 
culture 

IGRA 

Proportion of respondents who 
performed test before TANDEM 

100% 100% 83% 67% 

Length of time respondents with 
previous experience have been 
performing test  
(in months) 

156 18 33 30 

Time to learn to perform test  
(in hours) 

77.3 133.3 180.0 40.0 

Number of times test practised to 
learn it 

600 20 6 8.3 

Time to complete paperwork  
(in minutes) 

7.5 20.0 22.5 120.0 

Time between sample production 
to delivery to lab for analysis  
(in minutes) 

N/A 5.0 408.0 6.0 

Time to obtain result of analysis  
(in minutes) 

5.0 480.0 13,440 2.3 

Time to perform one test  
(in minutes) 

3.0 6.3 11.5 3.6 

Time for results to be returned to 
clinic or given to patient 
(in minutes) 

8.0 480.0 881.6 2,239.8 

Total performance time 
(in minutes) 

23.5 991.3 14,763.7 2,371.8 

#No health care workers were available in Peru 
CXR: chest x-ray; Z-N: Ziehl-Neelsen; MODS: Microscopic Observation Drug Susceptibility; IGRA: interferon 
gamma release assay; N/A: not applicable   
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Acceptability – perceived patient perspective 

Clinic staff 

An average of 88% of patients reported their willingness to participate in the TB symptom 

screen by HCWs. The main reason reported by HCWs for patients not wanting it was that 

the patient did not have time or felt too ill. No patients were reported by HCWs as having 

difficulty completing the TB symptom screen, but the most challenging part of the screen 

was describing ‘shortness of breath’ to the patient.  

Approximately half (48%) of the patients were estimated to be willing to produce sputum 

for a smear or culture test. Any unwillingness to produce a sputum sample at the DM clinic 

was usually because the patient did not have a productive cough and could not produce 

a sample. 

Between 3% and 15% of patients did not comply with the request to go for a CXR. A fear 

of radiation, stigma associated with TB or not having time to go for the scan were reasons 

suggested. 

The HCWs indicated that an average of 79% of patients were willing to have their blood 

drawn for an IGRA test. A fear of injections was the only reason given for patient 

unwillingness. 

Laboratory staff 

Between 0% and 5% of patients with DM were reported by respondents to not comply 

with the request to go for a CXR. The reason for non-compliance was usually because the 

patient was too ill to get to the radiology department, including challenges such as “a lot 

of TB in the lungs” or gangrene, thus an inability to walk. 

Appropriateness 

Clinic staff 

The smear microscopy and MODS culture tests were deemed to be useful for diagnosing 

TB by 100% of respondents as long as sample coordination is well done to ensure that 

both tests are performed on the same sample (Table 9-17). The CXR was seen as a useful 

test for diagnosing TB by 80% of respondents despite the increased likelihood of 

abnormal or complicated readings in patients with DM, which are potentially caused by 
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an enlarged heart, other cardiovascular disease or “old TB” that should really be 

suggestive of inactive TB. An additional challenge of using CXRs to diagnose TB in 

Indonesia was that a nurse could only do a referral for a CXR if there is no doctor in the 

facility and this creates situations where referrals do not happen if the doctor is in the 

facility, but too busy to do the referral. 

The TB symptom screen was seen as appropriate for diagnosing TB by 80% of respondents, 

but they qualify that the test should include better definitions of the terms in order to 

improve the understanding of both the clinician and the patient. The respondent who did 

not find the TB symptom screen useful cautioned that the test was only appropriate for 

diagnosis if other screens were used with the test. 

Only 40% of the clinicians interviewed indicated that the IGRA test was useful for 

diagnosing TB. Several reasons were listed for it being unsuitable, including it being 

designed for detecting latent TB only, being a technically demanding test to perform as 

well as being expensive, with other cheaper options available, such as the Mantoux test. 

Table 9-17: Test appropriateness for diagnosing tuberculosis from perspective of 
health care workers in Indonesia and Peru 

Test 

Proportion of respondents indicating test 

is useful for diagnosing TB (%) 

Clinic staff Laboratory staff 

TB symptom screen 83 N/A 

CXR 88 100 

Smear microscopy (Z-N) 100 100 

MODS culture 100 100 

IGRA 50 75 

TB: tuberculosis; CXR: chest x-ray; Z-N: Ziehl-Neelsen; MODS: microscopic-observation drug-susceptibility; 
IGRA: interferon gamma release assay 
T1: within 2 months of ending patient recruitment in TANDEM study  
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Laboratory staff 

The CXR, smear microscopy, MODS culture and IGRA tests were all reported to be useful 

for diagnosing TB by 100% of laboratory technicians interviewed (Table 9-17). There was 

a recognition that while the smear was appropriate, culture is the gold standard for TB 

diagnosis. MODS was identified as being faster and more sensitive than smear and solid 

culture but with a higher rate of contamination. MODS was identified as the best culture 

test option but it is not well known and strict quality control measures are needed to 

ensure a primary contamination rate of under 5%. While the IGRA test was seen as a 

good option for diagnosing TB, several weaknesses of the test were identified, including 

an unacceptably high proportion of indeterminate results, the reason for which is often 

unknown. Potential reasons for indeterminate results included “warm samples occurring 

during transportation”; low CD4 count of patient; unknown patient medication or other 

unknown medical history; or tubes shaken because patient moves around when blood 

being drawn.  

Quality – samples  

Clinic staff 

Staff members performing interpretation of CXRs reported no compromised tests (Table 

9-18), but those performing the IGRA blood collection had a high proportion of 

compromised samples (17%), which were reported to be due to improper processing of 

the sample in the tube; haemolysis; and using expired tubes. Sputum samples were 

reported to be compromised for approximately 6% of patients who produced saliva 

instead of sputum or when the samples were lost due to mislabelling. 
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Table 9-18: Compromised tests or samples for tuberculosis testing as reported by clinic staff in Indonesia and Peru# 

 TB symptom 
screen 

CXR referral CXR interpretation Sputum collection IGRA blood 
collection 

Number of tests performed 
(mean) 

360 275 130 45 188 

Proportion of staff with a 
compromised test 

N/A 80% 0% 80% 80% 

Number of compromised 
tests (mean) 

N/A 17.5 0 4.8 31.7 

Proportion of tests 
compromised 

N/A 6.4% 0.0% 10.6% 16.8% 

#No health care workers were available in Peru 

TB: tuberculosis; CXR: chest x-ray; IGRA: interferon gamma release assay; N/A: not applicable
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Laboratory staff 

All laboratory technicians reported that internal quality control was done for the smear 

microscopy, MODS culture and IGRA tests, with all respondents accurately describing the 

process for the smear microscopy and IGRA. An average of 38% of sputum samples were 

reported to be good quality (Table 9-19). The most common reasons for poor quality 

samples were dirty or broken containers, and “too much saliva because the patient does 

not understand how to produce a good sample”. The volume of blood required for the 

IGRA test was correct in approximately 90% of the samples produced. In cases where 

there was too much blood in the tube, it was suggested to be caused by the nurse using a 

syringe or pipette to measure out 1 ml of blood but in reality less than 1 ml of blood being 

required to reach the 1 ml mark on the tube because of the EDTA chemical already in the 

blood collection tube. 

Internal quality control was performed most frequently (1.5 times) and for the longest 

amount of time (167 minutes) for the MODS culture test. However, the MODS culture test 

had the highest proportion of compromised tests (7%) due to spilt, damaged, mislabelled 

or lost samples, as well as insufficient sputum for analysis. The only reason reported for 

compromised CXRs (1% of images) was misspelling of patient names so that results could 

not be matched to the correct patient file. Compromised IGRA tests were reported to be 

due to wrong caps being used for the IGRA tube; missing labels on tube; low concentration 

of sample because of too much blood in tube; unknown patient co-morbidities; bubbles 

in the wells during analysis and incorrectly harvested and processed samples. 
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Table 9-19: Sample quality for tuberculosis tests as reported by laboratory staff at the 
end of patient recruitment in Indonesia and Peru# 

 
CXR 

Z-N smear 
microscopy 

MODS 
culture 

IGRA 

Number of tests performed 
(mean) 

275 3,733 288 236 

Proportion of respondents 
saying samples usually good 
quality 

N/A 38% 86% 97% 

Proportion of respondents 
saying samples usually 
sufficient volume 

N/A 65% 72% 90% 

Proportion of respondents 
indicating internal quality 
control performed 

N/A 100% 100% 100% 

Proportion of respondents 
accurately describing quality 
control process 

N/A 100% 83% 100% 

Weekly internal quality 
control frequency 

N/A 
0.5 1.5 1.3 

Time spent on internal quality 
control (in minutes) 

N/A 
86.7 166.7 40.0 

Proportion of staff with a 
compromised test 

100% 100% 100% 100% 

Number of compromised tests 
(mean) 

2.5 206.7 19.3 3.0 

Proportion of tests 
compromised 

0.9% 5.5% 6.7% 1.1% 

#No health care workers were available in Peru 
TB: tuberculosis; CXR: chest x-ray; Z-N: Ziehl-Neelsen; MODS: microscopic-observation drug-susceptibility; 
IGRA: interferon gamma release assay; N/A: not applicable 

Quality – equipment  

Laboratory staff 

The annual breakdown frequency for the x-ray machine was 0.1 times with a mean down 

time of two days. The smear microscopy and MODS culture equipment breakdown more 

frequently each year (0.3 and 0.8 times, respectively) but both had a mean down time of 

seven days. The CXR, smear and culture equipment were each calibrated once per year by 

an external supplier. The IGRA equipment was calibrated 4.3 times per year, also by an 

external supplier. 
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Logistics and feasibility of performing tests and reporting results 

Clinic staff 

The test results were reported to be returned to the DM clinic by paper by 80% of the 

respondents for the smear microscopy, MODS culture and IGRA. Only 20% of respondents 

indicated that patients were always told the MODS culture results, 40% of respondents 

performing the CXR referral and smear microscopy said that patients were always told the 

results and 60% of respondents for the IGRA test. 

All the respondents reported that there was sufficient staff to perform CXR interpretation 

and IGRA blood collection. Only 50% felt there was enough staff at present to perform the 

CXR referral and 80% shared that opinion for the TB symptom screen and the sputum 

collection. 

Approximately 3% of patients had to return to the health facility on a different day to get 

a CXR, as reported by staff referring and interpreting the CXRs. 

Laboratory staff 

When laboratory technicians were interviewed, all indicated that the results for the CXR, 

MODS culture and IGRA were returned to the clinic using paper results that were delivered 

by laboratory or clinic staff. For the smear microscopy, 33% of respondents indicated that 

the paper results were collected by the patient from the laboratory and taken to the clinic. 

All of the technicians analysing the IGRA blood felt that there was sufficient staff to 

perform the test in routine service. Only 50% of respondents felt there was sufficient staff 

for the CXR and MODS culture, and even less (33%) felt there was sufficient staff for the 

smear microscopy. 

Accessibility 

Clinic staff 

Both of the clinicians interpreting CXRs in Indonesia indicated that the CXR was routinely 

available at the health facility and routinely prescribed to patients with DM. Of the five 

doctors interviewed about the TB symptom screen, sputum collection and CXR referrals, 

none said the symptom screen or sputum collection was available at the health facility. 

Eighty percent indicated that the CXR was routinely available, but no one said it was 
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routinely prescribed to people with TB. The main reason for a test not being prescribed to 

people with TB was because the test was never part of the diagnosis algorithm (CXR and 

IGRA each by 67% of respondents). 

The nearest facilities to the RSHS in Indonesia where sputum collection and the IGRA test 

were available were five minutes away walking for the sputum collection in another part 

of the facility and two kilometres for the IGRA test at another public health facility or a 

private laboratory. 

Clinicians at the Endocrinology clinic at RSHS felt that 100% and 58% of patients at the 

clinic could not access sputum collection or the IGRA blood test, respectively. 

Laboratory staff 

When technicians were interviewed, 100% indicated that the CXR, sputum smear and 

IGRA were routinely available at their laboratory but only 67% felt that the MODS culture 

test was available. The MODS culture test was reported to be unavailable because it was 

used in projects only (33%) or because the high workload from other tests meant that 

MODS culture could not be integrated into the laboratory’s routine services (17%). The 

respondents indicated that the solid culture (83%) or the sputum smear (17%) was 

performed instead of the MODS culture test. The nearest facility to obtain a MODS culture 

test was reported to be at least five hours and 15 minutes away by one respondent.  
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Discussion 

Key findings 

In this study, we reviewed the operational feasibility of HCWs performing DM tests in 

people with TB at DOTS clinics and TB tests in people with DM at DM clinics. We found 

that while DM POC tests performed better according to the domains of the study, neither 

the RPG nor the HbA1c had a clear advantage. For TB diagnosis, CXR performed the best 

but was not considered to be appropriate for TB diagnosis. 

Summary of findings 

Despite the urine dipstick performing well in several domains at T0 and T1, HCWs never 

felt that the test was appropriate for diagnosing DM. The POC RPG test was rated well in 

six of the seven operational feasibility domains at T0 but its user friendliness, equipment 

quality, appropriateness and perceived patient acceptability were lower at T1, with the 

POC HbA1c test performing better in the equipment quality and appropriateness domains. 

In terms of identifying a suitable and operationally feasible POC test for diagnosing DM, 

since the appropriateness of the POC HbA1c test improved over time, suggesting that on-

the-job training for the operation of the machine was better at getting convincing HCWs 

of their usefulness than the extended training times, this should be considered during 

implementation. Additional concerns that need to be addressed for the POC HbA1c are 

poor sample quality, compromised tests, and technically demanding operation.  

Finger prick is often perceived as a favourable form of sample collection but it was 

perceived to be less acceptable to patients with TB in Indonesia and Peru than a blood 

draw for the laboratory HbA1c test. Therefore, identifying a sample collection method that 

is less invasive than the finger prick could also greatly improve the uptake of DM testing 

in patients with TB.  

CXR was the most operationally feasible test for TB in Bandung from the perspective of 

clinic and laboratory staff. While many staff acknowledged that the IGRA test detects 

latent TB infection and therefore not appropriate for diagnosing active TB, the blood 

collection and analysis processes were thought to be the most feasible in terms of sample 

collection, analysis and having sufficient staff available to perform these tasks. Analysis of 
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the test was also favoured because of the short time required for training and the 

accessibility at various laboratories, once the testing kit was purchased. These findings 

highlight the type of test for detecting active TB that could have the best uptake by staff. 

Limitations of the operational feasibility study 

It was difficult identifying some HCWs and getting permission to interview them, but once 

they committed to the interviews they were fully engaged in the questionnaires and 

ensured that the information was useful for improving the potential integration of TB and 

DM services. It was initially hoped that information from TANDEM’s online database, 

REDCap, would be able to supplement and verify these data (e.g. time to perform tests), 

but the database did not have the capacity to offer this type of validation. 

Performing a second round of questions with HCWs for the DM tests helped us understand 

how or if some of the issues can be resolved. Unfortunately, questions about the TB tests 

were only asked at one time point because there was no capacity to interview the HCWs 

near the start of recruitment of patients with DM. 

The variability in the quality of the verbal translations from English to Bahasa by three 

different TANDEM staff is unknown and could not be controlled. There was not enough 

data from Romania or South Africa due to the lack of capacity to conduct interviews so 

those countries were not included in the analysis. 

We could not calculate the participation rate of the OF study because a sampling frame 

was not available and it was therefore impossible to capture all of the staff who 

participated in bi-directional screening activities. 

Implications for research 

A more detailed analysis of the feasibility of implementing DM screening tests in settings 

where patients with TB are being diagnosed and treated is needed. From the perspective 

of HCWs, the themes identified that require additional research include more focused 

training for clinicians about hyperglycaemia, diabetes and interpreting results of DM 

screening and diagnostics tests in patients at various stages of TB infection and disease; 

and better performing POC machines that require less calibration and maintenance. 

Studies also need to be performed from the perspective of patients being screened for 
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concurrent disease. In patients who are already ill, it is important to understand what is 

acceptable for them in terms of additional tests and therefore additional time engaged 

with the health care system. Interviews with HCWs identified that the most acceptable 

form of sample collection for patients did not correlate with the most appropriate and 

feasible diagnostic tests. 

Implications for policy 

Separate analysis assessing the cost per accurate diagnosis indicated that screening 

people with TB for DM is less costly per case accurately diagnosed than screening people 

with DM for TB (Laurence et al., forthcoming – Research Paper 3). The former pathway of 

DM screening would yield more cases given the higher prevalence of DM than active TB 

in Indonesia and Peru, but the economic burden on the health system is unknown. As the 

RCT is ongoing at the time of writing, we cannot derive the full cost of bi-directional 

screening when treatment is included. Without this comprehensive understanding of the 

cost-effectiveness of detecting and treating people with TB-DM, we recommend further 

investigation of the implementation of DM tests within vertical TB DOTS programmes in 

the short term. Additionally, in the long term, ensure that a collaborative relationship is 

fostered between TB and chronic disease programmes as their integration progresses. 

While this study did not assess operational feasibility of stepped diagnostic algorithms, 

this format was previously found to be the most appropriate approach and needs to be 

considered when developing policies for the detection of DM in people with TB (Laurence 

et al., forthcoming – Research Paper 3).  

The most appropriate and feasible screen for DM in patients with TB was the POC HbA1c 

test but this should be combined with a diagnostic test, such as the laboratory HbA1c test, 

which was reported to be more acceptable to patients than the FBG test. 

Implications for implementation into routine practice 

There were challenges for integrating TB and DM services at both the clinical and 

administrative levels. This was particularly the case for TB tests in Peru (at the 

endocrinology clinics and laboratories performing analysis for TB tests), where the 



Chapter 9: Operational feasibility of bi-directional screening for tuberculosis and diabetes 
in Indonesia and Peru 

 

281 

TANDEM RCT was discontinued due to inability to engage stakeholders to perform 

integrated screening and treatment for concurrent TB-DM. 

The urine dipstick was the most operationally feasible of DM screening tests but was 

categorically identified as inappropriate for diagnosing DM in patients with TB. The POC 

HbA1c test was identified as having been logistically feasible, accessible and appropriate 

and therefore could be implemented into routine practice if concerns about the sample 

collection quality and patient acceptability are addressed in collaboration with the 

manufacturers. 
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Conclusion 

Using the most operational feasible test improves diagnosis and facilitates better care of 

people with TB-DM. The POC HbA1c was the most operationally feasible test for identifying 

TB-DM in Indonesia and Peru, but would require further assessment to maximise its ability 

to improve the care of people with concurrent disease. The CXR was also overwhelmingly 

identified as the most operationally feasible test for TB in people with DM but only the 

smear and culture tests were considered appropriate by the HCWs for diagnosing TB, 

which is an important consideration for successful implementation of diagnostic tests. 

Therefore, it is still not clear which TB test is the best option. However, the accessibility, 

training time and logistical feasibility of the blood collection and analysis of the IGRA test 

are attributes that need to be considered, along with the performance time, user 

friendliness and acceptability of the CXR and the appropriateness of the smear and 

cultures tests, if implementation of TB screening in patients with DM is attempted.  

 

End of Research Paper 4



Chapter 10: Health-related quality of life 
 

283 

 

Chapter 10 Health-related quality of life 

The data presented in this chapter are not complete since, at the time of analysis in 

October 2016, TANDEM patients were still being recruited for the RCT in Indonesia. 

Recruitment ended in February 2017 but patients are still undergoing treatment and 

follow-up in the RCT. After the recruitment of patients with TB for DM screening in 

Indonesia, Peru and Romania, patients with TB and DM were initially randomised into the 

RCT in Indonesia and Romania. However, as discussed in Chapters 1 and 4, the RCT in 

Romania was discontinued before any patients reached the six-month mark, leaving the 

RCT functioning in Indonesia only.  

Only 27 of the expected 120 patients with TB-DM in Indonesia have completed the 18 

months of the DM management. Therefore, the results below are based on preliminary 

analysis. 

10.1 Introduction 

TB and DM both independently impact on the subjective well-being of people suffering 

from the two diseases and the potential complications from either disease, including 

pleural effusion, pneumothorax, opportunistic infections (such as HIV), heart and blood 

vessel disease, or nerve, kidney, eye or foot damage. The treatment regimens that are 

meant to make patients feel better may also worsen the patient-reported outcomes (PRO) 

before improving it (Atif et al., 2014). The three main domains that are used to capture 

the health-related quality of life (HRQoL) of patients are physical, mental and social. The 

combined impact on HRQoL for patients with concurrent TB and DM is not evident from 

any published literature. 

In addition to the primary health outcome of average change in plasma glucose 

concentration (%), TANDEM measured the baseline HRQoL of all people enrolled with TB 

as well as that of people in the RCT with TB-DM at key time points: at time of diagnosis, 

end of TB treatment and end of DM management follow-up.  
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There are disease specific and generic instruments for measuring HRQoL. A TB specific 

tool, DR-12 was identified at the beginning of TANDEM, but it had not been used outside 

of India and the validation of the tool was not thought to be thorough (Dhingra and Rajpal, 

2005). Another tool that has been used to assess the HRQoL of people with TB is the St 

George’s Respiratory Questionnaire (SGRQ), but this is not specific to TB (Ralph et al., 

2013). The SGRQ was designed to more broadly assess respiratory diseases and while 

there have been attempts to validate for TB (Pasipanodya et al., 2007), it has not been 

widely recognised as a TB-specific health outcome measure (Kastien-Hilka et al., 2016a). 

Several generic tools have been used to capture the HRQoL of people with TB or with DM. 

These include the Medical Outcome Study’s 36-item short form health survey (SF-36) 

(Jaber et al., 2016), variations of that instrument with fewer dimensions (e.g SF-6D or SF-

12) (Neumann et al., 2014, Wong et al., 2016) (Louw et al., 2016) or revisions to the 

original tool (e.g. SF36v2) (Kisaka et al., 2016). The World Health Organization Quality of 

Life-BREF (WHOQOL-BREF) questionnaire was considered to be unsuitable for this study 

since it measures global quality of life rather than HRQoL (Huang et al., 2006), despite 

having been previously used to measure HRQoL in people with TB (Aggarwal et al., 2013). 

EuroQol’s five-dimension, three-level instrument (EQ-5D-3L) is another commonly used 

generic instrument for describing and valuing HRQoL (Kruijshaar et al., 2010, Grandy et 

al., 2014). A more reliable and sensitive version of the EQ-5D tool was developed with five 

levels instead of the previous three levels. This new tool, the EQ-5D-5L (Appendix Z), is 

validated and has been used to assess the HRQoL in people with DM and is ongoing for 

people with TB (Matza et al., 2015, Kastien-Hilka et al., 2016b). In addition to the five 

dimension questions, the EQ-5D-5L also includes a visual analogue scale (EQ VAS). 

Since there is no widely accepted, validated TB specific measure for HRQoL, the EQ-5D-

5L, a more sensitive version of the EQ-5D-3L with five-levels, was used in this study (Guo 

et al., 2009, Diel and Lampenius, 2014, Kastien-Hilka et al., 2016a). In addition, the EQ-5D-

5L can be used to calculate quality-adjusted life years, which is needed for cost-

effectiveness analysis of the DM intervention. This cost-effectiveness analysis will not be 
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included in this thesis, but upon completion of the RCT. At baseline, the EQ-5D-5L was 

compared to the EQ VAS and the Karnofsky performance scale index.  

The aims of this study were to describe and compare the HRQoL of people with TB only 

with people with TB-DM before the start of treatment for TB or DM; and to determine the 

change in HRQoL over time in people receiving treatment for concurrent TB-DM in two 

DM management groups (standard care versus enhanced intensive monitoring with 

education and counselling). This is the first known study to assess the quality of life of 

people with concurrent TB and DM. 

10.2 Methods 

10.2.1 Data collection and instruments 

The HRQoL experienced by adults (18 years and over) diagnosed with active pulmonary 

TB and in TB treatment for less than 72 hours at the time of DM screening was measured 

using EuroQol’s EQ-5D-5L, which is a generic, validated, PRO measurement tool 

(Rotterdam, The Netherlands) (Appendix Z). The baseline HRQoL assessment was 

administered to 1,972 patients with TB recruited for TANDEM in Indonesia, Peru, and 

Romania (Table 10-1). A sample size of 2,000 people in the three countries was estimated 

using the exact mid-P method, based on the combined testing approach having a 

sensitivity of 90%, with an estimated undiagnosed DM prevalence of 8% and a precision 

(95%) of +/- 0.15 at each site. In Peru and Romania, the self-complete version for tablets 

was used and in Indonesia, the self-complete version for a laptop was used.  
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Table 10-1: Sample sizes for EQ-5D-5L profiles for people with TB and TB-DM at 
baseline and those included in the randomized controlled trial in Indonesia, Romania 
and Peru 

 TB only TB-DM Total 

recruitment 

TB-DM included in 

RCT 

Proportion of TB-DM 

in RCT 

Indonesia 685 177* 862 120 67.8% 

Romania 421 88* 509 40 45.5% 

Peru 549 52 601 0 NA 

Total 1,655 317 1,972 160  

TB-tuberculosis; DM-diabetes mellitus; RCT-randomised controlled trial; NA-not applicable 
*A total of 105 people with TB-DM were excluded from the randomised controlled trial in 
Indonesia and Romania; reasons for exclusion included patient refusal, patient lives too far away, 
HIV positive, MDR-TB, patient too ill due to severe complications, such as renal failure, and already 
on TB treatment more than 72 hours 
 
 

In Indonesia, HRQoL (EQ-5D-5L and EQ VAS) data were collected from patients in the RCT 

at baseline, six, 12, and 18 months. In Romania, HRQoL was collected at baseline only 

since the RCT was discontinued after initially enrolling 40 people with TB-DM, but before 

most of the enrolled patients completed the six months of TB and DM treatment. This was 

due to discordance between the TANDEM and Romanian DM management protocols and 

the fact that TB clinicians cannot legally provide DM care. A total of 160 patients with TB-

DM were enrolled in the RCT in Indonesia and Romania where they received six months 

of TB and DM treatment and an additional 12 months of follow-up (Table 10-2). As of 

October 2016, only 27 patients with TB-DM have completed the RCT and 12 months of 

follow-up in Indonesia. 

Table 10-2: EQ-5D-5L data points for people with TB-DM in Indonesia and Romania 

 Indonesia Romania Total 

Baseline 120 40 160 

6 months 84 15 99 

12 months 49 NA 49 

18 months 27 0 27 

NA-not applicable 
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EQ-5D-5L consists of five generic health questions or dimensions that address patient 

mobility, self-care, usual activities, pain or discomfort and anxiety or depression. Each 

dimension can be assessed by five possible levels of health status that increase in severity, 

from “1” representing “no problems”, “2” representing “slight problem”, “3” representing 

“moderate problems”, “4” representing “severe problems” and “5” representing 

“extreme problems” or “unable to function”. The EQ VAS, which is a vertical, visual 

analogue scale (VAS) ranging from 0 (the worst health imaginable) to 100 (the best health 

imaginable), was also administered to patients. The EQ-5D-5L and EQ VAS instruments 

were included in TANDEM’s electronic case report form (CRF) and administered to all 

patients by a health professional. The patient was asked to rate their own current health 

state on that day and the health professional recorded the response in the electronic CRF. 

The EQ-5D-5L and EQ VAS took approximately five minutes to administer and were the 

officially translated versions in Bahasa, Peruvian Spanish and Romanian that have been 

specifically validated for Indonesia, Peru, and Romania, respectively ((EuroQol, 2016)). 

The Karnofsky Performance Scale Index was also included for all TANDEM patients. This is 

a clinician-assessed tool that classifies patients by their level of functional impairment on 

an 11-point scale ranging from 0%, denoting death, to 100%, denoting no evidence of 

disease and no symptoms. 

In addition to the demographic information collected at baseline, clinical information was 

also recorded, including smoking status and history, body weight and height, other current 

treatment regimens or DM complications (including myocardial infarction, heart failure, 

nephrology, neuropathy, visual impairment or loss). People with serious co-morbidities, 

including HIV, Type 1 DM, or cancer, were excluded from the RCT. 

All data were securely stored in the centralised REDCap database. 
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10.2.2 Data analysis 

In order to determine the health states associated with DM management in people with 

TB in Indonesia, Peru and Romania, a single weighted index (utility) value was obtained by 

performing a crosswalk to existing general population value sets. Since there were no 

population based preference values for any of the TANDEM countries, the value sets for 

Thailand, the UK and Spain and were used for Indonesia, Peru and Romania, respectively. 

The range of the index values is -0.452 to 1.000 for Thailand, -0.594 to 1.000 for the UK, 

and -0.654 to 1.000 for Spain; with 1 representing full health and 0 representing death, 

and a negative value representing where respondents valued their health status to be 

worse than death (Lamers, 2007). 

The Thai value sets was used for Indonesia as it was considered to be the most culturally 

similar of the value sets available. Similarly, Spain was used for Romania because it was 

more culturally similar to Romania than the UK as well as having a 2014 GDP per capita 

that was close to that of Romania. Despite the UK being culturally very different from 

Peru, the UK value set has been shown to be a reasonable option for countries without 

their own value set, particularly in multinational studies, because of its large sample size 

(Oppong et al., 2013). To assess the degree of uncertainty of the chosen value sets, 

sensitivity analyses were performed by using the UK value set for Indonesia and Romania 

and the Thai value set for Peru. 

The value sets are based on a survey of the health preferences of the general population 

of that country using the EQ-5D-3L survey (Kind et al., 1998). The five-level value set for 

the EQ-5D was mapped or “cross-walked” to the already established three-level value set 

(van Hout et al., 2012). 

People with TB only versus people with TB-DM 

At baseline, the frequency and proportion of the health state in each dimension were 

assessed for people with TB only and for those with TB-DM in Indonesia, Peru and 

Romania. Pearson’s chi-squared test was used to determine if there was a difference in 
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HRQoL between the two groups of patients. Where there were five or less responses 

within a dimension, the Fisher’s exact test was used. The 2-sample t-test was used to 

assess the difference in the mean EQ VAS scores between people with TB only and those 

with TB-DM. 

The health status levels were collapsed from five to three levels (no problem, 

slight/moderate problems and severe/extreme problems) and to two levels (no problem 

and any problems). The HRQoL of the two groups was again compared using Pearson’s 

chi-squared test or Fisher’s exact test for small cell values.  

Simple and multiple linear regression analysis was performed to determine whether there 

was a difference in the HRQoL utility scores between people with TB only and people with 

TB-DM when considering the following confounders: sex, age, current smoking status and 

socio-economic status. A multiple linear regression model was built including all variables 

in the final model. Since both age and sex influence utility scores and disease status (TB 

versus TB-DM), interactions between age and sex were assessed. The regression 

coefficients (β) and p-values from each linear regression model were reported.  

People with TB-DM in the standard care and intensive monitoring arms of the RCT 

The χ2 test was used to determine differences in sex, educational level, socio-economic 

status, employment status, smoking status and DM complications between patients in the 

standard care and intensive monitoring arms of the RCT at baseline. The Student’s t-test 

was used to investigate the difference in mean values of age between the two RCT arms. 

For people with TB-DM in the RCT, the proportions with respect to the patient responses 

for the five EQ-5D-5L dimensions and the mean EQ VAS value were assessed. The 

difference in the patient responses for each dimension and at each time point between 

the two RCT arms was assessed using the Fisher’s exact test for the EQ-5D-5L and the two-

sample t-test for the EQ VAS.  
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The Wilcoxon rank sum test then compared the mean ranks of the EQ-5D-5L utility scores 

at each time point for people in the standard care and intensive monitoring arms of the 

RCT. The Wilcoxon rank sum test was performed instead of the Student’s t-test for the 

utility scores because they were not normally distributed. 

Subsequently, the change over time of the EQ-5D-5L utility scores of people in the two 

arms of the RCT was assessed using a random effects longitudinal regression. This was 

assessed at baseline and six months (the end of TB treatment); there were insufficient 

data points at the 12- and 18-month follow-up periods (Table 10-2) so they were not 

included in the analysis, but the random effects model will be run again at the end of the 

study to include all patients and the HRQoL measures at all time points. The model 

controlled for individual patient characteristics at baseline, including sex, age, smoking 

frequency, presence of any DM complications and socio-economic status. 

Pair-wise correlation between the EQ-5D-5L utility score, EQ VAS, the Karnofsky Index and 

age was assessed for all patients at baseline. Age and the Karnofsky Index were only 

captured at baseline so only the correlation between the EQ-5D-5L utility scores and EQ 

VAS was assessed at six months. 

The sample size that was used to measure quality of life is not based on the expected 

outcome of the EQ-5D-5L, but on the primary outcome of the TANDEM WP2, which is an 

expected HbA1c difference of 1% between the two intervention arms at six months. Any 

participant with a missing EQ-5D-5L value was dropped from the analysis. Potential 

confounders were sex, age, whether the person was a current or previous smoker, socio-

economic status (indices derived using principal component analysis – see Chapter 6) and 

any DM complications. 
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10.3 Results 

10.3.1 Patient characteristics 

People with TB only or TB-DM at baseline 

During recruitment 862, 601 and 509 people with TB were enrolled into TANDEM in 

Indonesia, Peru and Romania, respectively, of which 21% (95% CI: 18.0 to 23.3), 9% (95% 

CI: 6.6 to 11.2) and 17% (95% CI: 14.2 to 20.8) also had DM (Table 10-3). 

The mean age at enrolment of patients in Indonesia was 41 years (SD=14.3), 35 years 

(SD=15.0) in Peru and 44 years (SD=16.0) in Romania. The majority of patients were male 

(57%, 58% and 70% in Indonesia, Peru and Romania, respectively) and had completed at 

least secondary school (47%, 60% and 70%, respectively). The ethnic composition in the 

Indonesian cohort was 87% Sunda and 8% Jawa. In Peru and Romania, the majority (97%) 

of patients were one ethnicity; Mestizo in Peru and Romanian in Romania.  

Participant completion of the baseline EQ-5D-5L questionnaire was 99% in Indonesia, 95% 

in Peru and 97% in Romania, of which 8%, 8% and 5% had a perfect health state (11111 

profile), respectively. Participants in Romania had the highest mean EQ VAS and Karnofsky 

scores of 81.4 (SD=10.5) and 86.0 (SD=8.3), both out of a total of 100. Both the EQ VAS 

and Karnofsky scores were lowest in Indonesia at 69.3 (SD=16.7) and 78.6 (SD=13.8), 

respectively. In Peru, the mean EQ VAS score was 77.3 (SD=37.3) and the mean Karnofsky 

score was 85.4 (SD=9.33). 
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Table 10-3: Baseline characteristics of participants with TB and TB-DM in Indonesia, 
Peru and Romania 

    Indonesia Peru Romania 

Characteristic Categories n= 862 n= 601 n= 509 

    n % n % n % 

Sex Female 374 43.4 252 41.9 146 28.7 
 

Male 488 56.6 348 57.9 356 69.9 

Age, years < 40 430 49.9 426 70.9 207 40.7 
 

≥ 40 432 50.1 177 29.5 297 58.3 

Married No 229 26.6 419 69.7 187 36.7 
 

Yes 633 73.4 181 30.1 315 61.9 

Socio-economic  Poorest 225 26.1 137 22.8 176 34.6 

status Poor 213 24.7 97 16.1 122 24 
 

Middle income 206 23.9 83 13.8 100 19.6 
 

Upper middle income 145 16.8 76 12.6 67 13.2 
 

Richest 66 7.7 65 10.8 26 5.1 

  Missing 7 0.8 143 23.8 18 3.5 

Educational Level Up to primary school 299 34.7 99 16.5 48 9.4 
 

Up to secondary school 162 18.8 142 23.6 98 19.3  
Above secondary school 401 46.5 358 59.6 354 69.5 

Employment status Paid employment 475 55.1 432 71.9 198 38.9 
 

Unpaid employment 5 0.6 2 0.3 27 5.3 
 

Looking after home/family 253 29.4 78 13 126 24.8  
Unemployed - seeking work 61 7.1 23 3.8 18 3.5  
Unemployed - unable to 
work 

26 3 10 1.7 0 0 

 
Student 27 3.1 50 8.3 22 4.3 

 
Retired 15 1.7 5 0.8 102 20 

  Unknown 0 0 1 0.2 16 3.1 

Any DM No 788 91.4 575 95.7 490 96.3 

complicationsα Yes 74 8.6 26 4.3 19 3.7 

Disease status TB only 685 79.5 549 91.3 421 82.7 

  TB-DM 177 20.5 52 8.7 88 17.3 

Health status EQ-5D state 11111, n (%) 68 7.9 44 7.3 24 4.7 

  EQ-VAS score, mean (SD) 69.3 16.7 77.3 37.3 81.4 10.5 

Karnofsky score Score, mean (SD) 78.6 13.78 85.4 9.33 85.97 8.34 

DM-diabetes mellitus; TB-tuberculosis; Q-quintile; VAS-visual analogue scale; SD-standard deviation;  
αDM complications include cataracts, impaired vision, non-healing wounds, angina or heart failure  
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People with TB-DM receiving standard or intensive DM management in the RCT 

In Indonesia, 120 people with TB-DM were randomised to the trial; 60 to the standard 

care arm and 60 to the intensive monitoring arm. There were 20 people randomised to 

each arm of the RCT in Romania. Again, the majority were male in both countries and in 

both RCT arms (see Table 10-4). The mean age in the standard care arm was greater (56.6 

years) in Romania than in Indonesia (52.1 years). Approximately 45% of participants in 

both arms in Indonesia had obtained no more than primary school education while the 

majority of participants in Romania (85% of intensive monitoring and 70% of standard 

care) had an education level greater than secondary school. 

Approximately a third of trial participants in Indonesia had experienced at least one DM 

complication at the time of enrolment (intensive arm: 38% and standard arm: 33%), while 

in Romania 45% of the participants in the intensive monitoring arm and 25% in the 

standard care arm had at least one DM complication. A perfect health state was reported 

by 10% of intensive monitoring and 8% of standard care participants in Indonesia, but by 

none of the intensive monitoring and one (5%) of the standard care participants in 

Romania. At enrolment, the mean EQ VAS scores were higher in the intensive monitoring 

arms (72 and 83) than in the standard care arms (68 and 79) for Indonesia and Romania, 

respectively. However, the mean Karnofsky index scores were more consistent between 

RCT arms in both Indonesia (approximately 81) and Romania (approximately 87). 

As of 22nd October 2016, approximately 70% of trial participants in Indonesia and 50% in 

Romania had completed the 6-month visit, but one participant in Indonesia did not 

complete the EQ-5D-5L questionnaire and five did not complete it in Romania (Table 10-2 

and Table 10-3). At the 12-month visit, 7.5% (4 out of 53) participants did not complete 

the questionnaire in Indonesia and 100% have not yet completed it in Romania. 
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Table 10-4: Characteristics of people in RCT with TB-DM in Indonesia and Romania 
  

Indonesia Romania 
    Intensive 

monitoring 
Standard 

care 
Intensive 

monitoring 
Standard 

care 

Characteristic Categories n= 60 n= 60 n= 20 n= 20 
    n % n % n % n % 

Sex Female 28 46.7 27 45.0 5 25.0 6 30.0  
Male 32 53.3 33 55.0 15 75.0 14 70.0 

Age, years < 40 5 8.3 3 5.0 1 5.0 3 15.0  
≥ 40 55 91.7 57 95.0 19 95.0 17 85.0 

Married No 5 8.3 8 13.3 1 5.0 2 10.0  
Yes 55 91.7 52 86.7 19 95.0 18 90.0 

Socio-economic Poorest 12 20.0 15 25.0 4 20.0 1 5.0 

status Poor 13 21.7 13 21.7 7 35.0 4 20.0  
Middle income 14 23.3 14 23.3 6 30.0 7 35.0  
Upper middle income 13 21.7 13 21.7 2 10.0 6 30.0  
Richest 7 11.7 5 8.3 1 5.0 1 5.0 

Educational Primary school and below 28 46.7 27 45.0 1 5.0 1 5.0 
level Above primary to secondary 11 18.3 9 15.0 2 10.0 5 25.0  

Above secondary school 21 35.0 24 40.0 17 85.0 14 70.0 

Employment  Paid employment 25 41.7 31 51.7 5 25.0 4 20.0 

status Unpaid employment 0 0.0 1 1.7 0 0.0 0 0.0  
Looking after home/family 28 46.7 23 38.3 7 35.0 6 30.0  
Unemployed - seeking work 3 5.0 4 6.7 0 0.0 0 0.0  
Unemployed - unable to 
work 

1 1.7 0 0.0 0 0.0 0 0.0 

 
Retired 3 5 1 1.7 8 40.0 9 45.0 

  Unknown 0 0.0 0 0.0 0 0.0 1 5.0 

Any DM  No 37 61.7 40 66.7 11 55.0 15 75.0 

complications Yes 23 38.3 20 33.3 9 45.0 5 25.0 

Health status at  EQ-5D state 11111, n (%) 6 10.0 4 6.7 0 0.0 1 5.0 
baseline EQ-VAS score, mean (SD) 72.1 16.7 68.1 15.3 83.3 6.7 79.3 6.9 

Karnofsky score Score, mean (SD) 81.7 9.8 81.2 9.0 86.5 4.9 86.5 5.9 

Visit completed Baseline 60 100 60 100 20 100 20 100  
6 months 45 75.0 40 66.7 12 60.0 8 40.0  
12 months 26 43.3 27 45.0 1 5.0 2 10.0 

  18 months 16 26.7 15 25.0 0 0.0 0 0.0 
DM-diabetes mellitus; TB-tuberculosis; Q-quintile; VAS-visual analogue scale; SD-standard deviation;  
αDM complications include cataracts, impaired vision, non-healing wounds, angina or heart failure 
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10.3.2 Reported patient health profiles 

People with TB only or TB-DM at baseline 

There was no statistically significant difference between TB only and TB-DM patient 

responses at the time of participant enrolment for the dimensions of mobility, performing 

usual activities and experiencing feelings of anxiety or depression (Table 10-5). In 

Indonesia more people with TB-DM reported some degree of problem with self-care 

compared to people with TB only. However, still in Indonesia, more people with TB only 

reported pain or discomfort compared to those with TB-DM (p-value=0.015), with seven 

(1%) people indicating that they were unable to function. The opposite scenario occurred 

in Romania where 21% of people with TB only reported no problems with pain or 

discomfort while 8% of people with TB-DM reported no problems in this dimension (p-

value=0.004). 

People with TB-DM reported a lower mean EQ VAS score of 79.3 than people with TB only 

(81.9) in Romania; while this difference was statistically significant (p-value=0.042) it may 

not be clinically important. There was a ten-point difference in means in Peru, which may 

be manifest clinically but this difference was not statistically significant. 
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Table 10-5: Participant responses to EQ-5D-5L and EQ VAS (health profile) at baseline in Indonesia, Peru and Romania 

  Indonesia Peru Romania 

BASELINE 
TB only 
(n=685) 

TB-DM 
(n=177) 

p-value* 
TB only 
(n=549) 

TB-DM 
(n=52) 

p-value* 
TB only 
(n=421) 

TB-DM (n=88) p-value* 

  n % n %   n % n %   n % n %   

Mobility                

No problem 421 61.5 97 54.8 

0.177 

415 75.6 35 67.3 

0.053 

341 81.0 63 71.6 

0.057 
Slight problem 158 23.1 55 31.1 118 21.5 12 23.1 48 11.4 17 19.3 
Moderate problems 65 9.5 18 10.2 13 2.4 4 7.7 21 5.0 5 5.7 
Severe problems 27 3.9 6 3.4 1 0.2 1 1.9 3 0.7 3 3.4 
Unable to function 14 2.0 1 0.6 1 0.2 0 0.0 2 0.5 0 0.0 
Missing 0 0.0 0 0.0   1 0.2 0 0.0   6 1.4 0 0.0   

Self-care                

No problem 571 83.4 135 76.3 

0.006 

457 83.2 38 73.1 

0.120 

381 90.5 76 86.4 

0.264 
Slight problem 54 7.9 31 17.5 84 15.3 11 21.2 27 6.4 8 9.1 
Moderate problems 28 4.1 7 4.0 5 0.9 2 3.9 4 1.0 2 2.3 
Severe problems 12 1.8 1 0.6 1 0.2 0 0.0 1 0.2 1 1.1 
Unable to function 18 2.6 3 1.7 0 0.0 0 0.0 2 0.5 0 0.0 
Missing 2 0.3 0 0.0   2 0.4 1 1.9   6 1.4 1 1.1   

Usual activities                

No problem 305 44.5 72 40.7 

0.324 

380 69.2 31 59.6 

0.246 

245 58.2 43 48.9 

0.149 
Slight problem 179 26.1 53 29.9 158 28.8 19 36.5 127 30.2 35 39.8 
Moderate problems 79 11.5 27 15.3 8 1.5 2 3.9 38 9.0 8 9.1 
Severe problems 36 5.3 7 4.0 2 0.4 0 0.0 2 0.5 2 2.3 
Unable to function 86 12.6 16 9.0 0 0.0 0 0.0 2 0.5 0 0.0 
Missing 0 0.0 2 1.1   1 0.2 0 0.0   7 1.7 0 0.0   

Pain/discomfort                

No problem 141 20.6 57 32.2 

0.015 

122 22.2 11 21.2 

0.472 

87 20.7 7 8.0 

0.004 
Slight problem 301 43.9 64 36.2 323 58.8 28 53.9 285 67.7 65 73.9 
Moderate problems 156 22.8 34 19.2 64 11.7 9 17.3 37 8.8 15 17.1 
Severe problems 79 11.5 22 12.4 13 2.4 2 3.9 3 0.7 1 1.1 
Unable to function 7 1.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
Missing 1 0.2 0 0.0   27 4.9 2 3.9   9 2.1 0 0.0   
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  Indonesia Peru Romania 

BASELINE 
TB only 
(n=685) 

TB-DM 
(n=177) 

p-value* 
TB only 
(n=549) 

TB-DM 
(n=52) 

p-value* 
TB only 
(n=421) 

TB-DM (n=88) p-value* 

  n % n %   n % n %   n % n %   

Anxiety/depression                

No problem 236 34.5 72 40.7 

0.538 

133 24.2 6 11.5 

0.083 

91 21.6 12 13.6 

0.466 
Slight problem 197 28.8 43 24.3 342 62.3 36 69.2 296 70.3 69 78.4 
Moderate problems 149 21.8 34 19.2 64 11.7 8 15.4 22 5.2 5 5.7 
Severe problems 89 13.0 25 14.1 9 1.6 2 3.9 1 0.2 0  

Unable to function 12 1.8 3 1.7 0 0.0 0 0.0 1 0.2 0  

Missing 2 0.3 0 0.0   1 0.2 0 0.0   10 2.4 2 2.3   

                

EQVAS score                

Score (mean, SD) 69.42 16.73 68.62 16.4 0.571 78.16 38.57 68.27 17.9 0.068 81.86 10.8 79.34 9.0 0.042 
Missing (n, %) 4 0.6 0 0.0   1 0.2 0 0.0   7 1.7 0 0.0   

*Fisher’s exact test was used due to small cell values; missing values were not included in analysis 
A p-value<0.05 was considered to be significant
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People with TB-DM receiving standard or intensive DM management 

The difference in responses between people with TB-DM in the standard care and 

intensive monitoring arms of the RCT at different time points was assessed for Indonesia 

(baseline, six, 12 and 18 months) and Romania (baseline and six months), the two 

countries where the RCT occurred (Table 10-6 and Table 10-7). 

There was no difference in the participant responses to the EQ-5D-5L between the people 

in the standard care and those in the intensive monitoring arms at any time point in either 

country (Table 10-6 and Table 10-7). 

In Indonesia the EQ VAS score for people with TB-DM is improving over time, but the only 

significant difference in the mean score between the two RCT arms was at 18 months (p-

value=0.021), where counter-intuitively the mean EQ VAS in the intensive monitoring arm 

(mean=71, SD=22.3) is 16 points less than that of the standard care arm (mean=87, 

SD=11.0). This may be driven by the domains of usual activities, pain/discomfort and 

anxiety/depression.
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Table 10-6: Participant responses to EQ-5D-5L and EQ VAS (health profile) over four time points in Indonesia 

 Baseline  6 months  12 months  18 months  

  

Standard 
care 

(n=60) 

Intensive 
monitoring 

(n=60) 

 
p-value* 

Standard 
care 

(n=40) 

Intensive 
monitoring 

(n=44) 

 
p-value* 

Standard 
care 

(n=25) 

Intensive 
monitoring 

(n=24) 

 
p-value* 

Standard 
care 

(n=14) 

Intensive 
monitoring 

(n=13) 

 
p-value* 

  n % n %  n % n %  n % n %  n % n %  

Mobility                     

No problem 33 55.0 38 63.3  
 

0.575 

30 50 39 65.0  22 36.7 19 31.7  13 21.7 11 18.3  
Slight problem 22 36.7 16 26.7 10 17 5 8.3  3 5.0 4 6.7  1 1.7 1 1.7  
Moderate problems 3 5.0 5 8.3 0 0 0 0.0 0.154 0 0.0 1 1.7 0.553 0 0.0 0 0.0 0.730 
Severe problems 2 3.3 1 1.7 0 0 0 0.0  0 0.0 0 0.0  0 0.0 1 1.7  
Unable to function 0 0.0 0 0.0 0 0 0 0.0  0 0.0 0 0.0  0 0.0 0 0.0  
Missing          20 33 16 26.7  35 58.3 36 60.0  46 76.7 47 78.3  

Self-care                     

No problem 45 75.0 52 86.7  37 62 44 73.3  24 40.0 24 40.0  13 21.7 11 18.3  
Slight problem 13 21.7 8 13.3  2 3 0 0.0  1 1.7 0 0.0  1 1.7 0 0.0  
Moderate problems 2 3.3 0 0.0 0.142 1 2 0 0.0 0.104 0 0.0 0 0.0 0.510α 0 0.0 0 0.0 0.720 
Severe problems 0 0.0 0 0.0  0 0 0 0.0  0 0.0 0 0.0  0 0.0 1 1.7  
Unable to function 0 0.0 0 0.0  0 0 0 0.0  0 0.0 0 0.0  0 0.0 0 0.0  
Missing          20 33 16 26.7  35 58.3 36 60.0  46 76.7 48 80.0  

Usual activities                     

No problem 24 40.0 28 46.7  34 57 39 65.0  25 41.7 22 36.7  13 21.7 9 15.0  
Slight problem 19 31.7 18 30.0  4 7 5 8.3  0 0.0 2 3.3  1 1.7 3 5.0  
Moderate problems 13 21.7 9 15.0 0.808 2 3 0 0.0 0.436 0 0.0 0 0.0 0.235 0 0.0 0 0.0 0.197 
Severe problems 2 3.3 1 1.7  0 0 0 0.0  0 0.0 0 0.0  0 0.0 0 0.0  
Unable to function 2 3.3 3 5.0  0 0 0 0.0  0 0.0 0 0.0  0 0.0 1 1.7  
Missing     1 1.7  20 33 16 26.7  35 58.3 36 60.0  46 76.7 47 78.3  

 Baseline  6 months  12 months  18 months  



Chapter 10: Health-related quality of life 
 

 

 

3
00

 

  

Standard 
care 

(n=60) 

Intensive 
monitoring 

(n=60) 

 
p-value* 

Standard 
care 

(n=40) 

Intensive 
monitoring 

(n=44) 

 
p-value* 

Standard 
care 

(n=25) 

Intensive 
monitoring 

(n=24) 

 
p-value* 

Standard 
care 

(n=14) 

Intensive 
monitoring 

(n=13) 

 
p-value* 

  n % n %  n % n %  n % n %  n % n %  

Pain/discomfort                     

No problem 15 25.0 25 41.7  25 42 28 46.7  21 35.0 17 28.3  11 18.3 9 15.0  
Slight problem 26 43.3 23 38.3  11 18 12 20.0  4 6.7 5 8.3  3 5.0 1 1.7  
Moderate problems 12 20.0 7 11.7 0.229 3 5 4 6.7 0.970 0 0.0 2 3.3 0.355 0 0.0 3 5.0 0.172 
Severe problems 7 11.7 5 8.3  1 2 0 0.0  0 0.0 0 0.0  0 0.0 0 0.0  
Unable to function 0 0.0 0 0.0  0 0 0 0.0  0 0.0 0 0.0  0 0.0 0 0.0  
Missing          20 33 16 26.7  35 58.3 36 60.0  46 76.7 47 78.3  

Anxiety/depression                     

No problem 24 40.0 29 48.3  29 48 31 51.7  20 33.3 18 30.0  13 21.7 10 16.7  
Slight problem 16 26.7 11 18.3  7 12 10 16.7  4 6.7 4 6.7  0 0.0 1 1.7  
Moderate problems 10 16.7 12 20.0 0.781 3 5 3 5.0 0.867 0 0.0 1 1.7 0.847 1 1.7 0 0.0 0.212 
Severe problems 9 15.0 7 11.7  1 2 0 0.0  0 0.0 0 0.0  0 0.0 2 3.3  
Unable to function 1 1.7 1 1.7  0 0 0 0.0  0 0.0 0 0.0  0 0.0 0 0.0  
Missing          20 33 16 26.7  36 60.0 37 61.7  46 76.7 47 78.3  

EQ VAS score                     

Score (mean, SD) 68 15 72 16.7 0.166 85 11 83.6 13.2 0.737 89 8.2 88 10.0 0.847 87 11 71 22.3 0.021 
Missing (n, %) 0 0 0 0.0  0 0 0 0.0  0 0 0 0.0  0 0 0 0.0  

VAS-visual analogue scale 
*p-values are from Fisher’s exact test for EQ-5D-5L responses and 2 sample t-test for EQ VAS 
αp-value is from 1-sided Fisher’s exact test
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Table 10-7: Participant responses to EQ-5D-5L and EQ VAS (health profile) over two 
time points in Romania 

  Baseline  6 months  

  

Standard 
care 

(n=20) 

Intensive 
monitoring 

(n=20) 

 
p-value* Standard 

care (n=6) 

Intensive 
monitoring 

(n=9) 

 
p-value* 

  n % n %  n % n %  

Mobility           

No problem 13 65.0 14 70.0  5 25.0 7 35.0  
Slight problem 7 36.0 5 25.0  1 5.0 2 10.0  
Moderate problems 0 0.0 1 5.0 0.731 0 0.0 0 0.0 0.659 
Severe problems 0 0.0 0 0.0  0 0.0 0 0.0  
Unable to function 0 0.0 0 0.0  0 0.0 0 0.0  
Missing  0 0.0 0 0.0  14 70.0 11 55.0  

Self-care           

No problem 18 90.0 16 80.0  6 30.0 8 40.0  
Slight problem 2 10.0 3 15.0  0 0.0 1 5.0  
Moderate problems 0 0.0 0 0.0 0.475 0 0.0 0 0.0 0.600 
Severe problems 0 0.0 0 0.0  0 0.0 0 0.0  
Unable to function 0 0.0 0 0.0  0 0.0 0 0.0  
Missing     1 5.0  14 70.0 11 55.0  

Usual activities           

No problem 10 50.0 11 55.0  6 30.0 7 35.0  
Slight problem 9 45.0 9 45.0  0 0.0 2 10.0  
Moderate problems 1 5.0 0 0.0 1.000 0 0.0 0 0.0 0.343 
Severe problems 0 0.0 0 0.0  0 0.0 0 0.0  
Unable to function 0 0.0 0 0.0  0 0.0 0 0.0  
Missing          14 70.0 11 55.0  

Pain/discomfort           

No problem 3 15.0 4 20.0  2 10.0 4 20.0  
Slight problem 15 75.0 16 80.0  4 20.0 5 25.0  
Moderate problems 2 10.0 0 0.0 0.533 0 0.0 0 0.0 0.545 
Severe problems 0 0.0 0 0.0  0 0.0 0 0.0  
Unable to function 0 0.0 0 0.0  0 0.0 0 0.0  
Missing          14 70.0 11 55.0  

Anxiety/depression           

No problem 4 20.0 4 20.0  3 15.0 5 25.0  
Slight problem 14 70.0 15 75.0  3 15.0 3 15.0  
Moderate problems 1 5.0 1 5.0 1.000 0 0.0 1 5.0 1.000 
Severe problems 0 0.0 0 0.0  0 0.0 0 0.0  
Unable to function 0 0.0 0 0.0  0 0.0 0 0.0  
Missing 1 5.0      14 70.0 11 55.0  

EQ VAS score           

Score (mean, SD) 79 6.9 83 6.7 0.128 90 3.16 88.3 7.1 0.128 
Missing (n, %) 0 0 0 0.0  0 0 0 0.0  

VAS-visual analogue scale 
*p-values are from Fisher’s exact test for EQ-5D-5L responses and 2 sample t-test for EQ VAS 
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10.3.1 Association between health utilities and disease status at baseline 

People with TB only or TB-DM at baseline 

The unadjusted linear regression showed no significant associations for Indonesia (Table 

10-8) but that the health utility was better in people with TB only than in people with TB-

DM in Peru (β=-0.04, p-value=0.071) (Table 10-9) and Romania (β=-0.04, p-value=0.026) 

(Table 10-10). This remained the case even after exploring interactions between sex and 

age, particularly in males (Table 10-11). There was no significant relationship between 

HRQoL and disease status in any country after adjustment for the potential confounders 

of sex, age, smoking frequency, and socio-economic quintile. 

There was a significant association between decreasing health utility and older 

participants (increasing age) in Indonesia (β=-0.04, p-value=0.013) (Table 10-8). Evidence 

of the association became stronger after adjusting for confounders (β=-0.05, p-

value=0.003). There was very strong evidence of an age association for both Peru (β=0.07, 

p-value<0.0001) and Romania (β=0.08, p-value<0.0001), but the direction of the 

association was opposite that of Indonesia, such that health utility improved for 

participants 40 and over. After adjusting for confounders the direction of the association 

changed for both countries (Peru: β=-0.07, p-value<0.0001; Romania: β=-0.07, p-

value<0.0001) and followed the pattern seen in Indonesia where health utility worsened 

for people 40 and over. 

There was no significant relationship between health utility and sex for any of the 

countries. This remained unchanged when confounders were adjusted for and when 

alternative value sets were used to assess the health utility (sensitivity analysis).  

There was a stronger association between ‘less than daily’ smoking and a better health 

utility in Indonesia (β=0.15, p-value=0.001) than in Romania (β=0.05, p-value=0.064) 

compared to not smoking. In Indonesia, HRQoL is also reported as better in daily smokers 

(β=0.07, p-value=0.006) than in non-smokers, but with a weaker association than ‘less 

than daily’ smokers. Adjusting for confounders does not change the strength of the 
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associations seen with frequency of smoking. There was no association between health 

utility and smoking in Peru. 

In Indonesia only, the health utility improved with each wealth quintile increase, but there 

was no association with socio-economic status in Peru or Romania, even when 

confounders were adjusted for or when alternative value sets were used. 
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Table 10-8: Association between health utility and disease status (linear regression - unadjusted and adjusted), Indonesia 

Characteristic Categories   TB only TB-DM Unadjusted Adjusted 

    N n % n % 
Regression 
coefficient 

(95% CI) 
p-

value* 
RE co-

efficient 
(95% CI) 

p-
value** 

Overall  862 685  177    

Sex Female 374 290 42.3 84 47.5 Reference --- --- --- Reference --- --- --- 
 Male 488 395 57.7 93 52.5 -0.008 -0.040 0.024 0.629 -0.026 -0.059 0.007 0.118 

Age, years < 40 430 412 60.1 18 10.2 Reference --- --- --- Reference --- --- --- 
 ≥ 40 432 273 39.9 159 89.8 -0.040 -0.072 -0.008 0.013 -0.053 -0.087 -0.019 0.003 

Smoking frequency Not at all 741 586 85.5 155 87.6 Reference --- --- --- Reference --- --- --- 
 Less than daily 31 24 3.5 7 4.0 0.147 0.060 0.234 0.001 0.172 0.085 0.258 <0.0001 
 Daily 90 75 10.9 15 8.5 0.073 0.021 0.124 0.006 0.093 0.040 0.146 0.001 

Socio-economic 
status 

Poorest 
225 186 27.2 39 22.0 Reference --- --- --- Reference --- --- --- 

 Poor 213 172 25.1 41 23.2 0.063 0.019 0.107 0.005 0.060 0.017 0.104 0.007 
 Middle income 206 163 23.8 43 24.3 0.08239 0.038 0.127 <0.0001 0.080 0.036 0.124 <0.0001 

 Upper middle income 145 110 16.1 35 19.8 0.085 0.036 0.134 0.001 0.090 0.041 0.138 <0.0001 

 Richest 66 48 7.0 18 10.2 0.147 0.082 0.211 <0.0001 0.166 0.102 0.230 <0.0001 

Disease status TB only 685 685 100 0 0.0 Reference --- --- --- Reference --- --- --- 

  TB-DM 177 0 0 177 100.0 0.007 -0.033 0.046 0.732 0.025 -0.017 0.067 0.248 

TB-tuberculosis; DM-diabetes mellitus; RE-random effects 
*p-values are estimated by simple linear regression 
**p-values are estimated by multiple linear regression  
Analysis is based on the Thailand value set
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Table 10-9: Association between health utility and disease status (linear regression - unadjusted and adjusted), Peru 

Characteristic Categories   TB only TB-DM Unadjusted Adjusted 

    N n % n % 
Regression 
coefficient 

(95% CI) 
p-

value* 
RE co-

efficient 
(95% CI) 

p-
value** 

Overall  601 549  52    

Sex Female 252 225 41 27 51.9 Reference --- --- --- Reference --- --- --- 
 Male 348 323 58.8 25 48.1 0.004 -0.017 0.026 0.695 0.014 -0.013 0.041 0.306 

Age, years < 40 423 414 75.4 9 17.3 Reference --- --- --- Reference --- --- --- 
 ≥ 40 177 134 24.4 43 82.7 0.065 -0.087 -0.042 <0.0001 -0.071 -0.101 -0.041 <0.0001 

Smoking frequency Not at all 545 493 89.8 52 100.0 Reference --- --- --- Reference --- --- --- 
 Less than daily 51 51 9.3 0 0.0 -0.029 -0.067 0.008 0.124 -0.041 -0.086 0.005 0.080 
 Daily 4 4 0.7 0 0.0 0.058 -0.070 0.186 0.376 0.055 -0.097 0.207 0.479 

Socio-economic 
status 

Poorest 
137 128 23.3 9 17.3 Reference --- --- --- Reference --- --- --- 

 Poor 97 90 16.4 7 13.5 -0.013 -0.049 0.024 0.500 -0.005 -0.041 0.031 0.783 
 Middle income 83 70 12.8 13 25.0 -0.00577 -0.045 0.033 0.771 0.015 -0.024 0.053 0.460 

 Upper middle income 76 71 12.9 5 9.6 -0.017 -0.058 0.023 0.402 -0.001 -0.041 0.039 0.948 

 Richest 65 57 10.4 8 15.4 0.008 -0.033 0.050 0.699 0.013 -0.028 0.053 0.538 

Disease status TB only 549 549 100 0 0.0 Reference --- --- --- Reference --- --- --- 

  TB-DM 52 0 0 52 100.0 -0.035 -0.073 0.003 0.071 -0.001 -0.049 0.047 0.961 

TB-tuberculosis; DM-diabetes mellitus; RE-random effects 
*p-values are estimated by simple linear regression 
**p-values are estimated by multiple linear regression 
Analysis is based on the UK value set 
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Table 10-10: Association between health utility and disease status (linear regression - unadjusted and adjusted), Romania 

Characteristic Categories   TB only TB-DM Unadjusted Adjusted 

    N n % n % 
Regression 
coefficient 

(95% CI) 
p-

value* 
RE co-

efficient 
(95% CI) 

p-
value** 

Overall  509 421  88    

Sex Female 146 128 30.4 18 20.5 Reference --- --- --- Reference --- --- --- 
 Male 356 286 67.9 70 79.5 0.022 -0.050 0.005 0.111 -0.010 -0.039 0.018 0.486 

Age, years < 40 207 194 46.1 13 14.8 Reference --- --- --- Reference --- --- --- 
 ≥ 40 297 222 52.7 75 85.2 0.075 -0.099 -0.050 <0.0001 -0.069 -0.095 -0.042 <0.0001 

Smoking frequency Not at all 319 257 61.0 62 70.5 Reference --- --- --- Reference --- --- --- 
 Less than daily 29 22 5.2 7 8.0 0.051 -0.003 0.104 0.064 0.059 0.005 0.113 0.031 
 Daily 155 136 32.3 19 21.6 0.006 -0.021 0.034 0.643 0.014 -0.014 0.042 0.341 

Socio-economic 
status 

Poorest 
176 146 34.7 30 34.1 Reference --- --- --- Reference --- --- --- 

 Poor 122 99 23.5 23 26.1 0.007 -0.026 0.040 0.666 0.008 -0.024 0.040 0.614 
 Middle income 100 80 19.0 20 22.7 0.02534 -0.010 0.060 0.155 0.016 -0.019 0.050 0.374 

 Upper middle income 67 61 14.5 6 6.8 0.019 -0.021 0.060 0.349 0.006 -0.034 0.045 0.782 

 Richest 26 22 5.2 4 4.5 0.045 -0.014 0.104 0.134 0.024 -0.034 0.083 0.418 

Disease status TB only 421 421 100 0 0.0 Reference --- --- --- Reference --- --- --- 

  TB-DM 88 0 0 88 100.0 -0.037 -0.070 -0.004 0.026 -0.009 -0.043 0.026 0.621 

TB-tuberculosis; DM-diabetes mellitus; RE-random effects 
*p-values are estimated by simple linear regression 
**p-values are estimated by multiple linear regression 
Analysis is based on the Spain value set 
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For the stratified regression to investigate the interaction between age and sex (Table 

10-11), there was evidence in Indonesia that HRQoL is better in men with TB-DM than in 

men with TB only and the regression shows that HRQoL is worse in men 40 and over 

(β=0.05, p-value=0.003) then in men under 40 years of age (<40 years old: β=0.09, p-

value=0.008). The pattern was similar in Peru (<40 years old: β=0.08, p-value=0.02; ≥40 

years old: β=0.06, p-value=0.002), but the evidence was weaker in Romania (<40 years 

old: β=0.07, p-value=0.069; ≥40 years old: β=0.07, p-value=0.001). 

There was no association between HRQoL and disease status in women in either age 

group.  
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Table 10-11: Stratified linear regression (age and sex interaction) in people with TB or TB-DM in Indonesia, Peru and Romania 

  
Group1: Under 40 females  

(n=448) 
Group 2: Under 40 males  

(n=608) 
Group 3: 40 and over females  

(n=450) 
Group 4: 40 and over males  

(n=745) 

Category 
Regression 
coefficient* 

(95% CI) 
p-

value** 
Regression 
coefficient* 

(95% CI) 
p-

value** 
Regression 
coefficient* 

(95% CI) 
p-

value** 
Regression 
coefficient* 

(95% CI) 
p-

value** 

Indonesia (using Thailand value set) 

TB Reference --- --- --- Reference --- --- --- Reference --- --- --- Reference --- --- --- 

TB-DM 0.007 -0.089 0.103 0.890 0.093 0.025 0.162 0.008 0.015 -0.027 0.057 0.482 0.053 0.018 0.087 0.003 

Peru (using UK value set) 

TB Reference --- --- --- Reference --- --- --- Reference --- --- --- Reference --- --- --- 

TB-DM -0.001 -0.102 0.100 0.984 0.084 0.013 0.156 0.021 0.008 -0.034 0.051 0.702 0.055 0.020 0.090 0.002 

Romania (using Spain value set) 

TB Reference --- --- --- Reference --- --- --- Reference --- --- --- Reference --- --- --- 

TB-DM -0.008 -0.112 0.097 0.885 0.069 -0.005 0.144 0.069 -0.004 -0.048 0.041 0.874 0.065 0.027 0.103 0.001 

*Adjusted for smoking frequency and socio-economic quintile 
**p-value is derived from a multiple linear regression model 
CI-confidence interval  
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10.3.2 Health utility scores for EQ-5D-5L using general population value sets 

People with TB-DM receiving standard or intensive DM management 

In Indonesia, the mean utility score of RCT participants in the standard care and intensive 

monitoring arms at the four time points are presented in Table 10-12 and at two time 

points for Romania in Table 10-13, where higher utility scores represent a better HRQoL. 

For Indonesia, at 12 and 18 months the mean utility score for people in the intensive 

monitoring arm was lower than that of people in standard DM care for both the Thai and 

UK value sets. The mean utility score for the intensive monitoring arm was only lower than 

that of the standard care arm at six months in Romania using the Spanish value set. The 

Wilcoxon rank-sum test showed no significant difference in the mean ranks of the utility 

scores between the RCT arms for either country. 

Table 10-12: Difference in EQ-5D-5L utility scores at each time point between people 
with TB-DM in two arms of an RCT, Indonesia 

  Thailand p-value* UKα (SA) p-value* 

  Value set mean SD   mean SD   

Baseline 
Intensive monitoring 0.6636 0.1758 

0.1485 
0.7208 0.1972 

0.1825 
Standard care 0.6110 0.1926 0.6653 0.2240 

6 
months 

Intensive monitoring 0.8468 0.1381 
0.7941 

0.8920 0.1004 
0.8925 

Standard care 0.8207 0.1875 0.8661 0.1619 

12 
months 

Intensive monitoring 0.8537 0.1521 
0.1457 

0.9016 0.1081 
0.1523 

Standard care 0.9113 0.1390 0.9402 0.0959 

18 
months 

Intensive monitoring 0.7846 0.2653 
0.1524 

0.8168 0.2794 
0.1222 

Standard care 0.9157 0.1541 0.9407 0.1078 

*The p-values were from the two-sample Wilcoxon rank-sum test 
αThe UK value set was used for data in Indonesia as a sensitivity comparison of the value 
sets 
SD-standard deviation; SA-sensitivity analysis 
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Table 10-13: Difference in EQ-5D-5L utility scores at each time point between people 
with TB-DM in two arms of an RCT, Romania 

  Spain p-value* UKα (SA) p-value* 

  Value set mean SD   mean SD   

Baseline 
Intensive monitoring 0.8123 0.0978 

0.6884 
0.7568 0.0759 

0.4573 
Standard care 0.8061 0.1067 0.7519 0.0979 

6 
months 

Intensive monitoring 0.8782 0.1353 
1.0000 

0.8404 0.1467 
0.9047 

Standard care 0.8963 0.0777 0.8382 0.0997 

18 
months 

Intensive monitoring NA NA 
 

NA NA 
 

Standard care NA NA NA NA 

*The p-values were from the Mann-Whitney (Wilcoxon rank-sum) test 
αThe UK value set was used for data in Romania as a comparison to the Spanish dataset.  
SA-sensitivity analysis 
NA-not applicable because not enough data at that time point 
 

10.3.3 Correlation between HRQoL and age 

Correlations between the EQ-5D-5L utility scores, EQ VAS, and age and the Karnofsky 

score were analysed at baseline only since the Karnofsky health utility measurement was 

only captured at this time point. At baseline, the positive correlations between EQ-5D-5L 

utility score, EQ VAS score and Karnofsky Performance Scale index were statistically 

significant in Indonesia, Peru and Romania (Table 10-14). Age was significantly negatively 

correlated with the EQ-5D-5L utility score and the Karnofsky score in all countries. 

However, while the EQ VAS decreased with an increase in age, the correlation was 

significant in Peru (r=-0.11, p=0.006) and Romania (r=-0.15, p<0.001) only. 

At the six-month follow-up, the EQ-5D-5L utility score was positively correlated with the 

EQ VAS in Indonesia (r=0.44, p<0.0001) and Romania (r=0.86, p<0.0001) only, and 

negatively correlated with age in Indonesia only (r=-0.20, p=0.0033). There was no 

significant correlation between age and EQ VAS at six months in any of the countries. 
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Table 10-14: Correlation between health-related quality of life value sets and age for 
people with tuberculosis and diabetes in Indonesia, Peru and Romania 

   Baseline 6 months 

    
EQ-5D-5L 
utility 
score* 

p-value 
EQ 
VAS 

p-value 
Karnofsky 
score 

p-value 
EQ-5D-5L 
utility 
score* 

p-value 
EQ 
VAS 

p-value 

EQ VAS 

Indonesia 0.4691 <0.0001 

  

0.4396 <0.001 

  Peru 0.1263 0.0025 0.3456 0.3279 

Romania 0.6194 <0.0001 0.8578 <0.001 

Karnofsky 

Indonesia 0.6830 <0.0001 0.391 <0.0001 

    Peru 0.5142 <0.0001 0.174 <0.0001 

Romania 0.7369 <0.0001 0.708 <0.0001 

Age 

Indonesia -0.0878 0.0102 -0.043 0.2071 -0.0849 0.0129 -0.1968 0.0033 -0.051 0.4468 

Peru -0.2154 <0.0001 -0.113 0.0057 -0.2824 <0.0001 -0.4266 0.2189 -0.252 0.4827 

Romania -0.3258 <0.0001 -0.150 <0.001 -0.2458 <0.0001 -0.3992 0.1256 -0.312 0.2397 

*EQ-5D-5L utility scores for Indonesia are derived from a cross-walk to Thailand population EQ-5D-3L value 
sets, Peru utility scores are derived from UK population EQ-5D-3L value sets and Romania utility scores are 
derived from Spain population EQ-5D-3L value sets  
VAS-visual analogue scale 

As with all of the EQ-5D-5L analysis the values sets used were Thailand for Indonesia, UK 

for Peru and Spain for Romania. A sensitivity analysis was also performed where the UK 

value sets were used for Indonesia and Romania and the Thai value set for Peru. The 

strength of the correlations between the EQ-5D-5L utility scores and the Karnofsky score 

were mostly unchanged for the sensitivity analysis using alternative value sets (Table 

10-15). In Indonesia the correlation between the utility scores (using the alternative UK 

valuation) and age remained weak but was no longer significant (r=-0.0513, p=0.1343). In 

Peru, the correlations between the EQ-5D-5L utility scores (with the Thai valuation) and 

the other health utility measures did not change as much as may be expected given the 

cultural differences between Peru and Thailand but this may be because the primary value 

set for Peru, the UK, was also very different from Peru. 
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Table 10-15: Correlation between ALTERNATIVE health-related quality of life value sets 
and age for people with tuberculosis and diabetes in Indonesia, Peru and Romania - 
sensitivity analysisα 

    Baseline   6 months 

    

EQ-5D-5L 
utility 
score* p-value  

EQ-5D-5L 
utility 
score* p-value 

Indonesia 

EQ VAS 

0.4521 <0.0001  0.3935 <0.0001 

Peru 0.1035 0.0134  0.1972 0.5851 

Romania 0.6100 <0.0001  0.7694 <0.001 

Indonesia 

Karnofsky 

0.6347 <0.0001  

Peru 0.5025 <0.0001  

Romania 0.6925 <0.0001  

Indonesia 

Age 

-0.0513 0.1343  -0.1740 0.0095 

Peru -0.2601 <0.0001  -0.4442 0.1984 

Romania -0.3035 <0.0001   -0.4906 0.0537 

*EQ-5D-5L utility scores for Indonesia are derived from a cross-walk to UK population EQ-5D-3L value sets, 
Peru utility scores are derived from Thailand population EQ-5D-3L value sets and Romania utility scores are 
derived from UK population EQ-5D-3L value sets  
αFor sensitivity analysis, only EQ-5D-5L utility score values were varied 
VAS-visual analogue scale 
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10.3.4 Effect of DM management on health utility 

People with TB-DM receiving standard or intensive DM management 

The random effects regression model was applied to Indonesia only since this was the only 

country that had enough data at more than one time point for the model to run. When 

using the Thailand value sets, there is weak evidence (regression coefficient=0.05, p-

value=0.095) that from baseline to six months, the health utility of people in the intensive 

monitoring arm is better than that of people receiving standard DM care. There is also  

weak evidence (regression coefficient=0.05, p-value=0.119) that people in the intensive 

DM monitoring arm have a better HRQoL over the six months of DM management even 

after controlling for age, sex, smoking frequency, socio-economic status and the presence 

of any DM complications. The interaction between age and sex was not considered in this 

model because of the small sample size. 

People who reported smoking ‘less than daily’ reported a better health utility (regression 

coefficient=0.12, p-value=0.091) than people who did not smoke. The EQ-5D-5L 

dimension(s) that captures this improved HRQoL is unknown, but being able to perform 

‘usual activities’ or fewer problems with ‘anxiety/depression’ could explain it, particularly 

in people who were previous smokers.  

No other characteristics appeared to significantly impact the health utility of people being 

treated for TB and DM between baseline and six months. The results also remained mostly 

unchanged when the UK value sets were used instead of the Thailand value sets.
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Table 10-16: Effect of DM management on mean utility score of people with tuberculosis and diabetes in standard care versus 
intensive monitoring arms of RCT between baseline and 6-months, Indonesia using Thailand value sets 

Characteristic Categories   
Intervention:  
intensive DM 
monitoring 

Control:  
standard 
DM care 

Unadjusted Adjusted 

    N n % n % 
Regression 
coefficientα 

(95% CI) p-value* 
Regression 
coefficientα 

(95% CI) p-value* 

Overall  120 60  60    
Sex Female 55 28 46.7 27 45.0 Reference --- --- --- Reference --- --- --- 

 Male 65 32 53.3 33 55.0 0.031 -0.025 0.086 0.281 0.021 -0.040 0.081 0.505 
Age, years (continuous) 120 --- --- --- --- -0.001 -0.004 0.002 0.519 -0.001 -0.004 0.002 0.468 
Smoking Not at all 100 50 83.3 50 83.3 Reference --- --- --- Reference --- --- --- 
frequency Less than daily 7 3 5 4 6.7 0.122 -0.020 0.264 0.091 0.106 -0.040 0.252 0.155 

 Daily 13 7 11.7 6 10.0 0.063 0.026 0.152 0.163 0.045 -0.052 0.142 0.366 
Socio-economic Poorest 27 12 20 15 25.0 Reference --- --- --- Reference --- --- --- 
Status quintiles Poor 26 13 21.7 13 21.7 0.008 -0.078 0.093 0.857 0.004 -0.082 0.091 0.925 

 Middle income 28 14 23.3 14 23.3 0.000 -0.082 0.082 0.999 -0.004 -0.088 0.079 0.917 
 Upper middle income 26 13 21.7 13 21.7 0.044 -0.040 0.128 0.300 0.032 -0.053 0.118 0.461 
 Richest 12 7 11.7 5 8.3 0.007 -0.100 0.114 0.893 -0.003 -0.112 0.105 0.950 

Any DM  No 77 37 61.7 40 66.7 Reference --- --- --- Reference --- --- --- 
complications  Yes 43 23 38.3 20 33.3 -0.019 -0.076 0.039 0.527 -0.022 -0.081 0.037 0.467 
Intervention Standard care 60 0 0.0 60 100 Reference --- --- --- Reference --- --- --- 
 Intensive monitoring 60 60 100 0 0.0 0.047 -0.008 0.102 0.095 0.045 -0.012 0.102 0.119 

DM-diabetes mellitus 
αThailand general population value set used for utility scores in Indonesia 
*p-values are estimated using a random effects regression model 
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Table 10-17: Effect of DM management on mean utility score of people with TB-DM in an RCT (baseline to 6 months), Indonesia 
using UK value sets (SENSITIVITY ANALYSIS) 

Characteristic Categories   
Intervention:  
intensive DM 
monitoring 

Control:  
standard 
DM care 

Unadjusted Adjusted 

    N n % n % 
Regression 
coefficientα 

(95% CI) p-value* 
Regression 
coefficientα 

(95% CI) p-value* 

Overall  120 60  60    
Sex Female 55 28 46.7 27 45.0 Reference --- --- --- Reference --- --- --- 

 Male 65 32 53.3 33 55.0 0.035 -0.022 0.091 0.228 0.027 -0.035 0.089 0.387 
Age, years (continuous) 120     0.0001 -0.003 0.003 0.942 0.00001 -0.003 0.003 0.992 
Smoking Not at all 100 50 83.3 50 83.3 Reference --- --- --- Reference --- --- --- 
frequency Less than daily 7 3 5 4 6.7 0.126 -0.018 0.271 0.087 0.114 -0.035 0.263 0.133 

 Daily 13 7 11.7 6 10.0 0.056 -0.034 0.147 0.225 0.038 -0.061 0.138 0.452 
Socio-economic Poorest 27 12 20 15 25.0 Reference --- --- --- Reference --- --- --- 
Status quintiles Poor 26 13 21.7 13 21.7 0.022 -0.065 0.109 0.618 0.016 -0.072 0.104 0.720 

 Middle income 28 14 23.3 14 23.3 -0.005 -0.089 0.079 0.899 -0.013 -0.098 0.072 0.765 
 Upper middle income 26 13 21.7 13 21.7 0.028 -0.058 0.113 0.530 0.011 -0.076 0.098 0.809 
 Richest 12 7 11.7 5 8.3 -0.002 -0.111 0.107 0.971 -0.015 -0.126 0.096 0.792 

Any DM  No 77 37 61.7 40 66.7 Reference --- --- --- Reference --- --- --- 
complications  Yes 43 23 38.3 20 33.3 -0.024 -0.083 0.035 0.429 -0.024 -0.084 0.036 0.434 
Intervention Standard care 60 0 0.0 60 100 Reference --- --- --- Reference --- --- --- 
 Intensive monitoring 60 60 100 0 0.0 0.048 -0.008 0.104 0.092 0.048 -0.010 0.105 0.107 

DM-diabetes mellitus 
αUK general population value set used as alternative utility scores for Indonesia 
*p-values are estimated using a random effects regression model 
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10.4 Discussion 

At the time of participant enrolment in Peru and Romania, people with TB only had a better HRQoL 

than people with TB-DM. The association in Peru was weak and no longer significant when 

adjustment for confounding was performed. 

In Indonesia there is weak evidence that people in the intensive DM monitoring arm of the RCT 

have better HRQoL than people in the standard care arm. Adjustment for confounders reduced 

the strength of the association. 

There is a highly significant positive correlation between the EQ-5D-5L utility scores, the EQ VAS 

and the Karnofsky Index, indicating that the three HRQoL tools are measuring the same thing. This 

justifies the decision to perform all the analysis using the utility scores only and not performing 

additional analysis on the EQ VAS. Correlation between the utility scores, EQ VAS and Karnofsky 

Index is weakest in Peru, moderate in Indonesia and strong in Romania.  

Using both the DR-12 and EQ-5D-5L was considered, so that the two instruments could be 

compared, but the number of questions being asked of the patients had to be limited, so the 

decision was made to use the more widely used and language validated EQ-5D-5L only. This is the 

first study to report the HRQoL of patients with concurrent TB-DM. 

There are potentially cultural differences in how people from different countries interpreted the 

different translations of the 5L descriptive system, particularly since there was no country specific 

crosswalk for those countries. We attempted to deal with this by using the closest alternatives of 

Thailand for Indonesia and Spain for Romania. The country with the largest sample size (UK) was 

used for Peru with the hope that this would compensate for the lack of country specific data. None 

of the countries where the TANDEM data was collected had value sets that could be used for the 

HRQoL analysis. This means that the assessments made for the patients in the study were not 

specific to the cultural and social norms of that setting, and the estimated HRQoL of the 

participants could be a misrepresentation of their actual HRQoL. The respondents in the crosswalk 

study performed by EuroQol were different from those in TANDEM, therefore the calibration of 

the values to go from 5L to 3L are not equivalent to that of the TANDEM respondents.  
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Additionally, the value sets are based on stated preference studies (where members of general 

public are asked to imagine living with various health problems) whereas TANDEM data is based 

on patients with TB or TB-DM and they will have different opinions about the severity of their 

health problems. 

10.5 Conclusion 

Preliminary analysis suggests that the intensive monitoring intervention has resulted in better 

patient reported HRQoL than the standard DM care available in Indonesia and Romania. 

Concurrent disease, in this scenario TB and DM, appears to lead to a poorer HRQoL than having 

TB only but whether this is due to clinical, physiological or social circumstances has not been 

explored in this analysis.  
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Chapter 11 Patient costs in Indonesia 

This chapter assessed the direct and indirect costs incurred by patients in both arms of 

the RCT in Indonesia only. Patient costs incurred when seeking treatment for TB and DM 

were collected by questionnaires included in REDCap. 

11.1 Introduction 

Patients in the TANDEM RCT with concurrent TB-DM received six months of TB treatment 

(using the DOTS format) and DM management, which was followed by 12 months of DM 

management only. 

The objective of this chapter was to determine the costs of DM diagnosis and TB-DM 

treatment in patients with TB-DM from the perspective of the patients in the RCT in 

Bandung, Indonesia. In addition to presenting the mean costs by category, the coping 

strategies employed by patients were also explored. 

11.2 Methods 

The economic burden of TB-DM treatment on patients was assessed by determining the 

mean out-of-pocket payments and productivity losses reported by the patients in 

Indonesia who had completed the six months of TB and DM treatment and the additional 

12 months of DM follow-up. 

The sample size to detect a 1% difference in HbA1c between the two arms of the RCT in 

Indonesia, Peru and Romania was estimated to be 350 people with TB-DM, accounting for 

attrition. This was derived by assuming a standard deviation of 2.2, with 90% power at the 

5% significance level.  
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11.2.1 Literature reviews 

11.2.1.1 TB treatment costs 

A systematic literature review of the costs of treating patients with TB from both the 

provider and patient perspective was previously described in Chapter 2, Research Paper 

1 (Laurence et al., 2015). In Research Paper 1, no papers were identified for Romania but 

there was one paper for Indonesia, which included aggregated patient out-of-pocket 

payments for user fees, non-TB medication and transportation, and productivity losses, in 

addition to provider treatment costs (Mahendradhata et al., 2010). In this study, 

participating private practitioners were asked to refer people with suspected TB to public 

health centres where patients would receive six months of directly-observed treatment, 

short-course (DOTS). Costs incurred from all perspectives were presented for patients 

who presented directly to the public health centres compared to patients who were 

referred by the private practitioners. In the former group of patients, out-of-pocket costs 

for patients amounted to US$ 50, which was 40% less than the average for the income 

group. Lost earnings for patients in Indonesia (US$ 12) were well below the average for 

the income group (US$ 238) but the methodology used in each paper for assessing 

productivity losses varied considerably, if it was described, and it is therefore difficult to 

assess if this is a true representation of the financial burden of TB treatment for patients 

in the Indonesian study. 

Though there were no papers that presented any form of costs incurred during TB 

treatment in Romania, as an upper-middle income country (UMIC) it is reasonable to 

assume that the costs would fall within the range of costs for that income group [patient 

incurred costs: US$ 60 (SD: US$ 868) and productivity losses: US$ 600 (SD: US$ 847)]. The 

Romanian National Tuberculosis Programme (NTP) guidelines state that people with TB 

must be treated as in-patients in pulmonary hospitals or sanatoria until they are no longer 

infectious (smear conversion), usually resulting in a hospitalisation period of at least 37 

days (WHO and ECDC, 2015). For the remainder of the six months of TB treatment, TB is 

treated through pulmonary dispensaries that patients must visit weekly or monthly for 
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monitoring and medication. This case management is different from that of most of the 

other UMICs included in the review, which followed the DOTS out-patient regimen for the 

entire six months, therefore it is expected that the patient incurred costs for TB treatment 

in Romania would be less as there would be no regular transportation costs or user fees 

while hospitalised and any special dietary requirements would be incurred by the hospital. 

However, it is reasonable to expect that the household costs for family or friends to visit 

the hospitalised patient with TB could be higher than in other countries where TB 

treatment is performed on an out-patient basis. A South African study by Schnippel et al. 

(2013b) assessed hospitalised management for MDR-TB only. This would have been the 

closest comparison to the Romanian context but no patient costs were captured in this 

study. 

11.2.1.2 DM treatment costs   

A review was conducted by by Seuring et al. (2015) on the economic costs of T2DM. There 

was large variability in the methods used to estimate both direct and indirect costs, as 

well as the treatment approach (e.g. curing, halting progression or preventing future 

complications). Comparison between studies is therefore difficult to interpret. Although 

there was a positive relationship between gross domestic product (GDP) per capita and 

DM treatment costs, it is still difficult to use the GDP per capita of countries without data 

to accurately estimate the cost of DM treatment in that setting. All costs in the Seuring et 

al. (2015) review were presented in 2011 International dollars, to represent purchasing 

power parity.  

It is interesting to note the wide range in cost values between countries in the LMIC group. 

The average annual productivity costs in LMICs started at Int. $ 45 in Pakistan in 2006 and 

was as high as Int. $ 4,737 in India (2009).  

The review period of this review was between January 2001 and October 2014 but no 

studies published on the cost of DM treatment in Indonesia or Romania were obtained. 

The study that was closest to Indonesia in terms of geography and GNI per capita was by 
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Chatterjee et al. (2011) that looked at the annual societal costs of treating people with 

DM (in- and out-patient care) at a district hospital in Thailand. Indirect costs due to DM 

and complications, which included the days lost from work or normal activities, leisure 

time and lost earning capacity from disability or premature mortality, was valued at Int. $ 

649 (2008). The total cost of DM treatment (Int. $ 1,731) amounted to approximately 18% 

of the 2011 GDP per capita of Thailand (Int. $ 9,693), which would then have amounted 

to approximately Int. $ 834 in Indonesia in 2011. The cost of informal care accounted for 

the greatest proportion (28%) of all treatment costs, followed by the cost of permanent 

disability (19%), mortality costs (18%) and hospital care (11%). 

One study was included from Romania’s smaller neighbour to the south west, Serbia. The 

indirect costs associated with DM, including lost earning capacity due to death or disability 

and absenteeism, was estimated at Int. $ 187 in 2007 (Biorac et al., 2009) and the total 

cost of treating DM (valued in 2011) accounted for 17% of the per capita GDP of Serbia, 

which would be  approximately Int. $ 2,100 in Romania (IMF, 2011). 

This review by Seuring et al. (2015) was an update of a previous review of cost-of-illness 

studies for DM over the period 1970 to 2000 (Ettaro et al., 2004). This earlier review also 

did not present any relevant studies for Indonesia, a lower-middle income country (LMIC) 

or Romania, an upper-middle income country (UMIC). 

A separate review for Indonesia by Soewondo et al. (2013) assessed both peer-reviewed 

studies and unpublished data to describe the burden, expenditure, complications, 

treatment and outcomes of DM in Indonesia up to February 2012. Five references with 

relevant cost data on DM treatment or complications from DM were identified. Only three 

of these were published papers that I was able to access, but none presented costs from 

the perspective of the patient. 

For Romania, a study presenting the costs associated with DM treatment along with co-

morbid depression was the only paper of the two DM treatment cost papers identified 
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that was accessible, but patient costs were also not presented here (Chereches et al., 

2012). 

11.2.1.3 Concurrent TB and DM – economics of screening and treatment 

One study sought to address the financial challenges of co-management of TB and DM in 

LMICs (Sullivan and Ben Amor, 2012). The additional funding needed to treat DM in TB 

patients in Africa and South East Asia was estimated using yearly DM treatment cost data 

from Tanzania and India and calculating these values for six months (the same period as 

DOTS). This was combined with the yield values of finding additional DM cases by 

screening people with active TB from another study (a literature review of prevalence of 

bi-directional screening). 

11.2.2 Data collection 

The patient costs were collected in Indonesian Rupiah and converted into USD based on 

the 2014 exchange rate of 1 US$ = 12,420 Indonesian Rupiah (OANDA, 2016). Patients 

with newly diagnosed TB were interviewed by TANDEM staff clinicians to obtain 

information on all patient costs incurred due to diagnosis of DM and treatment of 

concurrent TB-DM. Patient costs included direct medical and transportation costs as well 

as lost productivity and childcare costs. The cost data collection interviews were 

conducted using standardised, electronic, interviewer-administered questionnaires that 

were translated into Bahasa. 

Questionnaires regarding transportation and childcare costs were administered at 

baseline, during the six-month treatment visit and the 18-month follow-up visit (Appendix 

AA). Questionnaires on direct medical costs and productivity losses were administered at 

every visit by patients with TB-DM (Appendix AA). These visits included baseline, 2, 3, 6, 

12 and 18 months for all patients with TB-DM and four additional time points for people 

in the intensive DM monitoring arm of the RCT: 2 weeks, 1, 4 and 5 months. At each 

scheduled visit, all patients were asked about transportation and direct medical costs 

incurred during any unscheduled health care visit for TB or DM related treatment 
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(Appendix BB). A health care visit was defined as a visit to a clinician in a private or public 

setting, a pharmacy, a traditional medicine practitioner or any medical facility to seek care 

for TB, DM, complications or adverse events. Information on insurance re-imbursements 

and sources of funds to pay for medical services were also collected. 

11.2.3 Data analysis 

The analysis tallied the total costs incurred over the 18 months of the RCT. Costs were 

disaggregated to show the breakdown for medical, transportation and childcare costs and 

reported lost productivity. Only patients completing the 18 months of care were included. 

Medical costs included out-of-pocket payments spent on user fees for consultations with 

a clinician, registration at a health facility, drugs for TB or DM that were outside the 

standard treatment regimen or for complications or adverse events, monitoring tests and 

any hospitalisation. The coping strategy, that is identifying the source of the money used 

to make any out-of-pocket payments, was asked whenever the patient indicated that 

medical costs were incurred. 

Transportation costs included journeys to and from scheduled and unscheduled health 

care visits. These costs were provided by the patient if public transportation or a private 

taxi was used. If the mode of transport was motorcycle or automobile, the distance 

travelled or journey time was provided by the patient. These values were used to calculate 

the cost of fuel for a return trip, based on the average fuel efficiency of a motorcycle (2.9 

litres per 100 kilometres) or automobile (12.5 litres per 100 kilometres) and subsidised 

fuel rates provided by the Ministry of the Environment in Indonesia ((Lontoh et al., 2015)).  

Productivity losses (to value the time of patients) were calculated using the human capital 

approach by tabulating the return trip travelling time for any health care visit and the time 

spent at the health facility including waiting time. This was then multiplied by the 2014 

average hourly living wage in Indonesia of US$ 0.77, derived from a monthly living wage 
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of 1,746,304 IDR (US$ 133.94) (BPS, 2016). This wage was used for all patients, including 

those who were self-employed or unemployed and able to work. 

At baseline, the majority (65%) of patients reported that they would be performing unpaid 

work at home if they had not needed to visit the health facility on that day. Therefore, the 

living wage in Indonesia was used for all patients since determining the hourly wage of 

each patient was not possible. It was assumed that employees would work eight hours 

per day for 227 days per year (or 40 hours in five workdays per week), based on the Julian 

calendar and Indonesian Government regulations on manpower (Indonesia, 2003). 

Any payments made for childcare or care for a dependant was reported by the patient. 

Any expected insurance reimbursement for payments made relating to treatment of TB 

or DM was captured. The source of the money used to pay for costs incurred during the 

18 months of treatment was reported by the patient whenever any health care 

expenditure was reported. 

The total costs incurred per patient were the sum of medical costs, transport costs, 

productivity costs and childcare costs. 

11.3 Results 

A total of 120 patients with TB-DM have been enrolled in the RCT in Indonesia between 

April 2014 and November 2016. The patient cost analysis in this thesis includes only the 

31 patients who have so far completed all 18 months of the RCT as of October 2016 (Table 

11-1). There were 15 patients in the standard DM care arm and 16 in the intensive DM 

monitoring arm.  
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Table 11-1: Baseline characteristics of TANDEM randomised controlled trial 
participants with tuberculosis and diabetes in Bandung, Indonesia 

  
Standard DM 
care (n=15) 

Intensive DM 
monitoring (n=16) 

Characteristic n (%) n (%) 

Sex     

Female 7 47% 6 38% 

Male 8 53% 10 63% 

Age, years (mean, SD) 53.25 8.39 54.4 11.64 

Employment type     

Non-government 3 20% 2 13% 

Self-employed 5 33% 6 38% 

Home-maker 6 40% 6 38% 

Retired 0 0% 1 6% 

Unemployed (able to work) 1 7% 1 6% 

Education level attained     

Less than primary school 4 27% 2 13% 

Primary school completed 3 20% 5 31% 

Secondary school completed 3 20% 1 6% 

High school completed 5 33% 4 25% 

College/University completed 0 0% 4 25% 

Socio-economic status     
Poorest 3 20% 2 13% 
Poor 3 20% 4 25% 
Middle income 6 40% 1 6% 
Upper middle income 2 13% 7 44% 
Richest 1 7% 2 13% 

Co-morbidities (Charlson)     

Infarction, heart attack, transient ischaemic 
attack, arrhythmia, heart bypass 1 7% 0 0% 

Kidney disease 0 0% 1 6% 

 

The majority of participants were male (58%) and approximately 75% of the participants 

in either arm of the RCT were self-employed or home-makers. Only two people reported 

a co-morbidity, one in each arm of the RCT: heart disease in the standard care arm and 

kidney disease in the intensive monitoring arm. 
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11.3.1 Medical costs 

The mean user fees paid by patients for medical consultations or at a health facility over 

the 18 months of treatment was US$ 0.42 in the standard care arm and US$ 3.84 in the 

intensive monitoring arm (Table 11-2). The majority (72%) of the total mean costs for 

intensive monitoring was incurred during three unscheduled visits reported by one 

patient at the 18-month follow-up visit. Out-of-pocket payments for drugs was higher in 

the standard care arm (US$ 3.84) than in the intensive arm (US$ 2.40). One patient 

reported paying for drugs in either arm: at the month three treatment visit in the standard 

arm and at baseline in the intensive arm. The mean cost of tests was US$ 3.71 in the 

standard arm and US$ 14.30 in the intensive arm. Approximately 90% of the payments for 

tests in the standard arm were incurred during three unscheduled visits reported during 

the 18-month follow-up visit while more than 90% of the payments for tests in the 

intensive arm were during five unscheduled visits reported at the 6-month and 18-month 

visits.  

No other direct medical costs have been reported by the patients in the RCT.  

11.3.2 Transport costs 

In the standard care arm, each patient was required to visit the DOTS clinic at RSHS for TB 

treatment and DM management six times over the 18 months of the trial, whereas 

patients in the intensive arm were required to visit the clinic 10 times. However, the mean 

transportation costs of US$ 8.23 in the intensive arm, was more than three and a half 

times that of the standard care arm (US$ 2.34) (Table 11-2). The transportation costs for 

unscheduled visits accounted for only 7% of the total transportation costs in both arms. 

The mean transportation costs per patient per scheduled visit to the clinic were US$ 0.27 

for the standard arm but US$ 0.77 in the intensive arm. 

There was an average of 0.53 unscheduled visits to the clinic in the standard care arm 

and 1.65 in the intensive monitoring arm, in addition to the six and 10 scheduled visits in 

the two arms respectively. 
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Table 11-2: Mean TB-DM patient costs for diagnosis, treatment and transport in 
Bandung, Indonesia (2014 USD) 

Time point User fees 
(medical 

consultation) 

User fees 
(health 
facility) 

Drugs Tests Transportation 
(clinic) 

Total mean 
cost per 
patient 

Standard DM care arm 

Baseline 0.00 0.14 0.00 0.00 0.43 0.55 
Unscheduled visits 
reported at baseline 

0.00 0.00 0.00 0.00 0.00 0.00 

2 months 0.00 0.00 0.00 0.00 0.35 0.35 
3 months 0.00 0.14 3.84 0.38 0.35 4.71 
6 months 0.00 0.14 0.00 0.00 0.35 0.49 
Unscheduled visits 
reported at 6 months 

0.00 0.00 0.00 0.00 0.00 0.00 

12 months 0.00 0.00 0.00 0.00 0.35 0.35 
Unscheduled visits 
reported at 12 months 

0.00 0.00 0.00 0.00 0.15 0.15 

18 months 0.00 0.00 0.00 0.00 0.35 0.35 
Unscheduled visits 
reported at 18 months 

0.00 0.00 0.00 0.66 0.001 0.67 

Total 0.00 0.42 3.84 1.05 2.34 7.64 

Intensive DM monitoring arm 

Baseline 0.00 0.24 2.40 0.75 0.95 4.34 
Unscheduled visits 
reported at baseline 

0.00 0.00 0.00 0.00 0.00 0.00 

2 weeks 0.00 0.00 0.00 0.00 0.95 0.95 
1 month 0.00 0.00 0.00 0.00 0.95 0.95 
2 months 0.00 0.00 0.00 0.00 0.95 0.95 
3 months 0.00 0.00 0.00 0.00 0.95 0.95 
4 months 0.00 0.00 0.00 0.00 0.95 0.95 
5 months 0.00 0.00 0.00 0.00 0.95 0.95 
6 months 0.00 0.00 0.00 0.00 0.53 0.53 
Unscheduled visits 
reported at 6 months 

0.58 0.00 0.00 3.41 0.52 4.50 

12 months 1.92 0.00 0.00 0.00 0.53 2.45 
Unscheduled visits 
reported at 12 months 

0.00 0.00 0.00 0.00 0.00 0.00 

18 months 0.00 0.00 0.00 0.00 0.00 0.00 
Unscheduled visits 
reported at 18 months 

1.10 0.00 0.00 0.72 0.00 1.82 

Total 3.60 0.24 2.40 4.88 8.23 19.34 

TB-tuberculosis; DM-diabetes mellitus; USD-United States dollar
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11.3.3 Productivity and childcare costs 

The average transportation time was 54 minutes for patients in the standard care arm and 

1 hour and 34 minutes for those in the intensive monitoring arm (Table 11-3). The average 

time spent at the health centre at baseline for registration and diagnosis was 44 minutes 

in the standard care arm and more than two times as long at 1 hour and 39 minutes in the 

intensive monitoring arm. 

The mean income lost by patients with TB-DM was US$ 11.67 and US$ 29.56 in the 

standard and intensive monitoring arms, respectively (Table 11-3). In the standard care 

arm the greatest proportion of income lost was at baseline (15%), the six-month 

treatment visit (13%) and the 12-month follow-up visit (14%). In the intensive monitoring 

arm, the proportion of income lost is also highest at the six-month (9%) and 12-month 

(11%) visits, but the three-month visit also places a heavy economic burden on the 

patients with 10% (US$ 3.03) of the income lost occurring at this time point. 

The mean cost of productivity losses per visit due to transportation time and time spent 

at health facility was US$ 0.83 for patients in the standard DM care arm and 2.5 times 

more (US$ 2.11) for those in the intensive monitoring arm. 

No payments for childcare or care of dependants were reported. 
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Table 11-3: Mean income lost per patient with TB-DM in Indonesia (2014 USD) 

Time point Transportation 
time  
(minutes) 

Time spent at 
health facility* 
(minutes) 

Total time 
without income  
(minutes) 

Income lost  
 
(USD) 

Standard DM care arm 

Baseline 60 74 134 1.73 
Unscheduled visits reported 
at baseline 

0 NA NA --- 

2 months 60 34 94 1.21 
3 months 60 30 90 1.16 
6 months 70 50 120 1.55 
Unscheduled visits reported 
at 6 months 

70 NA 70 0.90 

12 months 70 54 124 1.59 
Unscheduled visits reported 
at 12 months 

70 NA 70 0.90 

18 months 47 24 71 0.90 
Unscheduled visits reported 
at 18 months 

15 NA 15 0.19 

Total 643 266 909 11.67 

Average per visit 54 44 65 0.83 

Intensive DM monitoring arm 

Baseline 107 67 174 2.23 
Unscheduled visits reported 
at baseline 

107 NA 107 1.37 

2 weeks 107 98 204 2.62 
1 month 107 92 199 2.55 
2 months 107 88 195 2.50 
3 months 107 130 236 3.03 
4 months 107 86 193 2.48 
5 months 107 98 205 2.63 
6 months 83 130 212 2.72 
Unscheduled visits reported 
at 6 months 

83 NA 83 1.06 

12 months 83 169 252 3.23 
Unscheduled visits reported 
at 12 months 

83 NA 83 1.06 

18 months 92 35 127 1.63 
Unscheduled visits reported 
at 18 months 

34 NA 34 0.43 

Total 1,311 993 2,303 29.56 

Average per visit 94 99 165 2.11 

TB-tuberculosis; DM-diabetes mellitus; USD-United States dollars; NA-not available 
*Includes waiting time  
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11.3.4 Coping strategies 

A total of six out of the 31 (19%) patients in the RCT reported some form of coping strategy 

during their 18 months of treatment. At baseline, four patients (13%) made out-of-pocket 

payments for medical services, all of whom reported a coping strategy was needed to 

afford these payments; three patients reduced other expenses and one borrowed money.  

Out-of-pocket payments and coping strategies to cover the costs incurred were only 

reported by one patient at each of the three-month, six-month and 12-month visits. The 

payments were made by a different patient on each occasion. Use of savings and help 

from a family member was reported for the three-month visit, reducing other expenses 

at the six-month visit and borrowing money at the 12-month visit. 

Overall, the most common coping mechanism was reducing other expenditure in the 

standard arm and borrowing money in the intensive arm (Figure 11-1). No patients sold 

assets, sought assistance from government/charity services or asked for donations.  

No insurance reimbursements were reported, so no adjustments were made to the out-

of-pocket payments made by patients. 
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Figure 11-1: Number of patients being treated for TB-DM reporting coping strategies in 
Bandung, Indonesia* 

 
*For 31 patients in the RCT completing 18 months of treatment and follow-up for TB and DM 
TB-tuberculosis; DM-diabetes mellitus; RCT-randomised controlled trial 

11.3.1 Mean patient costs per case treated 

The mean total patient costs per case of TB-DM treated was two and a half times more in 

the intensive monitoring arm (US$ 48.90) than in the standard care arm (US$ 19.31) (Table 

11-4). Lost productivity was the main cost burden (60%) for patients in both arms of the 

RCT. 

During the last 12 months of the RCT, when they are typically receiving DM management 

only, the costs account for approximately 25% of the total costs to the patient, equating 

to a monthly cost of US$ 0.89 and US$ 0.43 for patients in the intensive monitoring and 

standard care arms, respectively. The monthly clinic visits required in the intensive 

monitoring arm during the six months of TB treatment substantially increase the financial 

burden for patients costing them US$ 5.28 per month, whereas patients receiving 

standard DM care during TB treatment incur less than half the costs, at US$ 1.99 per 

month, but still 4.5 times more than the monthly cost of DM management only. 
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In the absence of patient specific data, the average net basic wage for 18 months was 

calculated as US$ 2,411, using 2014 Indonesia values. The out-of-pocket expenditure and 

lost income due to health visits would have accounted for 2% of an employee’s income if 

they received intensive DM monitoring in addition to six months of TB treatment. 

Receiving the standard DM care available in Bandung as well as the six-month TB regimen 

would incur costs of less than 1% of the average income earned over 18 months. 
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Table 11-4: Patient costs per case of TB-DM treated in Bandung, Indonesia (2014 USD) 

  Standard DM care Intensive DM monitoring 

  

Diagnosis 
of 
concurrent 
disease 
(baseline) 

TB 
treatment 
and DM 
management 
(>baseline-6 
months) 

DM 
management 
only 
(>6-18 
months) 

Total costs 
(baseline - 
18 months) 

Diagnosis 
of 
concurrent 
disease 
(baseline) 

TB 
treatment 
and DM 
management 
(>baseline-6 
months) 

DM 
management 
only 
(>6-18 
months) 

Total costs 
(baseline - 
18 months) 

Direct medical costs 0.14  4.49  0.66  5.30  3.39  3.99  3.74  11.11  
Direct non-medical costs 0.43  1.06  0.86  2.34  0.95  6.74  0.53  8.23  
Indirect costs 1.73  6.36  3.58  11.67  2.23  20.97  6.35  29.56  
Total costs per case treated 2.29  11.91  5.10  19.31  6.57  31.70  10.63  48.90  

TB-tuberculosis; DM-diabetes mellitus; USD-United States dollars 
Direct medical costs includes user fees, drugs and tests; direct non-medical costs includes transportation for clinic visits; indirect costs includes lost income 
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11.4 Discussion 

Very few patients (29%) reported any out-of-pocket payments for consultations, health 

facilities fees, drugs or tests during the 18 months of treatment and monitoring. This 

suggests that patients with TB were able to access the free medical services available to 

them at the point of care through the Jamkesmas national health insurance and the 

National TB Programme (NTP). In the study, 74% of patients were self-employed or home-

makers, and therefore not eligible for national health insurance, making the TB clinic 

largely responsible for ensuring free healthcare services for patients through the NTP. 

The burden of the potential lost wages due to clinic visits was 1.5 times that of the direct 

out-of-pocket costs incurred during TB-DM treatment. From six to 18 months, when most 

patients are receiving DM care only, the patient costs are far less per month than when 

patients are receiving TB and DM treatment, suggesting that TB treatment or 

complications from concurrent disease contribute a higher financial burden than DM 

management only. 

At baseline, patients were being diagnosed for TB as well as registering for the TANDEM 

study so it is expected that the average time spent at the health facility at baseline would 

be greater than at subsequent visits. TB treatment typically ends after six-months, so this 

visit would also be expected to be longer than the previous health care visits for treatment 

in order to ensure that ending TB treatment is warranted. 

The round trip journey time between the patient’s home and the clinic was more than 

twice as long for patients in the intensive monitoring arm and resulted in almost three 

times the cost. Patients in the intensive monitoring arm appeared to live further away 

from the health facility since each mode of transportation (public transportation and 

motor bicycle) was equally represented in each arm, except for one person taking a taxi 

in the intensive monitoring arm. 

The human capital approach was used to value the productivity losses because the 

majority of patients in the standard care (73%) and intensive monitoring (76%) arms did 
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not report to an employer, i.e. they were home-makers or self-employed. Therefore, it 

was more appropriate to assess the losses from the patient’s perspective and capture all 

the time that potential income was not earned or household/family contributions could 

not be made due to seeking care (van den Hout, 2010). The friction-cost method assumes 

that someone else would take over the duties of the patient when seeking care but this is 

unlikely given the patient characteristics in Bandung, even for long-term absenteeism 

from self-employed work. Additionally, the time away from productive activities is far less 

than the standard friction period of six months, after which it is assumed that the patient 

would be replaced by another worker. 

There are several limitations to the patient cost analysis presented here. The lost income 

reported in this study is likely to be severely underestimated since the time patients had 

to spend at home because they had infectious TB or were too ill to work or in hospital was 

not captured. The time spent at the clinic so far, including waiting time, was captured for 

calculation of the lost productivity. The values obtained are likely to be underestimations 

since patients may not have left the facility immediately after this interaction with the 

clinician. Likely reasons for a delayed departure include requiring a test in another part of 

the health facility, collecting non-TB drugs from a separate health facility pharmacy or 

waiting for a relative to return to take them home. 

Additionally, the impact of patient costs on the household was not captured because 

household income data was not accessible. This meant that the catastrophic costs could 

not be assessed, nor the potential of TB-DM to push people and households below the 

poverty line or for those already below it, even further down. Including the patient costs 

incurred from the first onset of TB symptoms through to diagnosis of TB, then diagnosis 

of DM to the end of DM monitoring was not captured in this study either. These early 

costs could constitute a significant proportion of the patient costs, particularly before 

uninsured patients become eligible for free health services related to TB and DM, and 

should be included in future studies about the cost of TB-DM diagnosis and treatment. 

The costs of supplements and changes in lifestyle to accommodate more physical activity 

and a healthier diet were also not captured. 
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No patient specific costs for detecting or treating TB-DM was identified and the estimates 

calculated for screening for and treating DM in people with TB in South East Asia (US$ 3-

56 million) were imprecise and the methodology appeared quite crude (Sullivan and Ben 

Amor, 2012). Therefore, TANDEM is the first study to report the economic burden to 

patients of diagnosing and treating concurrent TB-DM. 

Patient costs have been reported for patients with TB and patients with DM separately in 

many countries but, despite the high burden of both diseases in Indonesia, there are 

limited studies reporting patient incurred costs in that setting (Laurence et al., 2015, 

Seuring et al., 2015 49). 

One study in Jogjakarta, Indonesia included the mean total patient costs reported by 

people with TB only (Mahendradhata et al., 2010). In that study, 58 patients with TB were 

treated for six months using the DOTS strategy at health centres and reported a mean 

total cost of $ 33.75 (2005 USD). Though my study reported total patient costs of US$ 

14.21 and US$ 38.27 during the first six months of the standard and intensive RCT arms 

respectively, the study in Jogjakarta included the lost earnings of carers. If carer costs were 

excluded and the mean costs were inflated to 2014 values in Jogjakarta, the TB treatment 

costs there (US$ 51.85) would be greater than the TB-DM treatment costs in Bandung. 

This could be explained by the financial protection offered to patients in an RCT, even 

when standard care is costed; avenues for financial protection, such as insurance 

coverage, are more likely to be explored for patients by the RCT staff, thereby ensuring 

that patients do not pay for health services that they are entitled to access free of charge. 

Andayani and Imaningsih (2007) reported the monthly out-patient costs for DM in 

Yogyakarta, from the perspective of the patient, as US$ 19.97. This is far greater than the 

monthly costs incurred by patients with TB-DM in Bandung, which ranges from US$ 1.07 

for standard DM care to US$ 2.72 for intensive DM monitoring. Again, we see the effect 

of national health insurance, which now provides free access to a much wider range of 

drugs and tests to a larger pool of eligible individuals than was the case in 2004 when the 

study was conducted in Yogyakarta. 
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Descriptions of what DM treatment entailed varied considerably and inclusion of DM 

complications was not consistent, therefore comparison between studies and countries 

was tenuous, reinforcing why it is difficult to use data from one country to estimate for 

another. When treatment costs are not well described or disaggregated, they cannot be 

applied with confidence to other settings, as would have had to occur for Indonesia and 

Romania since no studies with primary DM treatment costs were identified for either 

country within Seuring’s (2015) global systematic literature review. Methods for assessing 

productivity losses also varied, partially explaining the reason for such a wide range of 

values, particularly within country income groups. 

A separate review on DM treatment costs specific to Indonesia had monthly costs that 

were very different, even when comparing two studies that included DM-related 

complications, appeared to have similar cost components and were set in the same 

hospital in Yogyakarta. The costing and analysis methods were different, but the papers 

did not provide enough information to discern where these differences had the greatest 

impact. 

The IDF estimates of the mean DM-related (treatment and management) expenditure per 

person in 2015 was US$ 171 (Int. $471) for Indonesia and US$ 579 (Int. $ 1,136) for 

Romania (IDF, 2015). These values are 11% less in Indonesia and 34% more than the values 

extracted from the literature searches (Error! Reference source not found.). This is p

erhaps explained by the IDF values not including the costs of DM complications or by a 

difference in the cost composition, but it is more likely to be due to the estimation method 

used by the IDF. The IDF method assumed DM expenditure to be two to three times more 

than in people without DM, and applied an attributional fraction model to the total health 

expenditure estimates for 2014 (da Rocha Fernandes et al., 2016). 

11.5 Conclusion 

So few patients with TB-DM reported any out-of-pocket costs that there seems to be much 

progress in providing universal health coverage for TB-DM care in Bandung. The greatest 

financial burden for patients with concurrent disease remains the productivity losses 

incurred by frequent clinic visits. The impact of lost income would be even more severe 
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when time spent in hospital or at home and unable to work, and time of carers are also 

included. While improvements can still be made to reduce the burden on patients, 2% 

expenditure of monthly income on TB-DM treatment is promising, particularly if this 

remains the case for treatment of patients with TB-DM in routine services.
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PART IV – DISCUSSION AND CONCLUSION 

Chapter 12 Discussion 

The aim of this thesis was to assess the costs, operational feasibility and health-related 

quality of life impact of various screening and management strategies for patients with 

concurrent TB and DM in Indonesia, Peru and Romania. The data were collected 

alongside cross-sectional and RCT studies in the TANDEM project. Patients with TB and 

patients with DM were recruited at public health facilities in the three countries and 

screened for DM and TB, respectively. In Indonesia, patients with TB-DM were treated 

for both diseases for six months and followed-up for an additional 12 months. 

The study aim was achieved by focusing on five specific objectives: 

1. To compare the mean cost per accurate diagnosis of DM in people with TB, using 

various algorithms of four screening tests (DM risk score, POC RPG, urine dipstick 

and POC HbA1c), a diagnostic test (FBG) and the gold standard (laboratory 

HbA1c), in Indonesia and Romania. 

2. To compare the mean cost per accurate diagnosis of TB in people with DM, using 

various algorithms of two screening methods (TB symptom screen and CXR), and 

sputum examination (smear and culture), if irregular results were found, in 

Indonesia and Romania. 

3. To evaluate and compare the operational feasibility of various DM screening 

strategies in persons with TB; and various TB screening strategies in persons 

with DM, in Indonesia and Peru. 

4. To compare the health-related quality of life of patients with concurrent TB-DM 

receiving 6 months of TB treatment and two different clinical management 

strategies for DM in Indonesia: 

a. Standard care: routine practice at each study site; 

b. Enhanced intensive monitoring, with education and counselling: FBG 

and clinical review at baseline, 2 weeks, 4 weeks and then monthly until 

12 months after TB treatment completion. 
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5. To compare the patient costs for diagnosis and treatment of concurrent TB-DM 

during 6 months of TB treatment and two different clinical management 

strategies for DM in Indonesia: 

a. Standard care: routine practice at each study site; 

b. Enhanced intensive monitoring, with education and counselling: FBG and 

clinical review at baseline, 2 weeks, 4 weeks and then monthly until 12 

months after TB treatment completion. 

The paper-style format of this thesis allowed me the opportunity to summarise the main 

results and discuss their implications at the end of each results chapter. This discussion 

chapter summarises and pulls together the key findings from those distinct topics. 

Subsequently, study limitations are acknowledged, and contributions to the body of 

knowledge about integrating TB-DM services, the next steps in the research agenda and 

potential policy implications are considered. The chapter ends with personal reflections 

of the entire PhD journey. 

12.1 Main research findings 

Chapter 6 presented the SES distribution of patients in Indonesia, Peru and Romania, 

which was developed using a PCA of asset indices. This distribution was a relative 

measure to compare the SES status of patients in the study, but did not provide absolute 

values of poverty or income group within the population. The non-durable and durable 

assets, which were representative of different SES quintiles, varied amongst countries. 

For instance, having a computer was the strongest indicator of wealth in Indonesia and 

Romania but this was not the case in Peru, where having a refrigerator or a microwave 

were found to be the strongest indicators of wealth. 

Also, there are socio-cultural and geographic differences between countries that 

affected which assets were most suitable for assessing SES. In multi-country studies, 

despite a desire for consistency across sites, different assets may need to be assessed in 

each country (Howe et al., 2012). For instance, having a flush toilet was the only SES 

indicator in the sanitation category for Indonesia and Peru while Romania had both flush 



Chapter 12 - Discussion 
 

341 

toilets and traditional toilets. Even in the poorest quintile, a high proportion of 

households have flush toilets in Indonesia (77%) and Peru (84%), but in Romania 92% of 

people in the wealthiest quintile have flush toilets while only 4% of the poorest quintile 

have one. In Peru, the wealthiest quintile had the greatest proportion (97%) of 

households with a private water source, but the reverse was true in Romania where the 

poorest quintile had the greatest proportion (99%) of households with a private water 

source. This could be explained by the different historical approaches to sanitation 

infrastructure between Eastern Europe and South America or possibly variation in what 

was understood by a private water source in the two settings. A private water source 

and purchasing water were evenly distributed amongst quintiles in Indonesia, 

suggesting that very little infrastructure for potable water exists in Bandung. 

Financial structures or regulation also varies between the three countries; 27% of the 

wealthiest quintile had a bank account in Peru while this rose to 57% in Romania and 

78% in Indonesia. Furthermore, people with DM tended to be wealthier compared to 

people with TB. 

Key programmatic challenges of bi-directional TB-DM screening were assessed in 

Research Papers 3 and 4. The results of these papers provide evidence from Indonesia, 

Peru and Romania that screening people with TB for DM has a lower cost per accurate 

diagnosis compared to screening people with DM for TB. Systematic screening for TB in 

people with DM should only be considered in settings with a high TB prevalence (at least 

100 cases per 100,000 population (Lonnroth et al., 2014)).  

Some variability in the ranking of the costs per accurate diagnosis for the DM algorithms 

between Indonesia and Romania suggests that consideration of country profile and 

disease burden is needed when making assessments about the most appropriate DM 

diagnostic algorithm in people with TB. This applies particularly to the repeated 

diagnostic tests after an initial screen. In Research Paper 3, the test combination with 

the lowest cost per accurate diagnosis was the DM age screen and POC RPG algorithm, 

at US$ 1.49 in Indonesia and US$ 5.64 in Romania. The urine dipstick and repeated FBG 

algorithm had the second lowest cost per accurate diagnosis in Indonesia, but not in 
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Romania. The urine dipstick and repeated laboratory HbA1c algorithm had the third 

lowest cost per accurate diagnosis in Romania, but was far more costly in Indonesia. 

In people with TB, who may be experiencing TB induced transitory hyperglycaemia, 

HbA1c tests are most appropriate for detecting true DM (Adepoyibi et al., 2013). The POC 

HbA1c test performs well as a screening test, but would need to be combined with a 

diagnostic test, such as repeated laboratory HbA1c. This algorithm is the second most 

expensive per accurate diagnosis in Indonesia and Romania, at US$ 43.58 and US$ 52.59, 

respectively. 

Data obtained in the costings in the two countries reiterate the guidelines of the micro-

costing methodology paper in Chapter 7, which states that it is important to include 

overhead costs in the cost per test; we saw a range of 1%-52% of TB tests being 

attributed to overhead costs. Omitting these costs could substantially impact decisions 

about the most cost-effective diagnostic pathway or algorithm. 

Research Paper 4 assessed the operational feasibility of performing DM tests in people 

with TB attending DOTS clinics and TB tests in people with DM at DM clinics from the 

perspective of HCWs, in Indonesia and Peru. Operational feasibility was defined using 

seven domains. The DM POC tests performed well in most domains, but the POC HbA1c 

test had no clear advantage over the POC RPG test and the urine dipstick was deemed 

inappropriate (not useful) for diagnosing DM in people with TB. HCWs reported that 

sample collection by finger prick was not well liked by patients, these samples were 

compromised more than urine or blood draw and the down time of the POC HbA1c 

machines increased as the machine aged. Given the clinical and practical preference for 

the POC HbA1c test (Adepoyibi et al., 2013), if improvements could be made to the 

sample collection method as well as quality of the samples and equipment, it could be 

a favoured option for DM screening in DOTS clinics. This is particularly relevant where 

POC diagnostic tests for HIV in patients with TB have proven to be efficient in increasing 

diagnosis, improving access to care and early treatment for concurrent disease (Riza et 

al., 2014, Harries et al., 2010). 
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The CXR was the most operationally feasible test for TB in people with DM in both 

Indonesia and Peru, particularly in terms of performance time and accessibility given the 

already existing infrastructure in these settings. 

In Chapter 10, people with TB only were shown to have better HRQoL at baseline than 

people with TB-DM in Peru and Romania. No difference in HRQoL between these two 

groups was found in Indonesia, which also had the largest sample size. There is weak 

evidence that people undergoing intensive DM monitoring have better HRQoL than 

those in standard care after six months of TB treatment and DM management. The 

association was further attenuated after adjustment for clinical and demographic 

confounders, including the SES quintiles generated in Chapter 6. The quintiles were also 

used to assess the differential effects of SES on HRQoL of patients with TB and TB-DM 

at baseline. Patient HRQoL measured at baseline improved from the poorest to the 

wealthiest quintiles for Indonesia only. 

In the last results chapter it was shown that very few patients reported making out-of-

pocket payments for accessing TB-DM diagnosis and treatment in Indonesia, potentially 

highlighting the success of augmented universal health coverage in this setting. The 

burden of out-of-pocket payments and lost productivity was however 2.5 times greater 

for patients in the intensive DM monitoring arm than those in standard DM care, 

comprising 2% and less than 1% of the average monthly income, respectively. These 

proportions can both be considered relatively low, suggesting that TB care in Indonesia 

has been successful in bringing services close to the patient.  

The mean monthly costs for TANDEM patients in the intensive monitoring arm (US$ 

2.72) was approximately US$ 17 less than the monthly out-patient costs (direct medical 

out-of-pocket payments only) for DM care (with no complications) in Yogyakarta 

(Andayani and Imaningsih, 2007). The difference in costs is largely due to the heavy 

financial burden of DM drugs, which accounted for 96% (US$ 19.25) of the monthly cost 

of DM care in the 2004 study. Since the formation of JKN to provide UHC in 2014, there 

is broader health insurance coverage of the Indonesian population. More patients were 
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eligible for free DM drugs in TANDEM than in the Yogyakarta study as the number of DM 

drugs included in the national formulary has increased.  

The mean total patient costs during six months of DOTS treatment and standard DM 

management (US$ 14.20) was less than half the costs reported (out-of-pocket 

payments, transportation and productivity losses) in a study in Jogjakarta for patients 

with TB only (US$ 33.75) (Mahendradhata et al., 2010). Out-of-pocket payments for 

consultations, tests and drugs before starting DOTS were included in the 

Mahendradhata study and accounted for 49% (US$ 16.56) of the mean total patient 

costs. These ‘before-treatment’ costs, where seeking a TB diagnosis can take months 

and include misdiagnosed treatment, were not included in the TANDEM study. When 

these costs are removed from the Yogyakarta data, the mean total cost (US$ 17.19) is 

still approximately 20% more than the TANDEM values in the standard DM management 

arm of the RCT (US$ 14.20). There may have been some financial protection for the 

patients conferred by participating in the RCT, where staff are more likely to ensure that 

patients are accessing insurance coverage to pay for health services and minimizing their 

out-of-pocket payments. 

12.2 Strengths and limitations 

Collection of some of the economic data was integrated into the TANDEM RCT, thus 

facilitating access to the data. The epidemiological data, such as the sensitivity and 

specificity of diagnostic tests, were easily calculated by accessing an online project 

database (Ramsey et al., 2015). The PCA method provided a relative measure of SES of 

patients that was methodologically robust and less subject to recall or social desirability 

bias than collecting income, expenditure or consumption data, and asset index data 

collection period is shorter than the latter two methods (Filmer and Pritchett, 2001, 

Gwatkin et al., 2007). 

Overall, the PhD journey was very rewarding but there were several challenges along 

the way that impacted upon the successful conduct of various components of the 

research. These limitations are presented here. 
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12.2.1 Data availability and quality 

All of the data for this PhD were collected alongside a pragmatic RCT, meaning that the 

analysis in the thesis was reliant upon the timing and success of the cross-sectional 

recruitment study and RCT. The operational challenges of conducting a study in busy 

health facilities alongside overworked and sometimes underappreciated staff, as well as 

a slower than expected patient recruitment rate for the bi-directional screening caused 

several delays in cost and operational feasibility data collection. Due to these delays, the 

RCT is approximately six months behind the proposed schedule and a no-cost extension 

had to be sought from the funders to ensure that the primary study objective could be 

met. Hence, at the time of PhD conclusion only preliminary findings were available for 

the patient costs and HRQoL data and the original objective of performing an economic 

evaluation had to be modified since the effect of the intervention will not be known until 

July 2017. 

There was some attrition of HCWs for both TANDEM funded staff and those working 

directly with the health facilities. It is unclear if this attrition was due to staff leaving the 

facility altogether or performing other duties within the same facility. This staff 

movement meant that different HCWs were generally interviewed at the first and 

second time points for the operational feasibility analysis, making it difficult to assess 

whether HCWs found the DM screening tests easier with time. However, indications of 

how the health system adapted can be inferred by the high staff turn-over. 

The patient cost comparisons for the two arms of the RCT may be underpowered 

because the sample size of the trial was based on the primary clinical outcome only 

(Ramsey et al., 2015). This may restrict future economic evaluation hypothesis testing 

in Indonesia. 

As mentioned in Chapter 7, LMICs tend to not have established cost accounting systems. 

This was the case in Indonesia and Romania and therefore extensive primary data 

collection was needed to obtain the resource utilisation and unit costs of the diagnostic 

tests as well as overheads, as presented in Chapter 8. The paper on how to do a micro-

costing of laboratory tests in Chapter 7 was my attempt to fill this gap and provide 
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guidance on the generation of context specific cost data, with the ultimate goal of 

enabling more accurate and appropriate decision making for countries with limited 

resources and costing infrastructure. The micro-costing performed in Chapter 8 faced 

many of the challenges highlighted in Chapter 7. These included obtaining and 

appropriately allocating shared overhead, equipment and consumable costs. 

12.2.2 Biases 

Online case report forms were used in the RCT to capture patient data, including asset 

indices, HRQoL, patient costs and inputs for calculating the sensitivity and specificity of 

the diagnostic tests. While it is immensely beneficial to have these data collected at the 

time of the patient visits, these economic and epidemiological data were collected by 

clinicians, most of whom were not specifically trained to collect them. This may have led 

to interviewer bias. 

Using the asset index approach rather than the consumption or expenditure reporting 

approaches for estimating SES in TANDEM patients, as presented in Chapter 6, reduced 

recall bias. However, this may have been replaced by social desirability bias, with 

patients reporting more assets than they owned to present themselves as being better 

off than they were. The interviews with the HCWs for the operational feasibility analysis 

in Chapter 9 and the patient-reported HRQoL in Chapter 10 were also susceptible to 

social desirability bias. 

Some patients with TB-DM refused to participate in the Indonesian RCT because they 

felt too unwell. Even though RCTs are less affected by selection bias due to the random 

allocation to different arms of the trial, it was still possible, as those who opted to 

participate (68%) may be less representative of the entire population of people with TB-

DM. This can make the results of the HRQoL, and possibly the patient costs, less 

generalisable. 

The choice of gold standard for DM tests in TANDEM, laboratory HbA1c, may also limit 

the generalisability of the cost per accurate diagnosis findings. The HbA1c was chosen 

instead of the traditional gold standard, oral glucose tolerance test, because the latter 
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is considered to be impractical and disproportionately laborious for people with TB. 

Given that the WHO has endorsed the use of the laboratory HbA1c as a single diagnostic 

test, once its availability is expanded, it may become a more common gold standard, 

particularly for TB-DM. 

For the HRQoL analysis no country specific value sets were available for Indonesia, Peru 

or Romania. Therefore, the cultural and social norms that influence how individuals 

experience and report their mobility, self-care, usual activities, pain/discomfort and 

anxiety/depression status were not represented in the utility scores. To address this, 

sensitivity analyses were performed using value sets from other countries, but there 

were no differences in the strength or significance of the associations. 

12.2.3 Logistical challenges 

This multi-country PhD made coordination of data collection challenging, particularly 

since there were no other economists or researchers with an understanding of health 

economics at the sites to consistently monitor the data collection process. Before 

gaining access, obtaining cost data often required many follow-up visits that stretched 

beyond my three to four week visits to each country.  

In order to successfully collect data of a high quality, several trips to each country were 

needed over the three and a half years of patient recruitment and treatment. The sites 

are geographically spread across the world and only Romania was easily accessible from 

my base in London. Therefore, due to limited resources, I was not able to visit all sites 

as often as needed. This meant that some data collection and data quality control had 

to be done remotely, which was not ideal. During my visits to the sites, I provided 

training about costing techniques to TANDEM colleagues. They were then able to follow-

up on my cost and resource utilisation data requests and forwarded them to me 

electronically. I made every effort to thoroughly check the data quality upon receipt, 

ensuring: 

1. Costs, rather than charges, were obtained; 

2. Resource units were accurate by comparing with other sites; 
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3. Preliminary analysis of the costs of diagnostic tests was performed early, to 

ensure that values were not excessively different from those in literature reviews 

or if they were, I could explain the differences; 

4. Other data validity checks. 

12.2.4 Health system constraints 

The initial plan for TANDEM during protocol development was that the three countries 

would conduct the RCT. However, during the bi-directional cross-sectional screening 

study many obstacles became apparent and Indonesia was the only country that could 

implement the RCT and comply with the protocol specifications.  

In Peru, there were insufficient research staff to support the already overworked health 

facility staff during both the bi-directional screening and RCT activities (Riza et al., 2014). 

This was a key reason for not being able to conduct the micro-costing of diagnostic test 

in Peru. Intensive DM management of patients was meant to occur at the General 

Hospital in Lima (HAMA), but the logistics of getting patients with TB-DM, many of whom 

lived hours away by public transport, were in a lower SES and ill, to return to HAMA was 

difficult to navigate. Additionally, recurrent countrywide strikes by HCWs between 2014 

and 2016, led to a restriction of many health care services to emergency care only. These 

factors exacerbated the situation and after many attempts to engage staff at the HAMA 

DM Clinic, the RCT was stopped.  

Romania also experienced challenges with the RCT. The plan was to engage the 

diabetologists and family physicians throughout Dolj and Gorj counties who were 

treating people with DM in the standard care arm of the RCT so they would ensure 

patient outcomes were reported to TANDEM. DM management in the intensive 

monitoring arm was to be managed daily by a TANDEM resident doctor affiliated with 

each of the TB hospitals and overseen by one senior diabetologist based in the capital 

city of Bucharest, over 200 kilometres away. As many as 40 patients were recruited for 

the RCT in Romania, but the logistics of continuing the trial became too difficult, 

especially when it became apparent that the TANDEM DM management protocol did 

not match regulated DM management in Romania. Clinicians involved in the care of 
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patients with TB-DM were not prepared to allow the intervention protocol to be 

implemented. Hence, the RCT in Romania was stopped. These changes with the RCT 

meant that plans to collect HRQoL and treatment costs data in the three countries were 

constantly being modified. It also reinforced that many changes within the health 

system would be needed in Peru and Romania before integration of TB-DM services 

could realistically be implemented. 

From a health systems perspective, the vertical nature of the TB and NCD programmes 

in Peru and Romania made collaboration between respective programme 

administrators, and indeed clinicians, challenging, almost impossible at times. In 

addition to being two distinct programmes that have traditionally had no need to work 

together, the structures are markedly different. The NTPs in the three countries have 

successfully implemented an approach that controls TB; patients are registered and 

evaluated in cohorts and diligently followed-up (Harries et al., 2015). That structure does 

not exist in the NCD programmes and therefore, even if a patient with TB is diagnosed 

with DM, a national DM register does not exist in Peru (Seclen et al., 2015). There is a 

DM register in Romania, but there are delays in registering patients onto it (Mota and 

Dinu, 2013). The register is controlled at the county level in Romania and patients 

accessing care in more than one county have poor continuum of care. Additionally, there 

is a lack of awareness within the medical community about the interactions between TB 

and DM in all countries. 

The above challenges manifested themselves in all TANDEM countries, but the 

difference in the Indonesian context was political will present at all levels of the public 

health sector, to address TB-DM. This is evident in the Bali Declaration, which clearly 

indicates their intention to deal with the syndemic (The Union, 2015a). In Romania, 

guidelines from the governing health insurance body, NHIH, state that concurrent 

diseases should be treated separately and make no allowances for programmes to 

coordinate funds or activities (WHO and ECDC, 2015). The Peruvian government seems 

to give no official directive for treating concurrent TB-DM (Peru Stop TB Committee, 

2009). 
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Notwithstanding these limitations, the PhD made a number of novel contributions to 

the field of TB-DM by assessing the costs of TB-DM services, operational feasibility of bi-

directional screening and the health-related quality of life of persons with both diseases. 

These are discussed in the next three sections. 

12.3 Contribution to knowledge 

This PhD has incorporated health economics methods and epidemiological analysis to 

produce complementary evidence that supports the screening of people with TB for DM 

as the most cost-effective route, and highlights potential barriers and opportunities for 

implementation into routine practice.  

If intensive DM monitoring is found to be effective, preliminary analysis suggests that 

patients who received the intervention will have a better HRQoL than those in standard 

DM care. Patient costs incurred while receiving TB and DM treatment were greater for 

those in the intervention arm, driven largely by lost productivity, due to almost twice as 

many health care visits than in the standard care arm. The incremental patient out-of-

pocket costs of DM management over TB treatment appears to be less than the cost of 

equivalent DM management a decade ago, suggesting that improvements in health 

insurance coverage can enable the provision of care for concurrent disease without a 

severe burden on the patient. The main contributions of this thesis are presented 

according to the fields of health economics and TB-DM services. 

12.3.1 Health economics 

The diagnostic and patient costs are the first primary cost data available for TB-DM and 

are an initial step towards conducting economic evaluations of TB-DM services. We 

would expect the diagnostic costs to be within the range of values for TB and DM tests 

in disease naïve patients and Chapter 8’s discussion confirms this is indeed the case, 

with the exception of the LTBI tests (IGRA and TST), which are as much as 50% more 

expensive in patients with DM than stated in the published literature. 
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The micro-costing paper contributes to the field of health economics by providing a 

practical guide for obtaining the costs of laboratory tests, and other health technologies, 

in settings with weak or no cost accounting systems. Common challenges of cost data 

collection and analysis are presented with potential solutions: obtaining equipment 

utilisation, allocating of shared costs, costing all relevant diagnostic pathways, and 

ensuring that overhead costs are included, where possible. 

12.3.2 TB-DM services 

This is the only known study to administer a HRQoL assessment tool to patients with TB-

DM. It offers the patient perspective on the impact of different approaches to DM 

management while undergoing TB treatment, which can be emotionally, mentally, 

socially, physically and physiologically overwhelming. 

Implementation of bi-directional screening for TB and DM tests was assessed using 

mostly quantitative approaches. By including the semi-qualitative analysis of the 

operational feasibility study, some context has been provided to understanding why bi-

directional screening is difficult and how this could be addressed.  

12.4 Policy implications 

International bodies, such as The Union, WHO and World Diabetes Federation have 

acknowledged the link and burden of TB-DM, and have gone as far as to label it a 

“looming co-epidemic” (The Union and WDF, 2014, Harries et al., 2011), but no 

international protocols exist for detecting or treating the concurrent diseases. As a 

result, it is crucial to synthesise the available evidence with the ultimate goal of 

informing policies and protocols to manage the syndemic. As discussed in Chapter 1, The 

Framework by The Union and WHO recommends collaborative activities for addressing 

the TB-DM syndemic and identifies priority research questions (The Union and WHO, 

2011). TANDEM has addressed the majority of the high-priority questions and this PhD 

supplements this by assessing the costs of detecting concurrent TB-DM, which was a 

medium priority question. 
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TANDEM has shown that screening people with TB for DM yields more patients with 

concurrent disease and my findings supplement these epidemiological data by providing 

some initial economic and operational evidence that can contribute to the development 

of policy guidelines for detecting TB-DM through the preferred pathway. 

The evidence related to the treatment of concurrent TB-DM is still preliminary, but initial 

findings from this research suggests that in Indonesia HRQoL is better for patients in the 

intensive arm, but patient costs are 2.5 times greater than patients in the standard care 

arm. Transportation costs account for approximately 15% of patient costs for the 

treatment of TB-DM. The costs incurred by patients prior to a diagnosis of TB or DM 

(that is the costs while seeking a diagnosis) are not fully captured in this study, but needs 

to be understood in the Indonesian setting. Hence, policy formulation around TB–DM 

must consider both patient and provider costs when planning service provision for 

patients and must explore the feasibility of alternative ways of providing services, such 

as through communities, health centres, or mobile health facilities. 

The preliminary RCT treatment findings can be useful for establishing treatment 

protocols, particularly from the patient perspective with respect to financial burden and 

the HRQoL, but should be confirmed if the intervention is shown to be clinically 

effective. 

12.5 Future research agenda 

Once the RCT has concluded, the immediate plan is to update the analysis of the HRQoL 

and patient costs data. Provider treatment cost data collection began in Indonesia in 

2016 but can only be completed when the full resource utilisation (captured in the 

electronic database - REDCap) for DM management and follow-up is available for all 

patients in the RCT in July 2018. At that time, the incremental costs of DM management 

and monitoring for TANDEM patients with TB-DM will be calculated and compared. 

Using a Markov model, the cost-effectiveness of detecting and treating concurrent TB-

DM will be assessed. Collaborative efforts have already begun to secure funding to build 
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a mathematical model to simulate the lifetime effects and costs of concurrent TB-DM 

treatment. 

TANDEM and this PhD stemmed from a need to understand how to detect and treat 

patients with TB-DM who are already accessing the health system. The long-term goal 

for this area of research is the integration of DM screening and treatment into routine 

TB services in various settings. 

There were several related analyses that could not be performed in TANDEM and leave 

unanswered questions. A POC test is the most feasible diagnostic option, particularly for 

bi-directional screening. There are as yet no simple and accurate POC assays for 

detecting active TB, but Xpert® MTB/RIF, which has been endorsed by the WHO for 

detecting drug-resistant or HIV-associated PTB, is easy to use and produces results faster 

than smear microscopy or culture (Lawn et al., 2013, WHO, 2011a). It therefore has the 

potential to be a useful TB diagnostic tool in people with DM. Although the Xpert® 

MTB/RIF assay was included in TANDEM, it was not assessed in this thesis as there were 

delays in accessing the test in Indonesia and Peru and inconsistent use across all sites. 

Future research needs to assess the feasibility, diagnostic accuracy and cost-

effectiveness of the Xpert® MTB/RIF assay for detecting TB in people with DM, possibly 

in combination with the CXR (WHO, 2013a, Harries et al., 2015).  

No validated TB-specific tools for measuring patient reported quality of life outcomes 

exists. As discussed in Chapter 1, the DR-12 and SGRQ tools have both been suggested 

as options for measuring HRQoL in people with TB. Neither tool has been fully validated 

specifically for this purpose, and this was not possible in TANDEM for people with TB 

and DM, but is a potential area for additional research. 

12.6 Lessons learnt – reflections on a multi-country PhD 

The explicit knowledge I have gained during this PhD is illustrated in the thesis. I learnt 

how to perform systematic literature reviews, conduct micro-costings, achieved an 

advanced level of data management and analysis skills in Stata, and successfully engaged 

with multi-disciplinary teams in varied cultural settings. This thesis was a wonderful 
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combination of health economics methods, analytical epidemiology and project 

management. 

My background is in mathematics and prior to this PhD, I had never worked in TB or DM. 

Having to obtain detailed knowledge about not just one, but two diseases has pushed 

the boundaries of my O’Level biology. I have immensely enjoyed learning about the two 

diseases and about the complications caused by concurrent TB-DM, but this has perhaps 

been the most unfamiliar part of the PhD. This challenge has been complicated by the 

fact that while TB-DM is acknowledged to be of public health significance, published 

research about the epidemiological, clinical and social implications of TB-DM has only 

begun to flow steadily in the last few years. Therefore, I had to rely heavily on TANDEM 

colleagues to share their respective expertise in the area. 

Upon reflection, I gained a lot of tacit knowledge. My leadership skills have been 

enhanced over the last four and a half years, and I have become increasingly confident 

in my ability to coordinate and lead on this large study with several components (socio-

economic status, costs, operational feasibility and HRQoL), in three countries. This 

required refinement of my organisation skills and ensuring document quality control, 

while allowing context specific components to be incorporated. Since Dr Griffiths and I 

were the only health economists involved in the TANDEM study, it was crucial to get 

buy-in from our colleagues, some of whom did not fully appreciate why a health 

economics component was needed in the study. I found myself becoming a bit of a 

salesperson for health economics and it took several interactions to ensure that they 

understood the objectives of my PhD and how those outcomes would add to the success 

of TANDEM.  

Once TANDEM members were on board, I needed to gain the same appreciation and 

cooperation from people outside the project that I interviewed for data, including 

clinicians for resource utilisation; department heads, accountants, procurement 

officers, financial directors, facility directors and their personal assistants for unit costs; 

HCWs for operational feasibility; and staff involved in any of the TANDEM activities for 

the patient and sample workflows. I needed to be understood, respected and trusted by 
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people who spoke different languages, came from different cultures and have different 

professional backgrounds. Reading body language and the tone of a room, a measure of 

intuition and a fair amount of emotional intelligence enabled me to do this. 

On occasions where I was referred from one individual to the next, who would surely 

have the data I needed, it was difficult not to get frustrated or overwhelmed, but I 

persevered. I was not always able to get all the data I wanted, but I obtained enough 

high quality data to provide novel findings, and I made some friends along the way.  
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Chapter 13 Conclusion 

This thesis provides novel cost, operational feasibility and HRQoL evidence to contribute 

towards resolving policy and programmatic uncertainty around identifying and 

managing people with concurrent TB-DM. 

As the prevalence of DM continues to increase in settings with a high burden of TB, bi-

directional screening should already be happening so that we can get ahead of the 

syndemic curve and temper it before the doom of DM driven increases in TB cases, as 

predicted by The Union and WDF, can take hold. 

There are lessons to be learnt from the health system structure in Indonesia where 

patients with concurrent disease are able to access health services with minimal or no 

out-of-pocket payments. However, clinic visits for TB and DM management can be 

onerous with patients in the intensive arm requiring an average of 12 visits, whereas 

those in the standard arm required seven, over the 18 months of the trial. Therefore, 

decisions about the number of visits needed to effectively manage DM during and after 

TB treatment are important and should be considered in collaboration with clinical 

requirements and programme capacity. 

While much additional research is still needed to address health system issues for 

programme integration of bi-directional screening, TB and DM treatment and follow-up 

for TB recurrence, the evidence generated during this PhD is directly relevant to policy 

makers, particularly in Indonesia and Romania, but also in settings with a similar burden 

of TB-DM.
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Appendices 

Appendix A: Full electronic search strategies 

7th January 2013 

EMBASE and Medline - using Ovid search interface 

(cost* OR finance OR economic burden).mp 

AND 

(treatment OR management OR drugs OR medication OR DOTS OR directly observed 

treatment).mp 

AND 

(tb OR tuberculosis OR MDR#tb OR XDR#TB OR multi?drug resistant tuberculosis).mp 

OR 

(cost* OR finance OR eco mic burden).mp 

AND 

(diagnos* OR screen* OR chest x-ray OR chest radiography OR sputum* OR smear OR 

test* OR skin test OR xpert OR (case adj3 (find* OR detection))).mp 

AND  

(tb OR tuberculosis OR MDR#tb OR XDR#TB OR multi?drug resistant tuberculosis).mp 

 [Limits: ‘human’ and ‘year’ = 1990-current] 

 

15th January 2013 

NHS EED (National Health Service Economic Evaluation Database) 

‘tuberculosis’  

AND  

‘cost’ 

[Any field; limits] 

 

CEA Registry (Cost-effectiveness analysis Registry) 

‘tuberculosis’  

[Full search contents] 
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LILACS (Literatura Latino Americana em Ciencias da Saude or Latin American and 

Caribbean Health Sciences Literature) – using Virtual Health Library Service 

‘tuberculosis’  

AND 

‘treatment’ 

AND 

‘cost’ 

[Words] 
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Appendix B: Quality assessment for studies with provider costs only 

First author Country Number 
of 

patients 
in study 
sample 

Ingredient 
approach 

used 

Sources 
for 

resource 
use and 

unit costs 
well 

explained  

Year of 
cost 
data 

reported 

Main cost 
categories 
reported 

Descriptive 
statistics 

presented 

HICs (n=15) 

MacIntyre 
(MacIntyre et 
al., 2001) 

Australia 269 X X X     

Floyd (Floyd et 
al., 2012) 

Estonia, 
Russia 

354 X X X X   

Marchand 
(Marchand et 
al., 1999) 

Canada 11     X     

Bocchino  
(Bocchino et al., 
2006) 

Italy 92 X   X X X 

Miller (Miller et 
al., 2013) 

Latvia 63 X X X X X 

Burns (Burns 
and Harrison, 
2007) 

New Zealand 45 X     X   

Migliori 
(Migliori et al., 
1998) 

Russia NA X X X X   

Atun (Atun et 
al., 2006) 

Russia 1,749 X     X X 

Montes-
Santiago 
(Montes-
Santiago et al., 
2010) 

Spain NA     X X   

Tu (Tu et al., 
2011a) 

Taiwan 161           

Palmer (Palmer 
et al., 1998) 

USA 178 X X X X   

Weis (Weis et 
al., 1999) 

USA 659 X X X X  

Wurtz (Wurtz 
and White, 
1999) 

USA 92 X X X X   

Eralp (Eralp et 
al., 2012) 

UK NA   X X     

White (White 
and Moore-
Gillon, 2000) 

UK 9 X X X X   

UMICs (n=11) 

Samandari 
(Samandari et 
al., 2011) 

Botswana NA X   X     
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First author Country Number 
of 

patients 
in study 
sample 

Ingredient 
approach 

used 

Sources 
for 

resource 
use and 

unit costs 
well 

explained  

Year of 
cost 
data 

reported 

Main cost 
categories 
reported 

Descriptive 
statistics 

presented 

Xu (Xu et al., 
2000) 

China NA X         

Peralta Perez 
(Peralta Perez 
et al., 2006) 

Cuba 223 X  X X  

Ruiz (Ruiz, 
2003) 

Mexico NA X X X X   

Suarez (Suarez 
et al., 2002) 

Peru 298 X X X X   

Masobe 
(Masobe et al., 
1995) 

South Africa NA X X X X   

Dick (Dick and 
Henchie, 1998) 

South Africa NA X X X X   

Schnippel 
(Schnippel et 
al., 2013b) 

South Africa 121 X X X X X 

Sinanovic 
(Sinanovic and 
Kumaranayake, 
2006) 

South Africa 1,182 X X X X  

Pooran (Pooran 
et al., 2013) 

South Africa NA X X X X   

Kamolratanakul 
(Kamolratanak
ul et al., 2002) 

Thailand 98 X X  X X   

LMICs (n=1) 

El-Sony (El-
Sony, 2006) 

Sudan 1797       X   

LICs (n=1) 

Maponga 
(Maponga, 
1996) 

Zimbabwe 300 X   X     

HICs: High-income countries, UMICs: Upper-middle income countries, LMICs: Lower-
middle income countries, LICs: Low-income countries, NA: Not applicable 
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Appendix C: Quality assessment for studies with provider and patient costs 

First author Country Number 
of 

patients 
in study 
sample 

Patient 
interviews  

Ingredient 
approach 

used* 

Sources for 
resource use 

and unit 
costs clearly 

explained  

Main cost 
categories 
reported 

Descriptive 
statistics 

presented 

Methods for 
valuing 

productivity 
loss clearly 
explained 

Sources for 
productivity 

costs 
assumptions 

justified 
HICs (n=10) 
Diel (Diel et al., 2012) Germany 3510  X X X  X X 
Diel (Diel et al., 2014) Germany 65  X X X X X X 
Migliori (Migliori et 
al., 1999) Italy 682    X  X  X    X  X 
Kik (Kik et al., 2009) Netherlands 60  X  NA  X  X  X  X  X 
Jacobs (Jacobs et al., 
2002) Russia 98  X  X  X  X   X  X 
Kang (Kang et al., 
2006) South Korea 21    X  X  X  X  X  X 
Rajbhandary 
(Rajbhandary et al., 
2004) USA 13    X  X  X  X  X  X 
Burman (Burman et 
al., 1997) USA 107    X  X  X    X   
Marks (Marks et al., 
2014) USA 135  X X  X X  
Miller (Miller et al., 
2010) USA 54        X       
UMICs (n=18) 
Cusmano (Cusmano 
et al., 2009) Argentina 30 X X  X  X  
Moalosi (Moalosi et 
al., 2003) Botswana 50  X  X  X  X   NA NA 
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First author Country Number 
of 

patients 
in study 
sample 

Patient 
interviews  

Ingredient 
approach 

used* 

Sources for 
resource use 

and unit 
costs clearly 

explained  

Main cost 
categories 
reported 

Descriptive 
statistics 

presented 

Methods for 
valuing 

productivity 
loss clearly 
explained 

Sources for 
productivity 

costs 
assumptions 

justified 
Costa (Costa et al., 
2005) Brazil 214  X  X  X  X      X 
Steffen (Steffen et al., 
2010) Brazil 218  X  X    X  X  X  X 
Prado (Prado et al., 
2011) Brazil 130  X  X   X  X    X  X 
Jackson (Jackson et 
al., 2006a) China 160  X NA  X  X  X  X  X 
Liu (Liu et al., 2007) China 889  X  NA  X     NA NA 
Pan (Pan et al., 2013) China 316 X NA  X X   
Wei (Wei et al., 2014) China 293 X NA X   NA NA 
Zou (Zou et al., 2013) China 198 X X X X  X X 
Nieto  Colombia 150  X  X  X  X  X  X  X 
Rouzier (Rouzier et 
al., 2010) Ecuador 104  X  NA  X  X    X  X 
Elamin (Elamin et al., 
2008) Malaysia 30  X  X  X  X   X  X 
Guzman-Montes 
(Guzman-Montes, 
2009) Mexico 180  X  NA  X  X   NA NA 
Fairall (Fairall et al., 
2010) South Africa 1,999  X  X  X  X    NA   NA 
Foster (Foster et al., 
2015) South Africa 175 X NA X X  X X 
Wilkinson (Wilkinson 
et al., 1997) South Africa 48  X  X  X  X   NA   NA 
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First author Country Number 
of 

patients 
in study 
sample 

Patient 
interviews  

Ingredient 
approach 

used* 

Sources for 
resource use 

and unit 
costs clearly 

explained  

Main cost 
categories 
reported 

Descriptive 
statistics 

presented 

Methods for 
valuing 

productivity 
loss clearly 
explained 

Sources for 
productivity 

costs 
assumptions 

justified 
Sawert (Sawert et al., 
1997) Thailand NA    Not clear    X   X  
LMICs (n=16) 
Vassall (Vassall et al., 
2002) Egypt, Syria 285  X  X  X      X   
Floyd (Floyd et al., 
2006) India 354  X  X  X  X  X  X   
John (John et al., 
2009b) India 100  X NA   X  X  X  X  X 
Muniyandi 
(Muniyandi et al., 
2008) India 896  X  NA  X  X  X  X  X 
Pantoja (Pantoja et 
al., 2009a) India 1,138  X    X  X    X   
Rajeswari (Rajeswari 
et al., 1999) India 304  X  NA  X      X  X 
Mahendradhata 
(Mahendradhata et 
al., 2010) Indonesia 108  X    X  X  X     
Mauch (Mauch et al., 
2011) Kenya 258  X  NA  X  X  X  X  X 
Nganda (Nganda et 
al., 2003) Kenya 87  X  X  X  X  X  X  X 
Umar (Umar et al., 
2012) Nigeria 255  X  NA  X  X  X NA NA 
Khan (Khan et al., 
2002) Pakistan 337  X    X  X       
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First author Country Number 
of 

patients 
in study 
sample 

Patient 
interviews  

Ingredient 
approach 

used* 

Sources for 
resource use 

and unit 
costs clearly 

explained  

Main cost 
categories 
reported 

Descriptive 
statistics 

presented 

Methods for 
valuing 

productivity 
loss clearly 
explained 

Sources for 
productivity 

costs 
assumptions 

justified 
Peabody (Peabody et 
al., 2005a) Philippines NA   NA NA      X  X 
Tupasi (Tupasi et al., 
2006) Philippines 117  X  X  X  X   NA NA 
Vassall (Vassall et al., 
2009) Ukraine 285  X  X  X  X       
Aspler (Aspler et al., 
2008) Zambia 103  X  NA  X  X  X  X  X 

Mauch (Mauch et al., 
2013) 

Dom. 
Republic§, 
Ghana, 
Vietnam 543  X  NA  X  X    X  X 

LICs (n=18) 
Gospodarevskaya 
(Gospodarevskaya et 
al., 2014) 

Bangladesh, 
Tanzania 190 X NA X X  X X 

Islam (Islam et al., 
2002) Bangladesh 38  X  X  X  X    X   
Laokri (Laokri et al., 
2014) Benin 245 X NA X X X NA NA 
Laokri (Laokri et al., 
2013) Burkina Faso 242  X  NA  X  X  X NA NA 
Pichenda (Pichenda 
et al., 2012) Cambodia 277  X             
Datiko (Datiko and 
Lindtjorn, 2010) Ethiopia 229  X  X  X    X  X  X 
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First author Country Number 
of 

patients 
in study 
sample 

Patient 
interviews  

Ingredient 
approach 

used* 

Sources for 
resource use 

and unit 
costs clearly 

explained  

Main cost 
categories 
reported 

Descriptive 
statistics 

presented 

Methods for 
valuing 

productivity 
loss clearly 
explained 

Sources for 
productivity 

costs 
assumptions 

justified 
Vassall (Vassall et al., 
2010) Ethiopia 184  X NA   X  X  X     
Yitayal (Yitayal et al., 
2014)  Ethiopia 279 X NA  X X X X 
Jacquet (Jacquet et al., 
2006) Haiti 84  X      X    X   
Floyd (Floyd et al., 
2003) Malawi 181  X  X  X  X    X  X 
Karki (Karki et al., 
2007) Nepal 50  X  X  X  X       
Mirzoev (Mirzoev et 
al., 2008a) Nepal 50  X  X  X  X    X   
Gibson (Gibson et al., 
1998a) Sierra Leone 72  X  NA  X  X   NA NA 
Aye (Aye et al., 2010) Tajikistan 204  X  NA  X  X  X  X  X 
Wandwalo 
(Wandwalo et al., 
2005) Tanzania 145  X  X  X  X    X  X 
Wyss (Wyss et al., 
2001) Tanzania 191  X      X      X 
Okello (Okello et al., 
2003) Uganda 94  X  X  X  X    X  X 
Saunderson 
(Saunderson, 1995) Uganda 34  X  X  X  X       

*Ingredient approach can only be used for provider costs and is non-applicable for studies that only included patient costs 
§Dominican Republic is an upper middle-income country 
HICs: High-income countries, UMICs: Upper-middle income countries, LMICs: Lower-middle income countries, LICs: Low-income countries, NA: Non-applicable



Appendices 
 

 

 

3
9

1 

Appendix D: Provider mean DS-TB treatment costs per patient (2014 US$) 

First author Country Intervention chosen Hospitalisation Outpatient Drugs 

Diagnostic 
and 

monitoring 
tests 

Other  Total  

HIC (n=19) 
MacIntyre (MacIntyre 
et al., 2001) 

Australia In-patient --- --- --- --- --- 7,516 

Marchand (Marchand 
et al., 1999) 

Canada DOTS with 33 days in hospital --- --- --- --- --- 10,091 

Diel (Diel et al., 2012) Germany Hospital and outpatient 11,824 2,584 --- --- --- 14,408 

Bocchino (Bocchino 
et al., 2006) 

Italy 
Integrated in- and outpatient 
management 

19,261 --- 4,055 2,027 NI 25,343 

Migliori (Migliori et 
al., 1999) 

Italy DOT --- --- --- --- --- 25,086 

Miller (Miller et al., 
2013) 

Latvia DOTS 12,467 2,606 110 --- NI 15,182 

Burns (Burns and 
Harrison, 2007) 

New Zealand 
DOT in non-resident 
population 

8,359 489 320 2,000 2,977 14,144 

Atun (Atun et al., 
2006) 

Russia 
Russian Federation TB 
Control 

2,512 1044 --- 277 NI 3,833 

Jacobs (Jacobs et al., 
2002) 

Russia 
Individualised DOTS 
treatment 

--- --- --- --- --- 1,107 

Migliori [31]  Russia 
New treatment strategies for 
all patients 

--- --- --- --- --- 3,898 

Montes-Santiago 
(Montes-Santiago et 
al., 2010) 

Spain Hospitalisation only 9,252 NI NI NI NI 9,252 

Tu (Tu et al., 2011b) Taiwan 
DOT – 56% inpatient; 44% 
outpatient 

--- --- --- --- --- 1,023 

file:///C:/Users/lsh129297/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/9A5035E4.xlsx%23RANGE!_ENREF_16
file:///C:/Users/lsh129297/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/9A5035E4.xlsx%23RANGE!_ENREF_12
file:///C:/Users/lsh129297/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/9A5035E4.xlsx%23RANGE!_ENREF_19
file:///C:/Users/lsh129297/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/9A5035E4.xlsx%23RANGE!_ENREF_11
file:///C:/Users/lsh129297/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/9A5035E4.xlsx%23RANGE!_ENREF_54
file:///C:/Users/lsh129297/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/9A5035E4.xlsx%23RANGE!_ENREF_20
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file:///C:/Users/lsh129297/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/9A5035E4.xlsx%23RANGE!_ENREF_34
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First author Country Intervention chosen Hospitalisation Outpatient Drugs 

Diagnostic 
and 

monitoring 
tests 

Other  Total  

Eralp (Eralp et al., 
2012) 

UK DOTS --- --- 2,901 157 2,096 5,154 

White [15]  UK TB treatment costs --- --- --- --- --- 12,848 

Burman (Burman et 
al., 1997) 

USA DOT --- 632 311 635 366 1,945 

Miller (Miller et al., 
2010) 

USA 
Total TB costs in a county in 
Texas 

12,514 --- --- 124 10,497 23,134 

Palmer (Palmer et al., 
1998) 

USA Universal DOT --- --- --- --- --- 29,638 

Weis (Weis et al., 
1999) 

USA DOT – public hospital 14,073 NI 654 1,505 1,129 17,361 

Wurtz (Wurtz and 
White, 1999) 

USA 
Traditional therapy – public 
hospital 

--- --- --- --- --- 57,559 

Average costs 11,283 (8) 1,471 (5) 1,392 (6) 961 (7) 3,413 (5) 14,659 (19) 
  

UMIC (n=19) 
Cusmano (Cusmano 
et al., 2009) 

Argentina DOTS NI 15 9 25 NI 49 

Moalosi (Moalosi et 
al., 2003) 

Botswana Home-based DOT 813 658 29 --- 284 1,784 

Samandari 
(Samandari et al., 
2011) 

Botswana DOT NI 360 12 NI NI 372 

Costa (Costa et al., 
2005) 

Brazil Treatment in state of Salvador --- --- --- --- --- 181 

Prado (Prado et al., 
2011) 

Brazil Health worker supervision NI 118 47 19 258 442 
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First author Country Intervention chosen Hospitalisation Outpatient Drugs 

Diagnostic 
and 

monitoring 
tests 

Other  Total  

Steffen (Steffen et al., 
2010) 

Brazil DOTS NI NI NI NI NI 677 

Xu (Xu et al., 2000) China DOTS NI NI 71 54 NI 125 

Zou (Zou et al., 2013) China 
DOTS - incentives vs. no 
incentives 

--- --- --- --- 1,233 1,233 

Nieto (Nieto et al., 
2012b) 

Columbia 
DOTS increased guardian 
supervision 

--- --- --- --- --- 321 

Peralta Perez (Peralta 
Perez et al., 2006) 

Cuba DOTS --- --- 208 289 --- 498 

Elamin (Elamin et al., 
2008) 

Malaysia 
DOT at chest clinic in Penang 
state 

6 28 86 80 65 266 

Ruiz (Vargas Ruiz et 
al., 2003) 

Mexico National costs --- --- --- --- --- 4,971 

Dick (Dick and 
Henchie, 1998) 

South Africa DOT community --- 318 47 96 777 1,239 

Fairall (Fairall et al., 
2010) 

South Africa DOT only 12 17 3 3 NI 34 

Masobe (Masobe et 
al., 1995) 

South Africa Isoniazid prophylactic therapy 455 23 11 27 359 875 

Sinanovic (Sinanovic 
and Kumaranayake, 
2006) 

South Africa DOT with nurses NI 493 592 65 NI 1,150 

Wilkinson (Wilkinson 
et al., 1997) 

South Africa DOT community 614 148 46 --- 7 815 

Kamolratanakul 
(Kamolratanakul et 
al., 2002) 

Thailand New smear + --- --- 202 81 164 448 
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First author Country Intervention chosen Hospitalisation Outpatient Drugs 

Diagnostic 
and 

monitoring 
tests 

Other  Total  

Sawert (Sawert et al., 
1997) 

Thailand DOTS --- --- 130 22 329 481 

Average costs 380 (5) 218 (10) 107 (14) 69 (11) 386 (9) 840 (19) 

  
LMIC (n=10) 
Vassall (Vassall et al., 
2002) 

Egypt DOTS --- 187 --- 37 --- 223 

Floyd (Floyd et al., 
2006) 

India 
Public-private mix DOTS 
(Delhi) 

 ---  --- 16 3 38 58 

Pantoja (Pantoja et al., 
2009a) 

India Public-private mix DOTS 1 6 13 35 44 99 

Mahendradhata 
(Mahendradhata et 
al., 2010) 

Indonesia 
Private practitioner DOTS 
referral 

--- --- --- --- --- 526 

Nganda (Nganda et 
al., 2003) 

Kenya DOT decentralised 68 114 61 7 13 262 

Khan (Khan et al., 
2002) 

Pakistan Community health workers  NI  11 43 93 16 163 

Peabody (Peabody et 
al., 2005b) 

Philippines DOTS  ---   ---   ---   ---   ---  155 

El-Sony (El-Sony, 
2006) 

Sudan DOTS health facility HIV- 392 --- 48 135 16 591 

Vassall (Vassall et al., 
2002) 

Syria DOTS primary health care --- 56 --- 20 --- 76 

Vassall (Vassall et al., 
2009) 

Ukraine 
DOTS implementation in 
Mariupol and Kyiv (2003) 

400 77 52 50 NI 579 

Average costs 215 (4) 75 (6) 39 (6) 48 (8) 25 (5) 273 (10) 
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First author Country Intervention chosen Hospitalisation Outpatient Drugs 

Diagnostic 
and 

monitoring 
tests 

Other  Total  

LIC (n=11) 
Islam (Islam et al., 
2002) 

Bangladesh 
Current programme with no 
CHW 

--- --- 22 3 66 91 

Pichenda (Pichenda et 
al., 2012) 

Cambodia Non-hospital DOT --- --- --- --- --- 108 

Datiko (Datiko and 
Lindtjorn, 2010) 

Ethiopia DOTS community --- 9 33 --- 33 74 

Jacquet (Jacquet et al., 
2006) 

Haiti DOTS expansion --- --- --- --- --- 1,311 

Floyd (Floyd et al., 
2003) 

Malawi DOT decentralised 75 13 25 2 9 124 

Karki (Karki et al., 
2007) 

Nepal 
DOTS Public-private 
partnership 

--- --- --- --- 107 107 

Mirzoev (Mirzoev et 
al., 2008b) 

Nepal DOTS community --- --- 22 --- 63 85 

Wandwalo 
(Wandwalo et al., 
2005) 

Tanzania DOT community --- 22 25 --- 64 111 

Okello (Okello et al., 
2003) 

Uganda DOTS community 181 94 57 --- 29 360 

Saunderson 
(Saunderson, 1995) 

Uganda DOT ambulatory care NI 170 166 52 28 416 

Maponga (Maponga, 
1996) 

Zimbabwe Costs of TB/HIV co-epidemic NI NI 45 NI NI 45 

Average costs 128 (2) 61 (5) 49 (8) 19 (3) 50 (8) 258 (11) 

 
Total average costs 4,909 396 308 273 780 6,667 
Proportion 73.6% 5.9% 4.6% 4.1% 11.7% 99.9% 
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---: Cost not itemized 
NI: Cost not included 
HIC: High-income countries, UMIC: Upper-middle income countries, LMIC: Lower-middle income countries, LIC: Low-income countries, TB: Tuberculosis, DOT: Directly 
Observed Treatment, DOTS: Directly Observed Treatment, short-course, CHW: Community health worker, HIV: human immunodeficiency virus, UK: United Kingdom, 
USA: United States of America
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Appendix E: Provider mean MDR-TB treatment costs per patient (2014 US$) 

First author Country Hospitalisation Outpatient Drugs 

Diagnostic 
and 

monitorin
g tests 

Other  Total  

HIC (n=10) 

Floyd [28]  Estonia 8,007 1,589 3,956 560 1,888 16,000 

Diel (Diel et al., 
2012)  

Germany 32,435 83,175 --- --- --- 115,610 

Diel (Diel et al., 
2014) 

Germany 28,757 --- 50,451 2,055 --- 81,262 

Miller [54]  Latvia 40,473 2,706 3,474 --- --- 46,653 

Floyd [28]  Russia 6,493 434 6,404 1,424 2,618 17,373 

Kang [21]  South Korea 3,521 --- 1,652 1,663 --- 6,836 

White [15]  UK 99,954 2,937 22,980 424 1,016 127,311 

Burman [9]  USA 181,909 9,575 12,313 1,080 --- 204,876 

Marks  (Marks et 
al., 2014) 

USA 87,619 --- 57,870 --- --- 145,488 

Rajbhandary 
[20]  

USA 41,612 30,627 --- --- --- 72,239 

Average 53,078 (10) 18,720 (7) 19,887 (8) 1,201 (6) 1,841 (3) 83,365 (10) 
 

UMIC (n=7) 

Samandari [49]  Botswana NI NI 3,244 NI 1,735 4,979 

Costa [38]  Brazil NI --- --- --- --- 4,828 

Xu [32]  China NI NI 1,758 82 NI 1,840 

Suarez [33]  Peru NI 839 1,364 171 1,568 3,942 

Pooran [53]  South Africa 80 712 2,390 1,013 72 4,267 

Schnippel [52]  South Africa 12,033 --- 280 174 179 12,666 

Kamolratanakul 
[35]  

Thailand NI 315 3,277 310 562 4,464 

Average 6,056 (2) 622 (3) 2,052 (6) 350 (5) 823 (5) 5,284 (7) 
 

LMIC (n=1) 

Tupasi [59]  Philippines 201 218 2930 397 2567 6,313 
 

LIC (n=1)               

Pichenda [86]  Cambodia --- --- --- --- --- 1,218 

  

Total average costs 41,776 12,102 11,623 779 1,356 67,637 

Proportion 61.8% 17.9% 17.2% 1.2% 2.0% 100.1% 

---: Cost not itemized 
NI: Cost not included 
HIC: High-income countries, UMIC: Upper-middle income countries, LMIC: Lower-middle income countries, 
LIC: Low-income countries, UK: United Kingdom, USA: United States of America
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Appendix F: Mean DS-TB treatment costs reported by patients (2014 US$) 

First author Country User fees Drugs Transport Other*  
Total  
(no 

productivity) 

Productivity 
loss 

HIC (n=6) 

Diel (Diel et al., 2012) Germany NI NI NI NI NI 3,003 

Migliori (Migliori et al., 
1999) 

Italy NI NI NI NI 
NI 

6,246 

Kik [21]  Netherlands 107 --- --- 379 486 3,576 

Jacobs [34]  Russia NI NI 260 NI 260 450 

Burman [9]  USA NI NI NI NI NI 1,469 

Miller [22]  USA NI NI NI NI NI 2,062 

Average 107 (1) --- 260 (1) 379 (1) 373 (2) 2,801 (6) 

  

UMIC (n=19) 

Cusmano (Cusmano et 
al., 2009) 

Argentina NI NI 7  NI 7  46  

Moalosi [36]  Botswana 120  16  --- 771 889  --- 

Costa [38]  Brazil 12  --- 50  74  136  332  

Prado [48]  Brazil --- --- 10  10  20  11  

Steffen [47]  Brazil 5  108  10  42  165  148  

Jackson [41]  China 55  118  21  421  614  1,018  

Liu [42]  China --- --- --- --- 472  NI 

Pan (Pan et al., 2013) China 1,421  --- 342  1,762  3,525  3,048  

Wei (Wei et al., 2014) China --- --- --- --- 238  NI 

Zou (Zou et al., 2013) China --- --- 42  1,512  1,554  310  

Nieto [50]  Colombia --- --- --- --- 344  NI 
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First author Country User fees Drugs Transport Other*  
Total  
(no 

productivity) 

Productivity 
loss 

Mauch (Mauch et al., 
2013) 

Dominican 
Republic 

45  5  2  129  180  1,085  

Rouzier [46]  Ecuador 4  --- 62  168  234  481  

Elamin [43]  Malaysia --- --- 725  128  853  167  

Guzman-Montes [44]  Mexico 344  --- 272  827  1,443  --- 

Fairall [45]  South Africa 3  --- 2  NI 5  NI 

Foster (Foster et al., 
2015) 

South Africa --- --- 14  44  58  106  

Wilkinson [28]  South Africa --- NI --- NI 116  --- 

Sawert [29]  Thailand NI NI NI NI NI 444  

Average 221 (9)  62  (4) 120  (13) 491  (12) 603  (18) 600  (12) 

  

LMIC (n=17) 

Vassall [57]  Egypt --- --- --- 4 4 26 

Mauch (Mauch et al., 
2013) 

Ghana 24 19 3 57 
103 

278 

Floyd [60]  India 70 17 NI NI 87 --- 

John [65]  India --- --- --- --- 42 636 

Muniyandi [63]  India --- --- --- --- 32 52 

Pantoja (Pantoja et al., 
2009a) 

India 31 --- --- --- 
31 

NI 

Rajeswari [55]  India --- --- --- --- 95 181 

Mahendradhata [67]  Indonesia 20 13 14 3 50 12 

Mauch (Mauch et al., 
2011) 

Kenya --- --- --- 70 
70 

368 

Nganda [75]  Kenya 133 20 --- 41 194   
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First author Country User fees Drugs Transport Other*  
Total  
(no 

productivity) 

Productivity 
loss 

Umar [68]  Nigeria 38 63 13   114   

Khan [56]  Pakistan 9 15 --- 4 28 30 

Peabody [58]  Philippines --- --- --- --- 123   

Vassall [57]  Syria --- --- --- 7 7 10 

Vassall [66]  Ukraine 35 --- --- 33 68   

Mauch (Mauch et al., 
2013) 

Vietnam 131 1 7 234 
373 

996 

Aspler [62]  Zambia --- --- --- 12 12 27 

Average 55 (9) 21 (7) 9 (4) 47 (10) 84 (17) 238 (11) 

  

LIC (n=19) 

Gospodarevskaya 
(Gospodarevskaya et 
al., 2014) 

Bangladesh 9 NI 14 173 196 63 

Islam (Islam et al., 
2002) 

Bangladesh 4 NI 15 NI 19 11 

Laokri (Laokri et al., 
2014) 

Benin 7 29 4 78 118   

Laokri [87]  

Burkina 
Faso 

--- --- --- --- 104   

Pichenda [86]  Cambodia 58 --- 31 68 157 393 

Datiko [82]  Ethiopia --- --- --- 7 7 9 

Vassall [83]  Ethiopia --- --- 122 158 280 148 

Yitayal (Yitayal et al., 
2014) 

Ethiopia 26 4 49 142 
220 

200 

Jacquet (Jacquet et al., 
2006) 

Haiti 299 --- --- 351 
650 

364 
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First author Country User fees Drugs Transport Other*  
Total  
(no 

productivity) 

Productivity 
loss 

Floyd [74]  Malawi 31 9 --- 72 112   

Karki [79]  Nepal 46 --- 10 19 76 245 

Mirzoev [80]  Nepal --- --- --- --- 25 25 

Gibson (Gibson et al., 
1998b) 

Sierra 
Leone 

8 --- --- 32 
40 

  

Aye [81]  Tajikistan 55 126 118 168 467 775 

Gospodarevskaya 
(Gospodarevskaya et 
al., 2014) 

Tanzania 5 NI 57 150 212 139 

Wandwalo [77]  Tanzania --- --- --- 10 10 18 

Wyss [72]  Tanzania 64 --- 32 1 97 825 

Okello [76]  Uganda 24 21 --- 54 98   

Saunderson [69]  Uganda --- --- --- 58 58 252 

Average 49 (13) 38 (5) 45 (10) 96 (16) 155 (19) 248 (14) 

  

Total average costs 101 36 82 212 432 700 

Proportion 23.3% 8.5% 19.1% 49.1% 100.0%   
*Other patient costs typically include, but are not limited to, non-TB drugs, food, drink, vitamins, traditional medicines, accommodation 
---: Cost not itemized 
NI: Cost not included 
HIC: High-income countries, UMIC: Upper-middle income countries, LMIC: Lower-middle income countries, LIC: Low-income countries, USA: United States of America
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Appendix G: Mean MDR-TB treatment costs reported by patients (2014 US$) 

First author Country 
User 
fees 

Drugs Transport Other*  
Total  
(no 

productivity) 

Productivity 
loss 

HI (n=5) 

Diel (Diel et al., 
2014) 

Germany NI NI NI NI NI 22,352 

Kang [21]  South Korea NI NI 21 NI 21 9,959 

Burman [9]  USA NI NI NI NI NI 25,677 

Marks (Marks et 
al., 2014) 

USA NI NI NI NI NI 136,802 

Rajbhandary [20]  USA NI NI NI NI NI 51,230 

Average NI NI 21 (1) NI 21 (1) 49,204 (5) 
 

UMIC (n=2) 

Costa [38]  Brazil 20 --- 90 271 381 295 

Rouzier [46]  Ecuador 4 --- 266 669 938 6,770 

Average 12 (2) --- 178 (2) 470 (2) 660 (2) 3,532 (2) 
 

LMIC (n=1) 

Tupasi [59]  Philippines 909 --- --- 707 1,616 0 
 

LIC (n=1) 

Pichenda [86]  Cambodia 103 --- 18 285 406 1,256 

  

Total average costs 259 0 99 483 841 28,260 

Proportion 30.8% 0.0% 11.7% 57.4% 99.9%   
*Other patient costs include, but are not limited to, non-TB drugs, food, drink, accommodation, repairs to the home 
---: Cost not itemized 
NI: Cost not included 
HIC: High-income countries, UMIC: Upper-middle income countries, LMIC: Lower-middle income countries, LIC: Low-
income countries, USA: United States of America
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Appendix H: Full electronic search strategies for TB diagnostic costs 

Tuesday 18th August, 2015:  

Embase and Medline database - using Ovid search interface 

1. (cost* or finance or economic* or expenditure*).af. 

2. With limits (human and yr=”1990-Current”) 

3. (tb or tuberculosis or drug#resistant#tb or xdr#tb or multi?drug resistant tuberculosis or 

mycobacterium tuberculosis).af. 

4. With limits (human and yr=”1990-Current”) 

5. (diagnos* or screen* or chest x-ray or chest radiography or sputum* or smear or culture or test* or 

skin test or Xpert or (case adj3 (find* or detection))).af. 

6. With limits (human and yr=”1990-Current”) 

7. 4 AND 6 

8. 7 AND 2 

 

Tuesday August 18th, 2015:  

Centre for Reviews and Dissemination (CRD) database (DARE, NHS EED and HTA)  

‘tuberculosis’  

AND  

‘diagnosis’  

AND  

‘cost’ 

In any field and publication year from ‘1990’ to ‘2015’ 

 

Tuesday August 18th, 2015:  

CEA Registry  

‘tuberculosis’ 

(Full Search Contents)  

 

Friday August 21st, 2015:  

EconLit database - using Ovid search interface 

1. (cost* or financ* or economic* or expenditure*).af.  [Results: 844,248] 

2. With limits (yr=”1990-Current”) [Results: 714,320] 
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3. (tb or tuberculosis or drug#resistant#tb or xdr#tb or multi?drug resistant tuberculosis or 

mycobacterium tuberculosis).af.  [Results: 201] 

4. With limits (human and yr=”1990-Current”) [Results: 194] 

5. (diagnos* or screen* or chest x-ray or chest radiography or sputum* or smear or culture or test* or 

skin test or Xpert or (case adj3 (find* or detection))).af.  [Results: 102,934] 

6. With limits (human and yr=”2000-Current”) [Results: 97,193] 

7. 4 AND 6  [Results: 33] 

8. 7 AND 2  [Results: 27] 

 

Friday August 21st, 2015: 

LILACS (Latin American and Caribbean Health Sciences Literature) - using the Virtual Health Library 

Search  

‘tuberculosis’  

AND  

‘diagnosis’  

AND  

‘cost’  

(Full Search Contents) 

 

Wednesday 2nd September, 2015:  

PubMed database 

(("mycobaterium tuberculosis" OR "tb" OR "tuberculosis") AND ("cost" OR "finance" OR "economic 
evaluation" OR "expenditure") AND ("diagnosis" OR "screening" OR "chest x ray" OR "chest radiography" 
OR "sputum smear" OR "sputum culture" OR "skin test" OR "xpert" OR "detection")) 
 

With limits (Humans, Full text and Text availability=”01/01/1990-04/09/2015”) 
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Appendix I: TANDEM Ethics Approvals - LSHTM 
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Appendix J: TANDEM Ethics Approvals – UNPAD, Indonesia 
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Appendix K: TANDEM Ethics Approvals - UPCH, Peru 
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Appendix L: TANDEM Ethics Approvals - UMFCV, Romania 
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Appendix M: TANDEM case report form 

Date:   _____/_____/______                                                                         BASELINE (DAY 0) CRF 

Date of Birth:  __________  (MM/DD/YYYY)  

Gender:    Male          Female                    

 

A. Smoking  

A1. Do you currently smoke tobacco? 

Daily 

Less than daily 

Not at all 

 

A2. Did you smoke tobacco daily in the 

past? 

Yes 

No 

 

 

A3. In the past, did you smoke tobacco 

daily, less than daily or not at all? (If 

respondent smoked “daily” and “less than 

daily”, response is “daily” 

Daily 

Less than daily 

Not at all 

 

 

 

A4. How long has it been since you last 

smoked daily? 

___Years or 

___Months 
 

A5. Why did you stop smoking daily? 

Advised by doctor  

pressure from friends /family 

health reasons (I was feeling unwell)  

health reasons (to remain healthy)  

economic reasons (cost of smoking 

cigarettes) 

other (please state) 

[can tick more than one box] 

 

A6. How old were you when you first 

started smoking tobacco? 
____Years old  

A7. Before you became sick, on average, 

how many cigarettes (or equivalent) did 

you smoke on the days that you currently 

smoke? 

___per day 

□ check if >0 but <1/ day 
 

A8. Before you became sick, approximately 

how many times in a typical week have you 

been exposed to the tobacco smoke of 

others at home, work or in public places 

(where exposure is for a minimum of five 

consecutive minutes each time)? 

Not at all 

A few times a day on some days 

Many times a day on some days 

A few times a day on many days 

Many times a day on many days 
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D. Corticosteroids 

 

D6 
Are you currently talking any corticosteroid 

medication? (e.g. hydrocortisone dexamethosone, 

Yes 1 

No 2 

  

C. Alcohol Use    

C1. Have you consumed an alcoholic drink within the past 12 months? 
Yes  □ 

No  □ 

C2. During the past 12 months, how frequently have you had at least one 

alcoholic drink?   

 

(READ RESPONSES, USE SHOWCARD)  

 

Daily  □ 

5-6 days per week  □ 

1-4 days per week  □ 

1-3 days per month  □ 

Less than once a 

month  □ 

C4. Before you became sick, in a typical month, on how many occasions did you 

have at least one alcoholic drink? 

___ ___ 

Don't know 77 

C5.  Before you became sick, in a typical month when you drank alcohol, on 

average, how many standard alcoholic drinks did you have during one 

drinking occasion? 

(USE SHOWCARD) 

___ ___ 

Don't know 77 

C6.  Before you became sick, in a typical month, what was the largest number of 

standard alcoholic drinks you had on a single occasion, counting all types of 

alcoholic drinks together? 

___ ____ 

Don't Know 77 

C7. Have you changed (increased or reduced) your intake of alcohol [over what 

time period, past 12 months maybe]? 

 

 

C8. If reduced or stopped drinking, why have you reduced or stopped drinking? 

 

No change 

Increase 

Reduced 

Stopped 

 

Health reasons 

(feeling unwell, 

Health reasons 

(wanted to stay well) 

Family pressure  

Economic reasons 

(cost of buying 

alcohol) 

Advice from a doctor 

Other (please state) 
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prednisolone, Prednisone, local brand names?) 

 

D7 If yes,  

Oral 

 Inhaled 

Topical 

D8 
If yes, for how long have you been taking this 

medication (months, weeks?) 

_______weeks 
 

______months 

E. Socio economic information 

E1. What is the highest level of education you have 

completed? 

 

 

 

 

No formal schooling  □ 
Less than primary  school  □ 

Primary school completed  □ 

Secondary school completed  □ 

High school completed  □ 

College/University completed  □ 

Post graduate degree  □ 

Refused  □ 

E2. What is your [insert relevant ethnic group / racial group 

/ cultural subgroup / others] background? 

[Locally defined] 

[Locally defined] 
[Locally defined] 

Other (specify)___________________ 
Refused 

E3. Are you married? 

Yes  □ 

No   □ 

Refuse to answer  □ 

E4. What religion do you follow? Christian □ 

Muslim □ 

Hindu □ 

African Traditional □ 

No religion □ 

Other (specify)___________________ 

Refused  □ 

E5. How many people, including yourself, live in your 

household? 

Number of people  __ 

E6. With whom to you live?  

Alone □ 
Children □ 

Other family □ 
Friends □ 

 Partner□ 

Refused  □ 

Government employee  □ 
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E7. Which of the following best describes your main work 

status over the past 12 months? 

 

 

 

 

 

Non-government employee  □ 
Self-employed  □ 

Non-paid  □ 
Student  □ 

Homemaker  □ 
Retired  □ 

Unemployed (able to work)  □ 
Unemployed (unable to work)  □ 

Refused  □ 

E8. If employed, what is your current occupation?  

E9. Do you have a bank account? (savings, checking, 

current, etc.) 

 

□No 

□Yes 

□Refused 

 

E10. Where you live, do you  

 

□Rent a room in a house 
□Rent a house/self-contained flat 
□Own 
□Live with family 
□Not have a usual place to live 
□Live in a shelter (homeless) 
□Other (Specify)______________________ 

 

E11. What is your main source of water for drinking and 
cooking? 

 

□Private connection to pipeline 
□Private well 
□Public taps/standpipe 
□Public well 
□Neighbours 
□Water vendor 
□Spring 
□River, stream, lake, pond 
□Rainwater 
□Bottled water 
□Other (Specify)______________________ 

E12. What toilet facility do you have in your house? 

 

□Flush toilet 
□Traditional latrine 
□Ventilated improved pit latrine 
□Bowl/bucket 
□Other (Specify)______________________ 
□No toilet 
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E13. Do you own any of the 
following items? (check all that 
apply) 

□Stove 
□Refrigerator 
□Microwave 
□Washing machine 
□Air conditioning 
□Fan 
□Computer 

□Television 

□DVD player 

□Radio/CD player 

□Camera 

□Mobile phone 

□Bicycle 

□Motorcycle/scooter 

□Car or truck 

E14. Using the scale on the right, how well off do you think your 
household is in relation to other households in your 
neighbourhood/street? 
 
 
E15. Using the scale on the right, how well off do you think your 
household is in relation to other households in your 
town/city/etc.? 

 

 

 

1
0 
9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

High 
income 

Low 
income 
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Costs of travel to health facility today: 

 

1.  

 

How long did it take to get here 

from your home (include the 

journey time and any waiting for 

transport) 

 

                

              Minutes    |__|__| 

              Hours        |__|__| 

Unknown |__|__|__|  

 

 

2.  What kind of transport did you 

use to reach this health facility? 

   Walking (go to Q11) 

 Public transport (go to Q9) 

 Taxi (go to Q9) 

 Self-driven car (go to Q10) 

 

3 If you paid for transportation to 

reach the facility, how much did 

you pay? 

        IDR/PEN/RON ___________ 

        

 

 

 

4. If you used a private car to get 

here, please estimate the 

distance travelled, one way. (if 

unable to estimate indicate 

residence) 

        Kilometres      |__|__| 

       Residence       ____________ 

 

 

 

Costs incurred at the health facility today:  

5. Did you pay for the care you received today?  
 

 No 

 Yes 

 Not sure 

 

6. 

 

If yes, how much did you pay for the care given? 

 

   

 User fees – 

medical 

professional 

User fees 

– health 

facility 

Drugs Tests Physical 

rehabilitation 

services 

Other 

payments 

(specify) 

Payment made: 

0 - no payment 

999 - don’t know 

888 – NA 

      

Outstanding 

payments: 
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7. Where did the money come from to 

pay these expenses? (multiple 

responses allowed) 

  Cutting down on other expenses 

 Using savings  

 Borrowing  

 Selling assets 

 Asking for donations 

 Other, specify ____________________ 

 

8. Will you receive insurance 

reimbursement for any of the 

payments you made today? 

 
 

 No 

 Yes 

 Not sure 

 

9. If yes, how much do you expect to be 

reimbursed? 

        IDR/PEN/RON ___________ 

 Not sure 

 

10. How much time did you spend at the 

health facility today? 

 
 

        ________hours _________minutes 

11. If you weren’t here today, what would 

you be doing? (Multiple responses 

allowed) 

 
 

 Unpaid work at home 

 Paid work 

 Other (specify) _________________ 

 

12 Did you have to make alternative 

arrangements for childcare or caring 

for other dependants in order to come 

here today? 

  No (End of questionnaire) 

 Yes (Go to Q19) 

 Refuse to answer 

 

13. Who is taking care of your 

dependants/child(ren) while you are 

here? 

  Other family member or friend  

 Paid childcare  

 Refuse to answer 

 

14. How much did you pay for that care 

today? 

 IDR/PEN/RON ___________ 

 

  

Insurance coverage:  

Opportunity costs:  
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F Contraceptives  

F.1 Current contraceptive use 

   None          Yes          Not Asked     

  F2.   If yes, specify: 

      Pill       

      3 month inject     

      2 month inject     

      1 month inject           IUD      

      Implant 

      None of these     

    F3. If using pill or injection, do you know the name of your contraceptive?    No     Yes 

              If yes, provide name:  _________________________ 

   F4.  How long have you used this contraceptive?   Days___ or Weeks____ or Months _____ or 
Years_______ 

G TB Symptoms    
G1. Coughing:  □ Yes   □  No 

  G2. Duration:   ≤2 weeks               2-4 weeks      > 4 weeks          Don’t know                                                                                                                 

G3. Sputum production:  

Do you produce sputum (cough up 
phlegm)?: 

        Yes 

        No 

G4. If yes (produces sputum) do 
you cough up blood? 

       
        No 

        Specks only 

        Clear blood 

 

G5. Breathlessness 
upon exertion? 
 
        Yes 

        No 

        No answer 

G6. Night sweats (need to change pyjamas or linen): 

  No          Yes  

G7. Unintentional Weight Loss/Gain in last 3 months:   

    Loss (10kg +)    □ Loss (5-10 kg)   □ Loss (<5kg)  No change   □  Gain (<5kg)  Gain(>5 kg)  

OR When did you begin to feel ill? ________ months/ weeks/ days 

If weight change, how much by? ____kg (- for weight loss, + for weight gain) 



Appendices 
 

423 

 

G8. Chest pain: 

□No      Yes                                   

G9. In the past, have you ever been diagnosed with TB? □Yes □No □Don’t know 

(If G9- yes) When were you diagnosed with TB? _____________Month [is this last occasion if more 
than one previous diagnosis?] 

                                                                               ____________Year 

For how many months did you receive treatment/ take medication for TB? 

□<2 months              □ 2-4 months             □ 4-6 months           □ >6 months 

Did your physician tell you that you had completed the regimen?  □Yes   □ No    □Don’t know 

 

G10. [Fieldworker] Have you already begun treatment for this instance of TB? □Yes   □No  
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H. DM risk related questions 
 

H1. Frequent thirst □Yes □No 

H2. Pain during walking with need to slow down □Yes □No 

H3. Shortness of breath when walking with people of same age □Yes □No 

H4. Exercises in leisure time (before becoming sick) □Yes □No 

H5. Physically demanding job/ occupation? (before becoming sick) □Yes □No 

H6. Before you became sick, were you physically active for 30 minutes a day, 

including physical activity during work, leisure or regular routine? This 

includes activities such as walking to market, carrying shopping.  

□Yes □No 

H7. Number of parents with diabetes □0 □1 □2 
□Don’t 

know 

H7a Number of children □0 □1 □2 □3+ Don’t know 

H8b. Number of children with diabetes □0 □1 □2 □3+ 
□Don’t 

know 

H8a Number of siblings □0 □1 □2 □3+ 
□Don’t 

know 

H9b. Number of siblings with diabetes □0 □1 □2 □3+ 
□Don’t 

know 

H11. How often do you eat fruit or vegetables? □Everyday □Not everyday 

H12 Have you ever been told by a doctor or other health 

worker that you have raised blood pressure or 

hypertension? 

□Yes □No 
□Don’t 

know 

H13 Have you been prescribed any 

antihypertensives? 
□Currently □ In the Past □ Never 

□ Don’t 

know 

H14. Have you ever been told that you had gestational 

diabetes (high sugar during pregnancy, in any 

pregnancy)  

□Yes □No 
□Don’t 

know 

H15. Have you ever delivered a large baby (over 4kg) Yes No 
Don’t 

know 

H16. IF yes, please record weight if known 

[Note to fieldworkers - If more than one baby please record largest] 
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H. History of DM 
H15. Has a doctor ever told you that you have diabetes? 

  
□Yes  □No 

H16If yes, when were you told you had diabetes?  
__________month           __________year  

H17. Are you taking any medication to manage your 
diabetes? 

□ Insulin 
□ Metformin 
□ Other oral anti-diabetic drugs 
□ Anti-hypertensives 
□ Statins 
□ Aspirin 
□ Other drugs 
□ No medication 
 

IH18. If yes, please state how long you have been using 
this medication: (enter 999 for don’t know) 

_____Years 
_____Months 

H19. Have you been using any other medication to 
manage your diabetes? 

Yes/No/ Don’t Know 

H20. If yes, how many times have you been admitted to hospital 
because of your diabetes in the last year? 

______________ 

H21. If yes, how many times have you been admitted to hospital 
because of your diabetes in the last 5 years? 

______________ 

H22. If yes, what is the longest overnight stay you have had in 
hospital? 

_______nights 

 
J. Peripheral Vascular disease  

J1 Has patient ever lost a limb or digit (not through trauma)? □Yes  □No 

J2Previous bypass or stenting surgery in limbs □Yes  □No 

J3Previous or current non-healing wound(>3 months) □Yes  □No 

 

Cardiovascular complications  

J4 Previous stroke □Yes  □No 

J5 Previous heart attack □Yes  □No 

J6 Previous bypass or stenting heart surgery □Yes  □No 

J7 Diagnosed (are you on medication?) angina or heart failure □Yes  □No 

 

Eye pathology  

J8 Previous cataract or laser eye surgery □Yes  □No 

J9 Known Glaucoma(Are you on treatment for increased eye pressure?) □Yes  □No 

J10 Acquired blindness in one or both eyes(not trauma) □Yes  □No 

 

J11 Do you have difficulty seeing/ disturbed vision □Yes  □No 

J12 If J12=yes, How long for? ____________Months _________Years  

J13 Having treatment for renal failure? □Yes  □No 



Appendices 
 

426 

 

    

K. Vital Signs    

K1 Temperature     ºC     ºF  _____  
K2. Resp Rate (bpm) ________________  

K3. Pulse rate (bpm)  ________________________ 
 

K4. Systolic blood pressure          _______mmHg 

K5. Diastolic blood pressure        _______mmHg 

 

 
Anthropometry    

K6. Karnofsky score:                     ____________% 

K7. Anaemic conjunctivae*:        No       Yes   □Not Done 

K8. Weight:                                   ____________kg 

K9. Height:                                  ____________m  

K10. Upper arm circumference:     ____________cm  

(smaller or non-dominant arm) 

K11. Waist circumference               ____________cm 

K12. Hip circumference                  ____________cm 

K13. Positive  lung auscultation*:        No        Yes   □Not 

Done 

K14. Presence of a BCG Scar? □ No   □ Yes    □ Not done 

*From this  appointment or recent medical assessment by 

clinician 

Karnofsky score: 

 100% - normal, no complaints, 
no signs of disease 

 90% - capable of normal 
activity, few symptoms or 
signs of disease 

 80% - normal activity with 
some difficulty, some 
symptoms or signs 

 70% - caring for self, not 
capable of normal activity or 
work 

 60% - requiring some help, can 
take care of most personal 
requirements 

 50% - requires help often, 
requires frequent medical care 

 40% - disabled, requires 
special care and help 

 30% - severely disabled, 
hospital admission indicated 
but no risk of death 

 20% - very ill, urgently 
requiring admission, requires 
supportive measures or 
treatment 

 10% - moribund, rapidly 
progressive fatal disease 
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L. Sample Collection   

Tick  Sample 

ID 

Time taken 

L1  Sputum 

        □ Collected 

        □ Collected overnight 

            Counseled patient/subject on overnight 

sputum collection:                                  Not done        

  Done         Induced 

         Spot collection 

       □ Could not produce sample 

  

L2  Blood – Lab Hb1Ac (2ml EDTA tube)   

L3 Blood – Creatinine, RBG, ALT/AST and Serum 

(4ml plain tube - 2ml serum, 0.5ml Creatinine, 

0.5ml RBG, 0.5ml ALT/AST) 

  

L4 Blood – Patient DNA/ Plasma (2ml EDTA tube   

L5 Blood – RNA (2.5ml Pax-Gene tube)   

L6 Blood – HIV (0.5ml)   

L7 Blood- Haemoglobin   

L8 Blood –Diluted WBA   

L9 Urine   

L10 CXR booked for ___/___/___ or CXR ID   
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M. DM Tests 

 Result 

M1. Urine dipstick □ 0 

□ trace 

□ 1+  

□ 2+  

□ 3+  

□ 4+ 

□ Not taken 

M5. Proteinuria □ =0 

□ trace 

□ 1+  

□ 2+  

□ Not done 

□ Refused 

M3. Random Plasma Glucose  POC ________mmol per l  (from Hemocue POC test) 

M4. POC Hb1Ac    _______ stored as % or mmol per mol. (from Hemocue POC) 

M6. Rapid HIV test result:     

 

□ No 

□ Yes 

□ Not done 

□ Refused 

 

If Yes, second HIV 

test taken: 

□ No 

□ Yes 

□ Not done 

□ Refused 

 M7. (If Female) POC Pregnancy test □ No 

□ Yes 

□ Not done 

□ Refused 

M8. Fasting plasma glucose (if 

random plasma glucose ≥ 6.1 mmol/l 

 

 

Exclusion from the Bioprofiling study 
□ Pregnant 
□ HIV +ve 
□ Already started TB treatment 
□ Already taking DM meds  
□ Known Multiple Drug Resistance 
□ Steroid usage 
□ Serious Comorbidity i.e. Rheumatoid arthritis (Please state)________________ 
□ Any other reason patient not able to participate____________________________ 
 



Appendix N - Sample micro-costing spreadsheet - Cover page

INSTRUCTIONS:

Text in yellow should be 

adapted to your setting.

Tool for estimating costs of type of tests in town, country

This tool has been adapted to estimate mean costs of bi-directional TB and DM screening. The outputs of the tool are: 

(1) Total resources used at the Hasan Sadikin Hospital for providing TB screening services in persons with DM

(3) Costs per patient according to screening test or tool

(4) Estimates of the costs of various combinations of screening tests, such as TB symptom screen with CXR

(2) Total resources used at the Hasan Sadikin Hospital for providing DM screening services in persons with TB

The results can be used to:

(1) Compare costs and outcomes between different facilities within Indonesia and in other countries

(2) Assess efficiency of how service delivery is organized and whether it can be improved

(3) Plan and budget for maintaining current service delivery or expanding to bi-directional screening

(4) Input data for modelling the cost-effectiveness of bi-directional screening for TB and DM
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Appendix N: Sample micro-costing spreadsheets - Instructions

Instructions:
1. The grey cells are input cells where you need to enter data. The blue cells are calculation cells that generate the results.  

You should not enter data in these.

2. Some data has already been entered into the grey cells (e.g. in the "X-ray specific" worksheet). The cost data needed are for the 

items already identified in the item row. 

3. Please use the "Notes" column to explain any values that are not in the spreadsheet unit, provide more detail on the source 


or method of calculation of the data, or anything else that you think I should know or would be of interest. 

4. Economic costs are needed, NOT tariffs or rates.

Methodology:
The cost data collection method used in this study is the "ingredient approach". This entails multiplying the resource quantities by their

 respective unit costs.

The unit costs to be captured include capital, recurrent, overhead, test-specific and patient specific.

Capital versus recurrent costs

Recurrent costs are those items that are used up during a year and usually purchased regularly (e.g. yearly, ,monthly, weekly, daily 

or irrregularly but frequently).

To be able to combine capital and recurrent costs in a useful manner, all costs must be presented on an annual basis, as fixed value costs. 

Capital costs are annualised by spreading their value over their expected lifetime. Future values are discounted to account for the fact that

 resources are tied up in these items.

Overhead costs

These include administration, laundry services, electricity, etc. 

In this tool, each patient seen at the hospital are allocated overhead costs equally, no matter if DM, TB, or TB-DM. 

If overhead costs amount to IDR 100,000,000,000 per year and the hospital treats a total of 200,000 patients per year, shared costs

Instructions and briefing on methodology

Capital costs are items that have a useful life or more than one year, such as vehicles, medical equipment, buildings and one-off training programmes.

Resources could include health worker time, quantity of drugs supplies and consumables, proportion of capital, recurrent or overhead costs, etc. 

Overhead costs are resources used for the overall running of the laboratory within the hospital, which do not vary much with the number of patients. 
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 are IDR 500,000 per patient.

Test specific costs

Some resources may be shared (e.g. incubator in the lab or nurses in the clinic), which will be proportionally allocated. 

Other costs may be applied to a specific test only (e.g. AccuCheck machine for the POC random capilliary glucose test or  vacutainer needle 

for blood draw).

Patient specific costs

These costs vary according to the number of patients. Examples are drugs and medical supplies. 

In this tool, these costs will be collected from TANDEM patient records in REDCap.

Resource

Useful life (life 

expectancy)* *Unless otherwise stated

Equipment (small & 

computers) 5

Equipment (large) 10

Buildings 30

Land 50

Vehicles 5

Initial training 30

Allocating shared costs:

Buildings Percentage of floor space or staff involved in intervention?

Staff Percentage of time

Equipment Percentage of time the equipment is used for a particular intervention

Utilities Percentage of floor space or staff involved in intervention?

Maintenance Percentage of floor space or staff involved in intervention?

These are supplies, consumables, equipment and staff that are specific to the screening, diagnostic and monitoring tests within the TANDEM study. 
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Appendix N - Sample micro-costing spreadsheet - Facility description

Name of FACILITY:

Address of facility:

Name of hospital director:

Name of medical director:

Name of financial director:

Name of administrative director:

Name of HR director:

Name of head of accounting:

Name of head of supplies:

Name of head of procurement:

Name of DEPARTMENT:

Name of radiologist:

Name of radiographer (HoD):

Names of resident doctors (radiology):

Name of DEPARTMENT:

Name of endocrinologists:

Name of endocrinology nurses:

Name of resident doctors (endocrinology):

Name of field nurses (TANDEM):

Names of resident field doctors (TANDEM):

Name of DEPARTMENT:

Name of pulmonologists:

Name of pulmonology nurses:

Names of resident doctors (pulmonology):

Name of DEPARTMENT:

Name of ClinPath doctor:

Name of ClinPath analysts:

Facility ownership: Yes/No Specify ownership

Government
Church
NGO
Private for profit

Size of catchment population:

Describe catchment population

Description of hospital
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Appendix N - Sample micro-costing spreadsheet - Facility description

Description of hospital

Physical facilities: Yes/No Number Notes

Registration office - general
Endocrinology Clinic

Common area

Consultation room - doctor

Nurses' consultation room (also 

TANDEM room for screening patients)

Sputum collection room
DOTS clinic

Common area
Consulatation area
TB-DM education & counselling area
Convalesing area
Pharmacy

Laboratory - Clinical Pathology
Common area
Sample collection - 2nd floor
Sample analysis - 3rd floor

ClinPath Secretariat (admin & accounting)

Radiology department
Common area
X-ray room
X-ray control room
X-ray processing room

TB ward
Internal medicine ward
Emergency room

Shared w/ other 

services? 

Yes/No

Facility name in 

language of site



Appendix N - Sample micro-costing spreadsheet - Facility description

Description of hospital

VALUE YEAR NOTES
Number of hospital beds: 

Number of patients per year (entire hospital)

Number of ER beds

Number of beds for DM patients:

Number of beds for TB patients:

Opening hours of hospital:

Operating hours of radiology department*: 

Operating hours of endocrinology clinic:

Operating hours of DOTS clinic:

Operating hours of Clinpath lab*:

Emergency hours:



Appendix N: Sample micro-costing spreadsheets - Assumptions

Parameter name Value Source

Year of evaluation: Assumption

No. of months evaluated: Assumption

No. of days in a month: Assumption

No. of weeks in a month: Julian calender

No. of days in a year: Assumption

No. workdays in a year Assumption

No. of working minutes in a year Assumption
Exchange rate IDR to USD http://www.oanda.com/currency/historical-rates

Exchange rate Euro to IDR http://www.oanda.com/currency/historical-rates/
Exchange rate USD to IDR http://www.oanda.com/currency/historical-rates/
Exchange rate NZD to IDR http://www.oanda.com/currency/historical-rates/

Discount rate WHO Generalised CEA Guide (Tan-Torres et al., 2003)

Parameter assumptions
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Appendix N: Sample micro-costing spreadsheets - Summary sheet

Reagents and 

Supplies Equipment Staff

Overhead: 

capital*

Overhead: 

recurrent* Total

TB symptom 

screen #DIV/0! #REF! #DIV/0! #REF! #REF! #DIV/0!

CXR #DIV/0! #REF! #DIV/0! #REF! #REF! #DIV/0!

IGRA #DIV/0! #REF! #DIV/0! #REF! #REF! #DIV/0!

FBG #DIV/0! #DIV/0! #DIV/0! #REF! #REF! #DIV/0!

Reagents and 

Supplies Equipment Staff

Overhead: 

capital*

Overhead: 

recurrent* Total

TB symptom 

screen #DIV/0! #REF! #DIV/0! #REF! #REF! #DIV/0!

CXR #DIV/0! #REF! #DIV/0! #REF! #REF! #DIV/0!

IGRA #DIV/0! #REF! #DIV/0! #REF! #REF! #DIV/0!

FBG #DIV/0! #DIV/0! #DIV/0! #REF! #REF! #DIV/0!

*Overhead costs include buildings, utilities and other laboratory running costs

Mean cost per patient per screening test

(Hospital, Town, Country)

Test

Cost components (Year Currency)

Test

Cost components (Year USD)
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Appendix N: Sample micro-costing spreadsheets - Hospital overhead

Mean overhead cost
Value (IDR) Per Year Year of data Calculation method Value (IDR) Per Day Total Patients/day Value (IDR) Per Day Per Patient

Overhead cost per in-patient bed-

day (capital + recurrent) (IDR)

Overhead cost per day - emergency 

room (capital + recurrent) IDR

Overhead cost per out-patient 

episode (capital + recurrent) (IDR)
Overhead cost per diagnostic test 

(capital + recurrent) (IDR)

Resource Area (sq. metres)

Purchase price - 

when new (IDR)

Value if sold today 

(IDR)

Rental value OR cost per 

year (IDR)

If known, cost per screening 

test (IDR)

If known, cost per outpatient 

day (IDR)

If known, 

cost per in-

patient bed-

day (IDR)
Year of 

data

Explanation of source 

or calulation method

Year of 

purchase

Approximate 

life expectancy - 

from new 

(years)

Frequency of 

maintenance 

(per year)

Annual cost of 

maintenance (IDR) Annualisation factor

Annualised capital 

costs (IDR)

Total annual costs 

(IDR)

Proportion of 

overhead costs 

specific to radiology 

department

Proportion of 

overhead costs 

specific to clinical 

pathology 

laboratory

Proportion of 

overhead costs 

specific to 

endocrinology 

clinic

Proportion of 

overhead costs 

specific to DOTS 

clinic

Proportion of 

overhead costs 

specific to 

emergency room

Proportion of 

overhead costs 

specific to internal 

medicine ward

Proportion of 

overhead costs 

specific to TB 

ward Notes

EXAMPLE ONLY

Hospital building (entire) 10,000 600,000,000,000 NA 10,000 25,000 60,000 2013

Valuation for 

insurance 100,000,000 0 0 0 0 0 0 0

Vehciles Don't know 950,000,000,000 NA 2014 Assets records various 5 3x per year 100,000,000 #REF! #REF! #REF! Don't know Don't know Don't know Don't know Don't know 0 0

Utilities - water 20,000,000 1 3,000 6,000 2015 Expenditure books Don't know 0 0 0 0 0 0

Overhead

Capital Costs

Hospital building (entire) 50 #REF! #REF! #REF! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Radiology (including 

waiting/common area, clinician and 

technician space, admin space, x-ray 

and x-ray control rooms, x-ray 

processing room)

100.00% NA NA NA NA NA NA

ClinPath Lab - blood collection area NA #DIV/0! NA NA NA NA NA

ClinPath lab - blood analysis area NA #DIV/0! NA NA NA NA NA

Endocrinology clinic (incl. waiting area, 

clinician space, admin space, patient space)
NA NA 100.00% NA NA NA NA

DOTS clinic (incl. waiting area, clinician 

space, admin space, patient space and 

pharmacy)

NA NA NA 100.00% NA NA NA

Emergency room department NA NA NA NA 100.00% NA NA

Internal medicine ward NA NA NA NA NA 100.00% NA

TB ward NA NA NA NA NA NA 100.00%

Land (entire hospital grounds) 50 #REF! #REF! #REF! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Computers 5 #REF! #REF! #REF! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Furniture 10 #REF! #REF! #REF! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

General medical equipment (e.g. 20 #REF! #REF! #REF! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

General non-medical equipment (e.g. 

office equipment, software, air 

conditioners, generators, etc.) 

10

#REF! #REF! #REF!

#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Vehicles (ambulances, trucks, 

motorcycles, bicycles)
15

#REF! #REF! #REF!
#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

Other capital overhead costs 

(overhead for Eyckman Building 

[UNPAD] - education and research)

50

#REF! #REF! #REF!

#DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

TOTAL CAPITAL COSTS IDR 0 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF!

Recurrent costs

ALL UTILITIES? -IDR                            NA 0.60% 0.21% NA 4.76% NA NA

Utilities - water -IDR                            NA NA NA NA NA NA NA

Utilities - electricity -IDR                            NA NA NA NA NA NA NA

Utilities - gas -IDR                            NA NA NA NA NA NA NA

Utilities - telephone -IDR                            NA NA NA NA NA NA NA

Utilities - internet -IDR                            NA NA NA NA NA NA NA

Utilities - generator fuel or other 

electricity back-up -IDR                            NA NA NA NA NA NA NA

Laundry services -IDR                            NA NA NA NA NA NA NA

Sterilisation -IDR                            NA NA NA NA NA NA NA

Cleaning supplies -IDR                            NA NA NA NA NA NA NA

General administrative or operations 

(printing/photocopying, health 

advertising, etc.) -IDR                            NA NA NA NA NA NA NA

General lab and medical supplies -IDR                            NA NA NA NA NA NA NA

General office supplies -IDR                            NA NA NA NA NA NA NA

Other non-medical supplies/consumables (uniforms, linens, etc.) -IDR                            NA NA NA NA NA NA NA

Patient/staff food -IDR                            NA NA NA NA NA NA NA

Training -IDR                            NA NA NA NA NA NA NA

Transportation -IDR                            NA NA NA NA NA NA NA

Routine repairs and maintenance -IDR                            NA NA NA NA NA NA NA

Rent, if applicable -IDR                            NA NA NA NA NA NA NA

Other recurrent overhead costs -IDR                            NA NA NA NA NA NA NA

TOTAL RECURRENT COSTS IDR 0 -IDR                            #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!

TOTAL OVERHEAD (capital and 

recurrent) COSTS IDR 0 IDR 0 #REF! #REF!

Annual proportional allocation #REF! #REF! #REF! #REF! #REF! #REF! #REF!

Start End

Operating days of X-ray department 

per week

Operating days of clinpath lab per 

week

Operating days of endocrinology 

clinic per week

Operating days of TB clinic per week

Operating days of hospital per week

Annual values Number per year Year of data

Total number of hospital admissions

Number of ER admissions

Number of internal medicine ward 

admissions
Number of TB ward admissions

Number of hospital patients

Number of ER patients

Number of internal medicine in-

patients

HOSPITAL - Overhead costs
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Number of TB patients in DOTS clinic 

per year
Number of TB in-patients

Number of in-patient bed days 

(entire hospital)

Number of bed days (ER)

Number of in-patient bed days 

(internal medicine ward)
Number of in-patient bed days (TB 

ward)

KEY:

Input a value

Need to follow-up

Value needs to be verified Red font

Not applicable to this facility NA

Data is not available right now but 

will provide later ND
Value not available at all Don't know
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Appendix N: Sample micro-costing spreadsheet - Hospital staff

Resource Quantity

Total gross* monthly 

salary (IDR)

Total gross* monthly 

benefits and allowances 

(incl. housing, childcare, 

hazard pay, pension, etc.) 

(IDR)

Total gross* 

overtime (IDR)

Total gross* 

monthly 

training 

(IDR)

Total gross* montly 

incentives or 

bonuses (IDR)

Total number 

of working 

hours per 

month Year of data

Proportion 

specific to 

radiology 

department

Proportion 

specific to 

endocrinology 

clinic

Proportion of 

overhead costs 

specific to 

DOTS clinic

Proportion of 

overhead costs 

specific to 

internal 

medicine ward

Proportion of 

overhead costs 

specific to TB 

ward

Proportion 

specific to 

clinical 

pathology 

laboratory Notes

EXAMPLE ONLY

Doctors 207 800,000,000               650,000,000                        500,000,000          75,000,000   N/A 33,120            2014 1.5% 5.0% 2.5%

Overhead

Staff - general

Doctors

Nurses

Technicians

Administrative

Auxilliary

Other staff categories?

Staff - specialised

Doctors - radiologist

Doctors - endocrinologist

Doctors - pulmonologists

Doctors - clinical pathology 

laboratory

Resident doctors - radiology 

department

Resident doctors - 

endocrinology department

Resident doctors - pulmonology 

department

Resident doctors - clinical 

pathology laboratory

Nurses - radiology department

Nurses - endocrinology 

department

Nurses - pulmonology 

department

Technicians - clinical pathology 

laboratory

Radiographers

Couriers - for sample or CXR 

film transfer

Porters - for patient transfers

*If gross value (before taxes) not available, provide net (after taxes) value and indicate in "Notes" section the taxation percentage

KEY:

Input a value

Need to follow-up

Data needs to be verified Red font

Not applicable to this facility NA

Data is not available right now 

but will provide later ND
Value not available at all Don't know

RSHS - Staff costs
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Appendix N: Sample micro-costing spreadsheet - Smear microscopy specific

Resource

Average 

quantity per 

order Price as new (RON) Quantity per test

Year of 

purchase

Approx. life 

expectancy - 

from new 

(years)

Frequency of 

maintenance 

(per year)

Annual cost of 

maintenance 

(RON) Brand name Manufacturer

TANDEM - 

new 

(Y/N)

Year of 

data

Annualisation 

factor

Annualised capital 

costs

Proportion 

allocated to 

sputum (collection 

or analysis) Sub-total

Mean cost per 

patient (RON)

Mean cost per 

patient (USD) Notes/source

EXAMPLE

Culture tubes 100 RON 1,000 3                               N 2013 RON 30 RON 30 USD 30.00

Computer 1                             RON 3,000 2011 5                       0.33333333 RON 100  MacBook Pro  Apple N 2013 4.58 RON 600 55% #DIV/0! #DIV/0! #DIV/0! *Computer is maintained every 3 years.

TEST SPECIFIC COSTS

Supplies - consumables

SPUTUM COLLECTION

N95 masks for staff (box) #DIV/0! #DIV/0! #DIV/0! *box lasts 2 months

Cloth masks for patients & family 

members before interview (box) #DIV/0! #DIV/0! #DIV/0!

Plastic pots with cover for sputum 

collection #DIV/0! #DIV/0! #DIV/0! 3 containers per patient for each sputum sample

Clear plastic zip lock bags (12x20) #DIV/0! #DIV/0! #DIV/0!

1 ziplock bag for 3 sputum pots; Source: Uie (Nury) at 

TANDEM clinic

Labels with barcodes (for TANDEM) #DIV/0! #DIV/0! #DIV/0! Source: TANDEM invoice book

Cotton - 500gr #DIV/0! RON 0.00 USD 0.00 *Each order lasts 2 months.

Lunch box for sputum storage 

(before collection by lab personnel) #DIV/0! #DIV/0! #DIV/0! Each box lasts ~ 1 year. Source: TANDEM invoice book

Sputum box/container at lab #DIV/0! #DIV/0! #DIV/0! Lasts ~ 1 year

Alcohol (70%) - 50 mL bottle #DIV/0! #DIV/0! #DIV/0! *10 litres lasts 6 months.

Paper towels for sterilizing 

container (roll) - 2 per set #DIV/0! #DIV/0! #DIV/0! Lasts ~ 1 month

Gloves (latex) #DIV/0! #DIV/0! #DIV/0! VB Balance Sheet for Laboratories - 2015

Marker #DIV/0! #DIV/0! #DIV/0! Lasts ~ 1 month

USD 0.00

TOTAL #DIV/0! #DIV/0! #DIV/0!

SMEAR MICROSCOPY ANALYSIS

Smear glass slides (box - 26mm x 

76mm, 1.1-1.3 mm thick) #DIV/0! #DIV/0! #DIV/0! 3 slides per patient for each sputum sample

Staining kit (Z-N) #DIV/0! #DIV/0! #DIV/0!

Each kit can process 40 slides; kit contains smear stain, 

decolouriser, counterstain. Website: http://www.licitatie-

publica.ro/licitatii/kit-colorare-ziehl-

neelsen?searchProfileId=&user=6113e7ce52384f4a88d1c99

1780d464c&token=&uuid=587c49aa-1a97-11e3-a05d-

002655ffd6c8

Distilled water (5L) #DIV/0! #DIV/0! #DIV/0!

Each set of reagents lasts for 6 months; Website: 

http://www.dedeman.ro/ro/auto/accesorii-auto/apa-

distilata/apa-distilata-5l.html

Plastic liners for discard bucket #DIV/0! #DIV/0! #DIV/0! *Assume liner is replaced every day --> 5 liners per week

Discard bucket - 7.5L. #DIV/0! #DIV/0! #DIV/0! *Assume bin lasts ~ 1 month

Applicator sticks - wooden (100 in a 

box) #DIV/0! #DIV/0! #DIV/0! 3 sticks per patient for each sputum sample

Decontamination reagents 

(hypoclorit) (1L. bottle) #DIV/0! #DIV/0! #DIV/0! *Assume 3 Litres lasts ~1 month

Immersion oil (2ml bottle) RON 0.00 #DIV/0! #DIV/0!

*Assume 118 ml  lasts ~6 months

Website: 

http://www.skywatcher.ro/Microa/ulei_de_imersie.htm

Paper lens cleaner (for microscopes) 

(pack) #DIV/0! #DIV/0! #DIV/0!

*Assume each pack lasts ~ 1 month; microscope lens is 

cleaned at the end of every day.

UV light bulb (LBA 55W) #DIV/0! #DIV/0! #DIV/0!

How many UV lights in lab?

*Assume each bulb lasts ~2 months

Hand disinfectant (Sterillium) - 1000 

ml #DIV/0! #DIV/0! #DIV/0! *3 bottles lasts entire BK lab ~ 1 month

Surface cleaner (Bode Bacillol AF) - 

1000 ml #DIV/0! #DIV/0! #DIV/0! *3 bottles lasts entire BK lab ~ 1 month

Toner #DIV/0! #DIV/0! #DIV/0!

VB Balance Sheet for Laboratories - 2015

Lasts ~1 month? - approximately 20 tests or checks per 

patient per month?

Paper (packets of 500 sheets) #DIV/0! #DIV/0! #DIV/0! VB Balance Sheet for Laboratories - 2015 

Other supplies…

TOTAL #DIV/0! #DIV/0! #DIV/0!

Costs per smear microscopy (Facility name)

 440



Resource

Average 

quantity per 

order Price as new (RON) Quantity per test

Year of 

purchase

Approx. life 

expectancy - 

from new 

(years)

Frequency of 

maintenance 

(per year)

Annual cost of 

maintenance 

(RON) Brand name Manufacturer

TANDEM - 

new 

(Y/N)

Year of 

data

Annualisation 

factor

Annualised capital 

costs

Proportion 

allocated to 

sputum (collection 

or analysis) Sub-total

Mean cost per 

patient (RON)

Mean cost per 

patient (USD) Notes/source

EXAMPLE

Culture tubes 100 RON 1,000 3                               N 2013 RON 30 RON 30 USD 30.00

Computer 1                             RON 3,000 2011 5                       0.33333333 RON 100  MacBook Pro  Apple N 2013 4.58 RON 600 55% #DIV/0! #DIV/0! #DIV/0! *Computer is maintained every 3 years.

Equipment Quantity

SPUTUM COLLECTION

Refridgerator for samples (4-8 degC) 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0!

Source: taken from Sputum culture values.

Needed if patient produces sample after 12 noon (which is 

when samples are taken to lab each day for smear analysis)

0.00

TOTAL #DIV/0! #DIV/0! #DIV/0!

SMEAR MICROSCOPY ANALYSIS

Timer (digital) 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0!

Website: http://malvi.ro/timer-si-cronometru-digital-alb-

tfa.html?utm_source=shopmania&utm_medium=cpc&utm_

campaign=direct_link

Biosafety cabinet - vertical laminar 

flow hood, with UV light 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0! VB 2015 Equipment Balance Sheet (13.06.16)

Fridge/freezer 0.00 #DIV/0! 50% #DIV/0! #DIV/0! #DIV/0! VB 2015 Equipment Values (13.06.16)

Drying rack (drying over sink)

Slide rack (drying stained slides - 

100) 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0! http://www.skywatcher.ro/MicroCel/preparate.htm

Slide box (to store slides) - holds 100 

slides? 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0!

The box can store slides for 33 patients, with 3 slides each. 

http://www.skywatcher.ro/microscoape.htm

Bunsen burner 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0!

http://www.materialedidactice.ro/produs/arzator-bec-

bunsen/

Microscope (optical) 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0! VB 2015 Equipment Values (13.06.16)

Technical balance 0.00 RON 0.00 100% RON 0.00 #DIV/0! #DIV/0! VB 2015 Equipment Values (13.06.16)

UV light fixture 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0! VB 2015 Equipment Values (13.06.16)

Computer (electronic recording of 

AFB results) 0.00 #DIV/0! 100% #DIV/0! #DIV/0! #DIV/0! VB 2015 Equipment Values (13.06.16)

Computer & printer (for reports) 0.00 #DIV/0! 6% #DIV/0! #DIV/0! #DIV/0! VB 2015 Equipment Values (13.06.16)

Other resources…

TOTAL #DIV/0! #DIV/0! #DIV/0!

Transportation ?

Staff - labour Quantity

Net* monthly salary

(RON)

Net* monthly 

benefits 

(including 

overtime)

(RON)

Monthly 

training 

(CME incl.) 

(RON)

Total number 

of working 

hours per 

month

Time spent 

on sputum 

smear per 

patient 

(minutes)

Total # of 

expected 

TANDEM 

patients

per month

Total # of sputum 

smears  (incl 

TANDEM)

per month

Total # of 

NON-sputum 

smear tests

per month

Total # 

laboratory 

tests 

conducted

per month

Year of 

data Salary per minute

Proportion 

allocated to 

sputum (collection 

or analysis) Sub-total

Mean cost per 

patient (RON)

Mean cost per 

patient (USD) Notes/source

SPUTUM COLLECTION

Doctor (TB ward) - assess patient 

and order test??? 152 0 0 0 1457 1457 2015 RON 0.00 RON 0.00 RON 0.00 USD 0.00

Nurse (TB ward) - for sputum 

collection and delivery 152 5 0 0 1457 1457 2015 RON 0.00 RON 0.00 RON 0.00 USD 0.00

VB inpatients are brought to BK lab by ward nurse; 

VB outpatients (i.e. DM patients for Hospital #1 or #2 being 

screened for TB) are brought by ambulance (1-2 hours of 

transportation)

TOTAL RON 0.00 RON 0.00 USD 0.00

SMEAR MICROSCOPY ANALYSIS

Laboratory doctor - smear analysis 152 0 0 0 1457 1457 2015 RON 0.00 RON 0.00 RON 0.00 USD 0.00

Biologist - smear analysis 152 15 0 0 1457 1457 2015 RON 0.00 RON 0.00 RON 0.00 USD 0.00

*Monitors process --> spends 2 hours per week on all AFB 

tests. 125-150 non-TB tests are conducted per week at BLK.

Laboratory technicians - smear 

analysis 152 5.175 0 0 1457 1457 2015 RON 0.00 RON 0.00 RON 0.00 USD 0.00

Cleaning staff (shared with ClinPath 

Lab) - sputum collection and 

analysis 152 5 0 0 1457 1457 2015 RON 0.00 RON 0.00 RON 0.00 USD 0.00

Other staff

*Taxation of salary = x%

TOTAL RON 0.00 RON 0.00 USD 0.00

#DIV/0! #DIV/0! #DIV/0!

#DIV/0! #DIV/0! #DIV/0!

TOTAL SPUTUM COLLECTION SPECIFIC COSTS

TOTAL SPUTUM SMEAR MICROSCOPY ANALYSIS SPECIFIC COSTS

Costs per smear microscopy (Facility name)



Bacteriology 

Laboratory

Proportion of BK Lab 

overhead for capital 

costs

Proportion of BK 

Lab overhead for 

recurrent costs

Total Annual Overhead Costs for BK 

Lab RON 43,529 30% 70%
Total number of BK Lab tests per year 

(2014) 17,484                  
Overhead costs per sputum collection 

(2014) (RON) RON 4.98 RON 1.48 RON 3.50
Overhead costs per sputum collection 

(2014) (USD) USD 1.26 USD 0.37 USD 0.88
Overhead costs per smear microscopy 

analysis (2014) (RON) RON 4.98 RON 1.48 RON 3.50
Overhead costs per smear microscopy 

analysis (2014) (USD) USD 1.26 USD 0.37 0.882410269

SUMMARY DATA

Total number of DM patients 

screened for TB (sputum smear)

Total number of sputum smears 

conducted

Number of sputum smears per 

patient 2

Cost per patient (sputum collection) - 

test specific #DIV/0! #DIV/0!

Cost per patient (smear analysis) - 

test specific #DIV/0! #DIV/0!

Cost per patient (sputum collection) - 

overhead RON 4.98 USD 1.26

Cost per patient (smear analysis) - 

overhead RON 4.98 USD 1.26

Total cost per patient (sputum 

collection) #DIV/0! #DIV/0!

Total cost per patient (smear 

analysis) #DIV/0! #DIV/0!
COST PER PATIENT for SPUTUM 

SMEAR (incl. COLLECTION) #DIV/0! #DIV/0!

Start End

Operating hours of BK laboratory 

per day 8:00 AM 3:00 PM

Operating days of BK laboratory per 

week Monday Friday

Operating hours of hospital per day 24 hours

Operating days of hospital per week Monday Sunday

Number Year of data Source

Number of all bacteriology lab tests 

per year

Number of smear microcopy tests 

per year

Number of smear microscopy 

patients per year

Number of TANDEM DM patients 

per day

Number of TANDEM DM patients 

per week

Number of TANDEM DM patients 

per month

Number of TANDEM DM patients 

per year

KEY:

Input a value

Human resources

Need to follow-up

Need to verify Red text

Not applicable to this facility NA

Data is not available right now ND
Data not available at all Don't know

*Source (sputum culture specific costs): Dowdy, 2008. Impact and CE of culture for diagnosis of TB in HIV+ Brazilian adults. PLoSone.

OVERHEAD COSTS
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Appendix O: TANDEM health facility and hospital characteristics in Indonesia, 2013-2016 

Characteristic 

Hasan Sadikin Referral Hospital 
 

UNPAD TANDEM  
 

- TB clinic 

Ujung Berung 
District Hospital 

- DOTS clinic 

Balai Laboratorium 
Kesehatan 

- Bacteriology 

Puskesmas  
(29 facilities) 

 
 

– Endocrinology clinic – Radiology 
Department 

– DOTS clinic – Clinical 
Pathology 
Laboratory 

Location Bandung city Bandung city Bandung district 
(east) 

Bandung city Bandung district 

Setting Urban Urban Urban Urban Urban and peri-urban 

Service range Adult clinic for people 
with type 1, 2, 
gestational DM & 
other endocrine 
conditions 

Adult and paediatric Adult DS- & 
MDR-TB 
treatment & 
paediatric TB 
drug collection 

All tests Adult TB/MDR-TB 
patients; paediatric 
TB for meds only 

NA Reference laboratory Primary health 
centres 

Disease screened TB TB DM DM DM DM TB DM 

Disease focus of 
facility 

DM All patients TB No specialty TB TB No specialty* TB 

Number of 
patients/ tests per 
year 

~8,000 DM patients 89,592  
x-rays 

~2,270 TB 
patients 

1,226,364 tests ~24,000 patients NA ~3,000 smear & 
culture 

~ 50,000 patients 

~11,350 visits  ~6,800 visits  Culture (solid) - 481 

Type and number of 
staff 

Consultant 
endocrinology - 1 

Resident doctor - 
1/week 

Consultant 
pulmonologist - 1 

Laboratory 
doctor - 15 

Sr. Doctor - 1 NA Laboratory technicians 
(for smear/culture) – 8 

An average Puskesmas: 

Doctors (internal med 
resident) - 5 

Radiologist - 10 Doctor (head TB 
programme) - 1 

Sr. Resident 
Doctor - 1  

Pulmonologist - 1  
 

Doctor – 4 (2 GPs, 2 
dentists) 

Nurse – 3 
Admin – 2 
Nutritionist - 1 
Courier - 1 
Porter - 1 

Radiographer – 38 
Nurse - 27 

TB nurse – 1 
Pharmacist – 1 
Admin - 1 

Medical 
Technologist - 
10 

Resident Dr - 1 (for 
TANDEM only) 
Nurse (TB) – 1 
Admin – 1 
Pharmacist - 1 

   Nurse – 4  
Midwives – 4 
Pharmacist – 1 
Lab Tech – 1 
Admin – 4 
Auxiliary - 1 

Funder/ ownership Provincial Provincial  NA Provincial Department of Health 

Hours of operation M-F: 08:00 - 15:00 M-F: 07:00 - 15:30  M-F: 07:30 – 15:30 24 hours M-F: 07:30 - 15:30 M-F: 07:30 – 15:30 M-F: 07:30 - 16:00 M-Sa: 07:30 - 14:00 

*Haematology, immunology, bacteriology, virology, environmental health, radiology, ultrasound, ECG 
NA-not available; TB-tuberculosis; DS-drug susceptible; MDR-multidrug-resistant; DM-diabetes mellitus; DOTS-directly observed treatment, short-course;  
Puskesmas-Primary Health Centre; Hospital #1-The Emergency County Hospital, Craiova; Hospital #2-The Craiova Philanthropic Municipal 
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Appendix P: TANDEM health facility and hospital characteristics in Romania, 2013-2016 

Characteristic 

Hospital #1  Hospital #2  Victor Babes Runcu   

– DM ward – Radiology 
Department 

– Medical 
Laboratory 
Department 

– Internal 
Medicine 
ward 

– Radiology 
Department 

– Pneumology 
(with TB) ward 

– BK Lab – BioChem 
Lab 

- Radiology 
Department 

– TB ward  
(Section II) 

– Microbiology 
Laboratory 

Location Dolj Dolj Gorj Dolj 

Setting Urban Urban Urban Rural 

Service range Reference 
hospital: 
Adult type 1 
& 2 inpatients 

Adult and 
paediatric 

Haematology, 
immunology, 
biochemistry, 
microbiology 

City 
hospital 

Adult and 
paediatric 

Infectious diseases: 
3 TB wards (adult 
male, adult female, 
paediatric)  

Bacteriology 
(sputum 
samples) 

Blood and 
urine 
samples 

Adult & 
paediatric 
radiology & 
medical 
imaging 

Pulmonary 
diseases 

Sputum, blood 
and urine 
samples 

Disease screened TB TB TB TB TB DM TB DM TB DM DM 

Disease focus of 
facility 

DM All non-
infectious 
diseases 

No specialty Internal 
medicine 

All non-
infectious 
diseases 

TB TB TB Infectious 
diseases 

TB TB 

Number of patients/ 
tests per year 

~1,200 
patients 

117,212 x-rays 1,281,721 
tests 

~43 DM 
patients 

12,659 x-rays ~867 TB patients 
for each adult 
pneumology 
ward 

17,484 tests 301,600 
tests 

~42,030 x-
rays 

385 patients 22,053 tests 

65,717 for 
entire hospital 

  ~7,867 for entire 
hospital 

Type and number of 
staff 

Diabetologist – 
11 

Radiologist – 26 Lab doctor - 13  Doctor -1 Physicist - 1 Doctors – 11 Doctor - 1 Lab Doctor 
- 6 

Radiologist - 
3 

Pulmonologist – 3 Biologist -1 

Nurse - 15 Rad. Res Dr - 52 Nurse - 33  Sr. Nurse - 4 Radiologist - 6 Nurse – 32 Biologist - 2 Biologist - 8 Nurse - 17 Nurse – 10 Chemist - 1   
Biochemist - 
13 

Nursing 
assistant - 2 

Nurse - 8 Radiology 
nurse – 3 

Technician - 2 Nurse - 17 Orderly - 3 Pharmacist – 1 
(entire hospital) 

Nurse (lab) - 5 

  
Biologist - 5 Cleaning 

staff - 1 
Cleaning staff - 
1 

Nurse's aide 
– 6 

Cleaning staff 
- 1 

Orderly - 3 
 

Laboratory staff – 
7 (entire hospital) 

 

  
Chemist - 9 

  
Medical 
records– 2 

   
Admin – 14 
(entire hospital) 

 

  
Physicist - 1 

  
Orderly - 14 

   
Auxiliary - 60 
(entire hospital) 

 

Funder/ ownership Local Authority - City Hall of Craiova Local Authority - City Hall of 
Craiova 

Local Authority - City Hall of Craiova   Gorj County Council 

Hours of operation 24 hours 
(doctors: 
08:00 - 15:00) 

24 hours 24 hours 24 hours 24 hours 24 hours M-F: 08:00 - 15:00 24 hours   24 hours M-F: 08:00 - 15:00 

TB-tuberculosis; DM-diabetes mellitus; BK-bacteriology; BioChem-Biological Chemistry 
Hospital #1-The Emergency County Hospital, Craiova; Hospital #2-The Craiova Philiantropic Municipal Hospital; Victor Babes-The Victor Babes Clinical Hospital for Infectious Diseases and 
Pneumology; Runcu-The Tudor Vladimirescu Runcu Hospital for Lung Diseases
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Appendix Q: Characteristics of screening and diagnostic tests for tuberculosis and diabetes mellitus in Indonesia and Romania 

    Test name Format 
Available in routine 
service Specimen 

Person to 
collect sample Time to collect sample 

Facility where sample 
collected 

TB
 t

e
st

s 

1 TB symptom screen 5 questions: blood in sputum, 
breathlessness upon exertion, night 
sweats, unintentional weight loss/gain, 
fever 

Not in DM patients N/A Doctor 20 minutes Indonesia: RSHS Endocrinology 
Clinic 
Romania: H#1 DM ward, H#2 
Internal Medicine ward 

2 Chest x-ray (CXR) Digital and film (Indonesia); digital only 
(Romania) 

Yes Indonesia: 
digital and film 
Romania: digital 

Radiographer Indonesia: 150 
Romania: 20 minutes 

Indonesia: RSHS Radiology 
Department 
Romania: H#1 & H#2 Radiology 
Departments 

3 Smear microscopy Ziehl-Neelsen stain Romania: in 
Infectious Disease 
Hospitals only 
Indonesia: yes 

Sputum x2 (1 at 
clinic, 1 early 
morning) 

Nurse 30 minutes or 1 day Indonesia: RSHS, BLK 
Romania: H#1 DM ward, VB 

4 Sputum culture MODS technique using Middlebrook 
broth (Indonesia) or solid medium 
Lowenstein-Jensen (Romania) 

Romania: Infectious 
Disease Hospitals  
Indonesia: yes 

Sputum Nurse Smear sample used Indonesia: RSHS, BLK 
Romania: VB 

5 Interferon Gamma Release 
Assay (IGRA) – Indonesia 

QuantiFERON® analysis kit No Whole blood - 
3ml 

Nurse/ 
phlebotomist 

25 minutes (including 
transport) 

RSHS DM ward 

6 Tuberculin skin tests (TST)  
– Romania 

Injecting 0.1 ml of tuberculin purified 
protein derivative (PPD) into the inner 
surface of the forearm 

No Measurement 
of induration 
(reaction) 

Nurse 10 minutes H#1 DM ward; H#2 Internal 
Medicine ward 

D
M

 t
e

st
s 

1 Omani risk score 5 questions: age, BMI, waist 
circumference, hypertensive state (at 
time of study), family history of diabetes 

No N/A Nurse/doctor 22 minutes Indonesia: UNPAD 
Romania: Runcu, VB 

2 POC random plasma 
glucose (RPG) 

Point of care machine in clinic or in 
patient's room 

No blood from 
finger prick 

Nurse/doctor 5 minutes Indonesia: UNPAD 
Romania: Runcu, VB 

3 Fasting blood glucose 
(FBG) 

Blood draw from arm Yes Whole blood - 2 
ml 

Nurse/ 
phlebotomist 

Indonesia: 22 minutes 
(including transport) 
Romania: 10 minutes 

Indonesia: UNPAD 
Romania: Runcu, VB 

4 Urine dipstick Urine sample collected at any time Indonesia: no 
Romania: samples 
tested in 
laboratories only 

Urine Nurse/doctor Indonesia: 5 minutes 
(depending on patient) 
Romania: 60 minutes 
(including transport) 

Indonesia: UNPAD 
Romania: Runcu, VB 

5 POC glycated 
haemoglobin (HbA1c) 

Point of care machine in clinic or in 
patient's room 

No blood from 
finger prick 

Nurse/doctor 10 minutes Indonesia: UNPAD 
Romania: Runcu, VB 

6 Laboratory glycated 
haemoglobin (HbA1c) 

Blood draw from arm Yes, but no international 
certification 

Whole blood - 
2ml EDTA 

Nurse/ 
phlebotomist 

10 minutes Indonesia: UNPAD 
Romania: Runcu, VB 
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TB-tuberculosis; DM-diabetes mellitus; NA-not applicable; BMI-body mass index; EDTA-Ethylenediaminetetraacetic acid; POC-point of care; mins-minutes 
RSHS-Hasan Sadikin Hospital; H#1-Hospital #1 (The Emergency County Hospital, Craiova); H#2-Hospital #2 (The Craiova Philanthropic Municipal Hospital); BLK-Balai Laboratorium Kesehatanl; VB-
The Victor Babes Clinical Hospital for Infectious Diseases and Pneumology; Runcu-The Tudor Vladimirescu Runcu Hospital for Lung Diseases; UNPAD- Universitas Padjadjaran; CXR-chest x-ray; 
MODS-microscopic observation drug susceptibility
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    Test name Person to analysis Time for result 
Facility where analysis 
performed Diagnosis range 

TANDEM diagnosis 
cut-off values Next step 

TB
 t

e
st

s 

1 TB symptom screen Doctor 2 minutes Indonesia: RSHS Endo Clinic 
Romania: H#1 DM ward, H#2 
Internal Medicine ward 

0 to 5 for the presence of the 
five key symptoms 

Suggestive TB: 
presence of ≥1 of 5 key 
symptoms 

CXR or sputum smear 

2 Chest x-ray (CXR) Radiologist or 
pulmonologist 

40 minutes Indonesia: RSHS Radiology 
Department 
Romania: H#1 & H#2 Radiology 
Departments 

Positive TB, suggestive TB, not 
suggestive TB, not TB 

Abnormal: positive TB, 
suggestive TB 

Sputum smear 

3 Smear microscopy Bacteriology technician 3 days Indonesia: BLK 
Romania: VB 

1. Negative = 0/ 100 view field 
2. Scanty = 1-9 per 100 
3. Positive = ≥ 10 per 100 
(+1=10-99 per 100; +2=1-10 per 
50; +3>10 per 20) 

Positive and scanty Culture 

4 Sputum culture Bacteriology technician Indonesia: 14-28 days 
Romania: National 
protocol: ≤ 60 days 

Indonesia: BLK 
Romania: VB 

Negative 
Positive 

Positive Active TB diagnosed 

5 Interferon Gamma Release 
Assay (IGRA) – Indonesia 

Clinical Pathology 
doctor or technician 

60 minutes UNPAD Immunology Lab Positive, negative, 
indeterminate 

Positive Latent TB infection 
diagnosed 

6 Tuberculin skin tests (TST)  
– Romania 

Pulmonologist or 
trained diabetologist 

15 minutes H#1 DM ward; H#2 Internal 
Med ward 

Induration measurement at 72 
hours after injection: 0 - 40 mm 

≥ 5, 10 or 15 mm Latent TB infection 
diagnosed 

D
M

 t
e

st
s 

1 Omani risk score Nurse/doctor 3 minutes Indonesia: UNPAD 
Romania: Runcu, VB 

0 to 25 ≥ 7 Confirmatory screening 
or diagnostic test 

2 POC random plasma 
glucose (RPG) 

Nurse/doctor 2 minutes Indonesia: UNPAD 
Romania: Runcu, VB 

0.6 to 33.3 mmol/L DM: ≥ 11.0 mmol/L 
Suspected DM: ≥ 6.1 
mmol/L 

FBG 

3 Fasting blood glucose 
(FBG) 

Clinical Pathology 
doctor or technician 

Indonesia: 10 mins 
Romania: 70 mins 
(including report) 

Indonesia: RSHS Clinical 
Pathology lab 
Romania: Runcu, VB 

 NA DM: ≥ 7.0 mmol/L 
Suspected DM: ≥ 6.1 
mmol/L 

 Repeat FBG or 
laboratory HbA1c test 

4 Urine dipstick Nurse/doctor 2 minutes Indonesia: UNPAD 
Romania: Runcu lab, VB lab 

0, Trace, 1+, 2+, 3+, 4+ Trace, 1+, 2+, 3+, 4+ Confirmatory screening 
or diagnostic test 

5 POC glycated haemoglobin 
(HbA1c) 

Nurse/doctor 5 minutes Indonesia: UNPAD 
Romania: Runcu, VB 

 4 to 14%  ≥ 6.5% Diagnostic test 

6 Laboratory glycated 
haemoglobin (HbA1c) 

Clinical Pathology 
doctor or technician 

Indonesia: 24 hrs 
Romania: up to 10 
days 

Indonesia: Prodia Private lab 
Romania: Bioclinica Private lab 

 NA ≥ 6.5% DM diagnosed 

TB-tuberculosis; DM-diabetes mellitus; NA-not available; BMI-body mass index; EDTA-Ethylenediaminetetraacetic acid; POC-point of care; mins-minutes 
RSHS-Hasan Sadikin Hospital; H#1-Hospital #1 (The Emergency County Hospital, Craiova); H#2-Hospital #2 (The Craiova Philanthropic Municipal Hospital); BLK-Balai Laboratorium Kesehatanl; VB-
The Victor Babes Clinical Hospital for Infectious Diseases and Pneumology; Runcu-The Tudor Vladimirescu Runcu Hospital for Lung Diseases; UNPAD- Universitas Padjadjaran; CXR-chest x-ray; 
MODS-microscopic observation drug susceptibility
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Appendix R: Overhead cost composition for mean costs of screening and diagnostic 
tests in Indonesia and Romania 

Capital overhead costs 

For the Balai Laboratorium Kesehatan (BLK) building in Indonesia, the capital overhead costs for 

the sputum collection, Ziehl-Neelsen (ZN) smear and culture (MODS) tests include the 

maintenance of the buildings, computers and vehicles; the current value of the land and 

building; and other assets such as computers, furniture and vehicles. At the Hasan Sadikin 

Hospital (RSHS), capital overhead costs include building maintenance; the current value of the 

land and building; and other assets such as computers, general medical and non-medical 

equipment and vehicles. 

The capital overhead costs for the TB symptom screen, chest x-ray and tuberculin skin tests 

performed at Hospital #1 and Hospital #2 in Romania include the building maintenance; and 

assets such as furniture and general medical equipment. Hospital #2 includes additional costs of 

computers general non-medical equipment and vehicles. The costs at Victor Babes Hospital for 

sputum collection, smear microscopy (Z-N) and culture (Lowenstein-Jensen) only includes the re-

sale value of the entire hospital. 

Recurrent overhead costs 

At BLK in Indonesia, recurrent overhead costs include utilities, laundry services, sterilisation, 

cleaning, general office supplies and transportation. At RSHS, only utilities are included. 

In Romania, the recurrent overhead costs at Hospital #1 and Hospital #2 include utilities, linens, 

uniforms, sterilisation, cleaning, general office supplies, medical and laboratory supplies, 

transportation, rent, and general operations (administrative). The recurrent overhead costs at 

the Victor Babes hospital include utilities only. 
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Appendix S: Characteristics of patients screened - narrative 

Methods 

The characteristics of patients with TB and DM being screened for concurrent disease were 

evaluated by descriptive analysis (frequencies and proportions), followed by Student’s t-test and 

Pearson’s chi-square. The dependent variable was TB or DM cohort at baseline before bi-

directional screening. Independent variables were age, sex, ethnicity, marital status, having a bank 

account, education level and work status. To assess whether any characteristics were associated 

with disease status (TB patients versus DM patients) after adjustment for confounding, 

multivariate analysis was performed using a multiple logistic regression model including all 

independent variables, separately for Indonesia and Romania. 

Results 

The age, sex, marital status, education level and work status were all significantly different 

between the DM and TB cohorts in both countries. Mean age of people with DM was higher in 

both Indonesia and Romania (59 and 58 years, respectively) than for people with TB (40 and 44 

years, respectively) (Appendix T). With each year of life, the likelihood of developing DM 

increased by 11% in Indonesia and 6% in Romania (Appendix U). While the proportion of females 

was larger than males in people with DM (63% in Indonesia and 53% in Romania), the majority of 

patients with TB were male (57% and 71%, respectively). In both countries, unmarried people 

were more likely to have TB than married people (86% versus 42% in Indonesia and 60% versus 

40% in Romania, p<0.001). This association persisted when controlling for age using a logistic 

regression (OR=2.97 and 1.48, respectively). People who attended college or above were more 

likely to have DM than any other education level (73%, p<0.001) (Appendix U). Students and 

unemployed people were 1.91 and 2.45 times more likely to have DM than those in paid 

employment in Indonesia and Romania, respectively (95% CI 1.27-2.87, p=0.002 and 95% CI 1.66-

3.62, p<0.001). 

Ethnicity and having a bank account were statistically different between people with TB and those 

with DM in Indonesia only. The ethnic distribution of patients did not proportionally represent 

that of the respective countries, but the majority ethnic groups (84% Sundanese in Indonesia and 

98% Romanian in Romania) reflected the demographic composition of the study regions.(Badan 

Pusat Statistik (Statistics Indonesia) et al., 2013, National Institute of Statistics, 2011) In Indonesia, 

Sunda were more likely to have TB than Jawa or other Indonesian ethnicities (51% versus 37% or 

40%, p<0.001).  
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Appendix T: Patient characteristics for people screened in TANDEM study, Indonesia 
and Romania 2013-2016 

  INDONESIA ROMANIA 

 
People with 

DM 
People with 

TB p-value* 

People with 
DM 

People with 
TB p-value* 

(n=809) (n=771)  (n=603)  (n=504) 

Age, mean (SD) (in years) 58.6 (10.3) 39.7 (14.3) <0.001α 58.2 (11.9) 43.6 (16) <0.001α 

Sex (female), count (%) 511 (63.2) 332 (43.1) <0.001 321 (53.2) 146 (29) <0.001 

Ethnicity, count (%) 
Sunda 649 (80.2) 674 (87.4) 

<0.001   Jawa 104 (12.9) 60 (7.8) 
Other Indonesian ethnicities 56 (7.0) 37 (4.9) 
Romanian 

  
588 (97.5) 491 (97.4) 

0.097β 
Rroma 7 (1.2) 12 (2.4) 

Education level, count (%) 
No formal schooling 12 (1.5) 7 (0.9) 

<0.001 

10 (1.7) 8 (1.6) 

<0.001 

Some primary school 55 (6.8) 66 (8.6) 8 (1.3) 2 (0.4) 
Primary school completed 182 (22.5) 178 (23.1) 66 (11) 38 (7.5) 
Secondary school completed 153 (18.9) 150 (19.5) 201 (33.3) 98 (19.4) 
High school completed 229 (28.3) 306 (39.7) 247 (41) 327 (64.9) 
College/University completed 159 (19.7) 62 (8) 58 (9.6) 27 (5.4) 
Postgraduate degree 19 (2.4) 2 (0.3) 3 (0.5) 0 (0) 
Unknown 0 (0) 0 (0) 10 (1.7) 4 (0.8) 

Married (yes), count (%) 771 (95.3) 552 (71.6) <0.001 471 (78.1) 315 (62.5) <0.001 
Bank account (yes), count (%) 345 (42.7) 226 (29.3) <0.001 178 (29.5) 150 (29.8) 0.835 
Work status, count (%) 

Government employee 46 (5.7) 8 (1) 

<0.001 

16 (2.7) 11 (2.2) 

<0.001 

Private sector employee 53 (6.6) 265 (34.4) 67 (11.1) 95 (18.9) 

Self employed 104 (12.9) 163 (21.1) 10 (1.7) 92 (18.3) 

Volunteer or unpaid 12 (1.5) 4 (0.5) 6 (1) 27 (5.4) 

Student 0 (0) 27 (3.5) 2 (0.3) 22 (4.4) 

Homemaker 353 (43.6) 215 (27.9) 112 (18.6) 126 (25) 

Retired 165 (20.4) 13 (1.7) 361 (59.9) 102 (20.2) 

Unemployed (able to work) 21 (2.6) 53 (6.9) 18 (3) 18 (3.6) 

Unemployed (unable to work) 55 (6.8) 23 (3) 0 (0) 0 (0) 

Unknown NA NA NA NA 11 (1.8) 11 (2.2) 
*Pearson’s chi-squared test, unless otherwise stated 
αStudent t-test for continuous age variable 
βFisher’s exact test (1-sided) 
NA-not applicable
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Appendix U: Multivariate analysis, Indonesia and Romania 2013-2016 

  Indonesia   Romania 

Variable OR* (95% CI)   OR* (95% CI) 

Age 1.11 (1.10-1.13)  1.06 (1.05-1.07) 

Sex 

Female Reference  Reference 

Male 0.31 (0.21-0.45)  0.38 (0.28-0.52) 

Ethnicity 

Sunda Reference  

  

Jawa 1.33 (0.85-2.06)  
Other Indonesian ethnicities 1.5 (0.80-2.83)        

Romanian 

  
 Reference 

Roma  0.58 (0.20-1.68) 

Education level 

No more than primary school 
completed Reference  Reference 

Between secondary and high 
school completed 2.07 (1.52-2.83)  1.29 (0.77-2.15) 

College and above 4.84 (2.93-8.00)  3.74 (1.75-8.02) 

Marital status 

Married 2.97 (1.81-4.90)  1.48 (1.04-2.09) 

Not married Reference  Reference 

Bank account 

Yes 1.23 (0.90-1.70)  1.01 (0.72-1.42) 

No Reference  Reference 

Work status 

Paid employment Reference  Reference 

Unpaid employment 1.19 (0.81-1.75)  1.52 (1.00-2.33) 

Unemployed/Student 1.91 (1.27-2.87)   2.45 (1.66-3.62) 

*Reference is disease status = TB      
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Concurrent Tuberculosis and Diabetes Mellitus: unraveling the causal 
link and improving care 

 

Operational Feasibility Questionnaire: diabetes screening tests 

- TANDEM nursing staff  
 

INFORMATION SHEET: 

 

The objective of this questionnaire is to determine the acceptability, accessibility and feasibility of 

performing the diabetes (DM) screening tests on tuberculosis (TB) patients within the TANDEM project. It is 

hoped that these questions will determine how to successfully implement DM screening tests into routine 

TB services in the future. 

You will be asked to complete this questionnaire twice: near the beginning of the TANDEM study and again 

shortly before the end of the TANDEM study.  

All responses will be kept confidential and any publication will attribute responses to broad professional 

categories, not individuals. Only members of the TANDEM team will view the completed questionnaires. 

 

If, after this interview has ended, you have any further questions or wish to withdraw your responses, please 

contact:  

 

Ms. Yoko Laurence   

(PhD candidate – health economics) 

Phone: +44 753 111 4253  

E-mail: yoko.laurence@lshtm.ac.uk  

Websites: www.lshtm.ac.uk  

    www.tandem-fp7.eu 

	

Appendix V: Operational feasibility questionnaire – diabetes screening tests for TANDEM clinic staff  

mailto:yoko.laurence@lshtm.ac.uk
http://www.lshtm.ac.uk/
http://www.tandem-fp7.eu/
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Concurrent Tuberculosis and Diabetes Mellitus: unraveling the causal 
link and improving care 

 

Operational Feasibility Questionnaire: diabetes screening tests 

- TANDEM nursing staff 
 

 

CONSENT FORM: 

 

I, _____________________________________ (participant name), agree to participate in this operational 

feasibility study and complete this questionnaire.  

I understand the purpose of this questionnaire.  

All of my questions or concerns have been addressed. 

 

 

PARTICIPANT NAME: __________________________________________________ (BLOCK LETTERS) 

 

 

SIGNATURE: _____________________________________________ 

 

 

 

 

 

 

INTERVIEWER NAME: __________________________________________________ (BLOCK LETTERS) 

 

 

SIGNATURE: _____________________________________________ 

 

 

DATE: _____________________________________
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Operational Feasibility Questionnaire: diabetes screening tests  

- TANDEM nursing staff 
 

START TIME: ____________________ (please record the start time of the interview) 
 

INSTRUCTIONS (to be read to the interviewee) 

 

I will read the questions to you and capture your response in this paper. Take as much time as you need to 

respond. Please answer the questions from your own perspective as it relates to your work in the TANDEM 

study.  

Study identifier  

1. Facility name __________________ 2. Date of interview 

|__|__|day|__|__|month|__|__|__|__|year 

 

3. Questionnaire 
number |__|__|__| 

 

 

  

 

Interviewee information 

 
4. 
5. 

 
First name: 
Surname:   

 
_________________ 
_________________ 

 
6. 

 
Gender:  

 Male       
 Female    

 

 

7. 
 
8.  

Date of birth 
 
Job title 
 

|__|__|day|__|__|month|__|__|__|__|year 
 
______________________________________ 
 

9.         Employer    
 TANDEM  
 University 
 Ministry of Health 
 Health facility/hospital      
 Other ____________________________________    
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Test 1: Point of care (POC) Random Capillary Blood Glucose (RCG) 

10. Is this test currently being done at your facility 
(outside the TANDEM project)? 

 
 

 No 
 Yes 
 

11. If no, what test is done in its place?   _______________________________________ 
 

12. Is use of the test reliant on an electricity 
supply? 
 
 

  No 
 Yes 
 

User friendliness: 

 Strongly 

agree 

Agree Neither agree 

nor disagree 

Disagree Strongly 

disagree 

13. This test is technically undemanding for you 5 4 3 2 1 

14. The amount of time needed for training in 

order for you to become proficient in using 

this test was acceptable 

5 4 3 2 1 

15. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

16. Minimal supervision is required for you to 

perform this test 

5 4 3 2 1 

17. This test has a direct result reading 5 4 3 2 1 

 

18. There are simple quality control checks 

 

 

5 4 3 2 1 

Training and test performance time: 

 

19. Before the start of the TANDEM project did you already know how to perform the RCG test?  

 No 
 Yes 

 

20. If yes, how long have you been performing this test? 

__________________ years ____________________months ______________________weeks 

21. How long did it take to learn the method for performing this test?  

_____________days ___________________hours _________________minutes 

22. How many times did you practice this test to learn the method?____________________ 

23. How long does it take you, on average, to perform the RCG test on one patient? ________________minutes 
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Patient participation and other issues: 

 

24. In general, are patients reluctant to have their finger pricked for this test? 

 No 
 Yes 

 

25. If yes, what are some of the issues? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

26. Have you ever had a compromised (e.g. damaged, lost or mislabelled) RCG test for the TANDEM project? 

 No 
 Yes 

 

27. If yes, please indicate the top three reasons for compromised RCG tests: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

28. How many RCG tests have you performed since the start of the TANDEM project? 

_______________________________________ 

29. Out of all the RCG tests that you have performed so far, how many have been compromised? 

_______________________________________________________________ 

30. How often has the POC RCG machine been maintained? 

 Never 
 _____________________________ times a month/ year (select ONE time division) 
 I don’t know 

 

31. If never, how often should the POC RCG machine be maintained? 

_____________________________ times a month/ year (select ONE time division) 

32. How often does the POC RCG machine break down? 
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 Never 
 _____________________________ times a month/ year (select ONE time division) 
 I don’t know 

 

33. On average, how long is the machine usually not working, when it breaks down? 

_________months ___________weeks ___________days ___________hours ___________minutes 

 I don’t know 
 Not applicable 

 

34. In your opinion, do you think this test is a useful way of diagnosing DM?  

 No 
 Yes 

 

35. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

36. Are there any additional comments you would like to make about the RCG test?  

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

___________________________________________________________
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Test 2: Fasting Blood Glucose (FBG) 

37. Is this test currently being done at your facility 
(outside the TANDEM project)? 

 
 

 No 
 Yes - go to question 35 
 Not applicable – go to question 35 
 

38. If no, what test is done in its place?   _______________________________________ 
 

39. Is use of the test reliant on an electricity 
supply? 

 
 

 No 
 Yes 
 

User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

40. This test is technically undemanding for you 5 4 3 2 1 

41. The amount of time needed for training in 

order for you to become proficient in using 

this test was acceptable 

5 4 3 2 1 

42. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

43. Minimal supervision is required for you to 

perform this test 

5 4 3 2 1 

44. This test has a direct result reading 5 4 3 2 1 

 

45. There are simple quality control checks 

 

5 4 3 2 1 

Training and test performance time: 

 

46. Before the start of the TANDEM project did you already know how to perform the FBG test? 

 No 
 Yes 

 

47. If yes, how long have you been performing this test? 

__________________ years ____________________months ______________________weeks 

48.How long did it take you to learn the method for performing this test? 

_____________days ___________________hours _________________minutes 

49. How many times did you practice this test to learn the method?____________________ 

50. How long does it take you, on average, to perform the FBG test on one patient (from starting the blood draw to storing 

the blood sample to be sent to the lab)? ________________minutes 
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Patient participation and other issues: 

 

51. Do patients usually comply with the fasting requirement for the FBG test? 

 No 
 Yes 
 Don’t know 

 

52. If the patient is required to return to a health facility the following day in order to ensure fasting is done, what is the 

usual reaction of patients to this request? (Describe) 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

53. How often are blood samples for FBG usually picked-up for delivery to the SUN laboratory? 

 Twice daily 
 Once daily 
 Once weekly 
 Other, specify _________________ times per day/week/month (select ONE) 

 

54. How long do the results take, on average, to be returned from the national public laboratory to the clinic?  

_________________ weeks __________________days ___________________hours 

55. When are patients told the results of the FBG test? 

 Never 
 Always 
 Only when outside the normal range 
 Other, specify _______________________________  

 

56. How long after the results are returned to the clinic from the national public laboratory are patients told the results?  

______________ months____________ weeks _____________days _______________hours ____________ minutes 

57. How are patients told the results?  

 Over the phone 
 Called and asked to visit the clinic for the results 
 Other, specify __________________________________  

 

58. Have you ever had a compromised (e.g. haemostasis, damaged, lost, mislabelled, due to machine failure, etc.) FBG 

sample for the TANDEM project? 

 No 
 Yes 
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59. If yes, please indicate the top three reasons for compromised FBG samples: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

60. How many FBG blood draws have you performed since the start of the TANDEM project? 

_______________________________________ 

61. Out of all the FBG samples that you collect so far, how many have been compromised? 

_______________________________________________________________ 

62. In your opinion, do you think this test is a useful way of diagnosing DM?  

 No 
 Yes 

 
63. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

64. Are there any additional comments you would like to make about the FBG test? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

___________________________________________________________
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Test 3: Urine dipstick 

65. Is this test currently being done at your facility 
(outside the TANDEM project)? 

 
 

 No 
 Yes – go to question 63 
 Don’t know – go to question 63 
 

66. If no, what test is done in its place?  
 

_______________________________________ 
 
 

67. Is use of the test reliant on an electricity 
supply? 

  No 
 Yes 

    

User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

68. This test is technically undemanding for you 5 4 3 2 1 

69. The amount of time needed for training in 

order for you to become proficient in using 

this test was acceptable 

5 4 3 2 1 

70. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

71. Minimal supervision is required for you to 

perform this test 

5 4 3 2 1 

72. This test has a direct result reading 5 4 3 2 1 

 

73. There are simple quality control checks 

 

5 4 3 2 1 

Training and test performance time: 

 

74. Before the start of the TANDEM project did you already know how to perform the urine dipstick test? 

 No 
 Yes 

 

75. If yes, how long have you been performing this test? 

__________________ years ____________________months ______________________weeks 

76. How long did it take you to learn the method for performing this test? 

_____________days ___________________hours _________________minutes 

77. How many times did you practice this test to learn the method?____________________ 
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78. How long does it usually take for patients to produce a urine sample?  

_______ hours _______minutes 

 Other, explain _______________________________________________________________ 
 

79. How long does it take you, on average, to perform the urine dipstick test for one patient (once you already have the 

sample from the patient)? 

_______ hours _______minutes _______seconds 

 

Patient participation and other issues: 

 

80. Do you have difficulty getting patients to agree to do the urine dipstick? 

 No 
 Yes 

 

 

81. If yes, what are some of the issues? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

82. Are the toilet facilities suitable for patients to give a urine sample?  

 No 
 Yes 

 

 

83. If no, what needs to be improved? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

84. Is there water easily available from the health facility for patients if they need it in order to give a urine sample? 

 No 
 Yes 
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85. If no, how can it be improved? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

86. Have you ever had a compromised (e.g. damaged, lost, mislabelled results or difficult to interpret reading when 

compared to manufacturer’s colour chart) urine sample for the TANDEM project? 

 No 
 Yes 

 

87. If yes, please indicate the top three reasons for compromised urine samples: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

 

88. How many urine dipstick tests have you performed since the start of the TANDEM project? 

_______________________________________ 

 

89. Out of all the urine dipstick tests that you have performed so far, how many have been compromised? 

_______________________________________________________________ 

 

90. In your opinion, do you think the urine dipstick is a useful way of diagnosing DM?  

 No 
 Yes 

 

91. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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______________________________________________________________________ 

 

92. Are there any additional comments you would like to make about the urine dipstick test? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

________________________________________________________
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Test 4: Point of care (POC) HbA1c test 

93. Is the POC HbA1c test offered at this health facility (outside of the TANDEM project)? 

 No 
 Yes – go to question 91 
 I don’t know – go to question 91 

94. If no, what test is done in its place?   
 
_______________________________________ 
 

95. Is use of the test reliant on an electricity 
supply? 

  No 
 Yes 
 

User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

96. This test is technically undemanding for you 5 4 3 2 1 

97. The amount of time needed for training in 

order for you to become proficient in using 

this test is acceptable 

5 4 3 2 1 

98. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

99. Minimal supervision is required for you to 

perform this test 

5 4 3 2 1 

100. This test has a direct result reading 5 4 3 2 1 

 

101. There are simple quality control checks 

 

5 4 3 2 1 

Training and test performance time: 

 

102. Before the start of the TANDEM project did you already know how to perform the POC HbA1c test? 

 No 
 Yes 

 

103. If yes, how long have you been performing this test? 

__________________ years ____________________months ______________________weeks 

104. How long did it take you to learn the method for performing this test? 

__________________days _________________hours ___________________minutes 

105. How many times did you practice this test to learn the method?____________________ 
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106. How long does it take you, on average, to get the results for each POC HbA1c test?  

______________________hours ____________________ minutes 

107. How many individual tests, on average, do you perform each week? ______________________  

 

Quality control: 

108. Is internal quality control done for the POC HbA1c test? 

 No – go to question 107 
 Yes 

 
109. If yes, how often do you do it? 

__________________________________ times per day/week/month (select ONE)? 

110. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

Logistics and other issues: 

111. Are patients usually willing to have their finger pricked? 

 No 
 Yes 

 
112. If no, what are the most common reasons for patient unwillingness? 
 
______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

113. Has a POC HbA1c sample for TANDEM ever been compromised (e.g. damaged, lost, mislabelled, machine failure, 

etc.) in the clinic? 

 No 
 Yes 
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114. If yes, please indicate the top three reasons for compromised POC HbA1c samples: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

115. How many POC HbA1c tests have you performed since the start of the TANDEM project? 

_______________________________________ 

116. Out of all the POC HbA1ctests that you have done so far, how many have been compromised? 

_______________________________________ 

117. How often has the POC HbA1c machine maintained? 

 Never 
 _____________________________ times a month/ year (select ONE time division) 
 I don’t know 

 

118. If never, how often should the POC HbA1c machine be maintained? 

_____________________________ times a month/ year (select ONE time division) 

119. How often does the POC HbA1c machine break down? 

 Never 
 _____________________________ times a month/ year (select ONE time division) 
 I don’t know 

 

 

120. On average, how long is the machine usually not working, when it breaks down? 

______________ years _____________months _______________weeks _________________days  

 I don’t know 
 Not applicable 

 

121. In your opinion, do you think the POC HbA1c is a useful way of diagnosing DM? 

 No 
 Yes 
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122. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

123. Are there any additional comments you would like to make about the POC HbA1c test? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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Test 5: Gold Standard – Laboratory HbA1c 

124. Is this test currently being done at your facility 
(outside the TANDEM project)? 

 
 

 No 
 Yes – go to question 121 
 Don’t know – go to question 121 
 

125. If no, what test is done in its place?   _______________________________________ 
 

126. Is use of the test reliant on an electricity 
supply? 

 
 

 No 
 Yes 
 

User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

127. This test is technically undemanding for you 5 4 3 2 1 

128. The amount of time needed for training in 

order for you to become proficient in this test 

is acceptable 

5 4 3 2 1 

129. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

130. Minimal supervision is required for you to 

perform this test 

5 4 3 2 1 

131. This test has a direct result reading 5 4 3 2 1 

132. There are simple quality control checks 

 

5 4 3 2 1 

Training and test performance time: 

 

133. Before the start of the TANDEM project did you already know how to perform the laboratory HbA1c test? 

 No 
 Yes 

 

134. If yes, how long have you been performing this test? 

__________________ years ____________________months ______________________weeks 

 

135. How long did it take you to learn the method for performing this test? 

__________________days _________________hours ___________________minutes 

136. How many times did you practice this test to learn the method?____________________ 

137. How long does it take you, on average, to perform each laboratory HbA1c test?  

______________________hours ____________________ minutes 
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138. How many individual tests, on average, do you perform each week? ______________________  

 

Patient participation and other issues: 

 

139. Do you have difficulty getting patients to agree to have their blood drawn for the laboratory HbA1c? 

 No 
 Yes 

 

140. If yes, what are some of the issues? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

141. How long after the patient’s sample is taken is the sample picked-up for delivery to the SUN laboratory? 

_________________hours _________________weeks ____________________days   

142. How long does it usually take to get the results from the national public laboratory? 

_________________ weeks ____________________days   

143. When are patients told the results of the laboratory HbA1c test? 

 Always 
 Only when outside the normal range 
 Other, please specify ______________________________ 

 
144. How long after the results are returned from national public laboratory are patients told the results?  

_____________ weeks _____________days _____________hours _____________minutes 

145. How are patients told the results? 

 Phone 
 Asked to visit the clinic 
 Other, please specify ______________________________ 

 

 

146. Have you ever had a compromised (e.g. damaged, lost or mislabelled) laboratory HbA1c sample for the TANDEM 

project? 

 No 
 Yes 

 

147. If yes, please indicate the top three reasons for compromised laboratory HbA1c samples: 

1. _______________________________________________________________ 
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_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

148. How many laboratory HbA1c tests have you performed since the start of the TANDEM project? 

_______________________________________ 

149. Out of all the laboratory HbA1ctests that you have done so far, how many have been compromised? 

_______________________________________________________________ 

150. In your opinion, do you think the laboratory HbA1c test is a useful way of diagnosing DM?  

 No 
 Yes 

 
151. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

152. Are there any additional comments you would like to make about the laboratory HbA1c test? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

END TIME: _____________________ (please record the end time of the interview) 

 



   
Questionnaire #: __________    

472 

 

 
Concurrent Tuberculosis and Diabetes Mellitus: unraveling the causal 

link and improving care 

 

Operational Feasibility Questionnaire: diabetes screening tests 

- Laboratory staff 
 

INFORMATION SHEET: 

 

The objective of this questionnaire is to determine the acceptability, accessibility and feasibility of 

performing the diabetes (DM) screening tests on tuberculosis (TB) patients within the TANDEM project. It is 

hoped that these questions will determine how to successfully implement DM screening tests into routine 

TB services in the future. 

You will be asked to complete this questionnaire twice: near the beginning of the TANDEM study and again 

shortly before the end of the TANDEM study.  

All responses will be kept confidential and any publication will attribute responses to broad professional 

categories, not individuals. Only members of the TANDEM team will view the completed questionnaires. 

 

If, after this interview has ended, you have any further questions or wish to withdraw your responses, please 

contact:  

 

Ms. Yoko Laurence   

(PhD candidate – health economics) 

Phone: +44 753 111 4253 (UK)  

E-mail: yoko.laurence@lshtm.ac.uk  

Websites: www.lshtm.ac.uk  

    www.tandem-fp7.eu 

 

	

Appendix W: Operational feasibility questionnaire – diabetes screening tests for laboratory staff 

mailto:yoko.laurence@lshtm.ac.uk
http://www.lshtm.ac.uk/
http://www.tandem-fp7.eu/
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Concurrent Tuberculosis and Diabetes Mellitus: unraveling the causal 
link and improving care 

 

Operational Feasibility Questionnaire: diabetes screening tests 

- Laboratory staff 
 

 

CONSENT FORM: 

 

I, _____________________________________ (participant name), agree to participate in this operational 

feasibility study and complete this questionnaire.  

I understand the purpose of this questionnaire.  

All of my questions or concerns have been addressed. 

 

 

PARTICIPANT NAME: __________________________________________________ (BLOCK LETTERS) 

 

 

SIGNATURE: _____________________________________________ 

 

 

 

 

 

 

INTERVIEWER NAME: __________________________________________________ (BLOCK LETTERS) 

 

 

SIGNATURE: _____________________________________________ 

 

 

DATE: _____________________________________
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Operational Feasibility Questionnaire: diabetes screening tests  

- Laboratory staff 
 

START TIME: ____________________ (please record the start time of the interview) 
 

INSTRUCTIONS (to be read to the interviewee) 

 

I will read the questions to you and capture your response on this paper. Take as much time as you need to 

respond. Please answer the questions from your own perspective as it relates to your work in the TANDEM 

study.  

Study identifier  

1. Facility name __________________ 2. Date of interview 

|__|__|day|__|__|month|__|__|__|__|year 

 

3. Questionnaire 
number 

|__|__|__| 

 
 

  
 

Interviewee information 

 
4. 
5. 

 
First name: 
Surname:   

 
_________________ 
_________________ 

 
6. 

 
Gender:  

 Male       
 Female    

 

 

7. 
 
8.  

Date of birth 
 
Job title 
 

|__|__|day|__|__|month|__|__|__|__|year 
 
______________________________________ 
 

9.         Employer    
 TANDEM   
 University 
 Ministry of Health 
 Health Centre/Hospital  
 Laboratory – public 
 Laboratory - private    
 Other ____________________________________    
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Test 1: Fasting Blood Glucose (FBG) 

10. Is this test currently being performed at your 
facility (outside the TANDEM project)? 

 
 

 No 
 Yes 

11. If no, what test is done in its place?   
 
_______________________________________ 

12. Is use of the test reliant on an electricity 
supply? 

 
 

 No 
 Yes 
 

User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

13. This test is technically undemanding 

for you 

 

5 4 3 2 1 

14. The amount of time needed for 

training in order for you to become 

proficient in this test is acceptable 

 

5 4 3 2 1 

15. The amount of time needed for you to 

perform this test is acceptable 

 

5 4 3 2 1 

16. Minimal supervision is required to 

perform this test 

 

5 4 3 2 1 

17. The analysis for this test has a direct 

result reading 

5 4 3 2 1 

 

18. 

 

There are simple quality control 

checks 

 

 

5 

 

4 

 

3 

 

2 

 

1 

Training and test performance time: 

 

19. Before the start of the TANDEM project did you already know how to perform the analysis of the FBG test?  

 No 
 Yes 

20. If yes, how long have you been performing this test? 

__________________ weeks ____________________months ______________________years 

21. How long did it take to learn the method for performing this test?  

__________________days _________________hours ___________________minutes 
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22. How many times did you practice this test to learn the method?____________________ 

 

23. How long does it take you, on average, to complete the paperwork (registration, insurance, payment, etc.) for each 

FBG test?  

______________________minutes _______________hours 

24. How long do the results take, on average, to be given to the patient (from the time the patient gives blood to collection 

of results)? 

_________________ weeks __________________days ___________________hours 

25. Is the analysis of the FBG done in batches? 

 No 
 Yes 

 

26. If no, how long does it take you, on average, to do the analysis for each FBG test?  

______________________minutes 

27. If yes, how many samples are analysed for FBG in each batch? 

______________________________ 

28. How long, on average, does it take you to complete the analysis of one batch? 

______________________minutes _______________hours 

29. How many batches or individual tests, on average, are run each day? (Select ONE below and state average 

number) 

 Batches ______________ 
 Individual tests ______________________  

 

Quality control: 

30. Is internal quality control done for the FBG test? 

 No 
 Yes 

 
31. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

32. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

33. How much time is spent on the internal quality control and calibration process for batch 1 of tests? 

_______________hours ______________minutes __________________seconds 

34. Number of tests in batch 1 ___________________ 

 

35. If applicable, how much time is spent on the internal quality control and calibration process for batch 2 of tests? 

_______________hours ______________minutes __________________seconds 

36. Number of tests in batch 2 ___________________ 

Logistics and other issues: 

37. Do patients usually comply with the fasting requirements (e.g. return the following day) for the FBG test? 

 No 
 Yes 
 Do not know  

 
38. If no, please state reasons for not complying. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 
39. Are the samples usually of good quality (whole blood, plasma, etc.)? 

 No 
 Yes 

 
40. If no, why are they not usually of good quality? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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41. Are the samples usually sufficient for the test (e.g. volume)? 

 No 
 Yes 

 
42. If no, why? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

43. Has an FBG sample ever been compromised (e.g. damaged, lost, mislabelled) in your laboratory? 

 No 
 Yes 

 

44. If yes, please indicate the top three reasons for compromised FBG samples: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

45. How many FBG tests have you analysed since the start of the TANDEM project? 

_______________________________________ 

46. Out of all the FBG samples that you analysed so far, how many have been compromised? 

_______________________________________________________________ 

47. In your opinion, do you think the FBG is a useful way of diagnosing DM? 

 No 
 Yes 

 
48. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 
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______________________________________________________________________ 

______________________________________________________________________ 

49. Are there any additional comments you would like to make about the laboratory FBG test?  

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

END TIME: _____________________ (please record the end time of the interview)
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Test 2: Gold Standard - Laboratory HbA1c test 
 

50. Is the laboratory HbA1c test (outside of the TANDEM project) offered at this health facility? 

 No 
 Sometimes 
 Yes 
 I don’t know 

 
51. If yes, please respond to the statement:  

 Strongly 

agree 

Agree Neither agree 

nor disagree 

Disagree Strongly 

disagree 

 The laboratory HbA1c test is always available 

at this facility 

5 4 3 2 1 

52. If no, what test is done in its place?   _______________________________________ 
 

53. If sometimes, why is it not available? 

 Faulty machinery 
 Reagents unavailable 
 Other, please explain_________________________________________________________ 

 

54. If a laboratory HbA1c test is not available at the facility, how far from this health facility is the closest facility at which 

patients would get the test done? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

55. What kind of facility is it? 

 Private 
 Another public health centre 
 Other, specify_______________________________________ 

 

56. What proportion of patients are not able to get a prescribed laboratory HbA1c at this facility? 

_____________________________% 

57. Is use of the test reliant on an electricity 
supply? 

 
 

 No 
 Yes 
 

User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

58. This test is technically undemanding for you 5 4 3 2 1 
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59. The amount of time needed for training in 

order for you to become proficient in this test 

is acceptable 

5 4 3 2 1 

60. The amount of time needed for to perform 

this test is acceptable 

5 4 3 2 1 

61. Minimal supervision is required for you to 

perform this test 

5 4 3 2 1 

62. This test has a direct result reading 5 4 3 2 1 

63. There are simple quality control checks 

 

5 4 3 2 1 

Training and test performance time: 

 

64. Before the start of the TANDEM project did you already know how to perform the laboratory HbA1c test? 

 No 
 Yes 

 

65. If yes, how long have you been performing this test? 

__________________ years ____________________months ______________________weeks 

 

66. How long did it take you to learn the method for performing this test? 

__________________days _________________hours ___________________minutes 

67. How many times did you practice this test to learn the method?____________________ 

68. How long does it take you, on average, to do the paperwork for each batch of laboratory HbA1c tests? 

______________ hours _______________ minutes 

69. Is the analysis of the laboratory HbA1c done in batches? 

 No 
 Yes 

 
70. If no, how long does it take you, on average, to do the analysis for each laboratory HbA1c test?  

______________________minutes 

70. If yes, how many samples are analysed for laboratory HbA1c in each batch? 

______________________________ 

72. How long, on average, does it take you to complete the analysis of one batch? 

______________________ hours _______________ minutes 

73. How many batches or individual tests, on average, do you run each day? (Select ONE below and state average 

number) 
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 Batches ______________ 
 Individual tests ______________________  

 

Quality control: 

 

74. Is internal quality control done for the laboratory HbA1c test? 

 No 
 Yes 

 
75. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

76. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

77. How much time do you spend on the internal quality control and calibration process for batch 1 of tests? 

_______________hours ______________minutes __________________seconds 

78. Number of tests in batch 1 ___________________ 

 

79. How much time do you spend on the internal quality control and calibration process for batch 2 of tests? 

_______________hours ______________minutes __________________seconds 

80. Number of tests in batch 2 ___________________ 

 

Logistics and other issues: 

81. Do you generally receive samples in a timely manner? 

 No 
 Yes 

 
82. Are the samples usually of good quality (whole blood, plasma, etc.)? 

 No 
 Yes 
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83. If no, why are they not usually of good quality? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

84. Are the samples usually sufficient for the test (e.g. volume)? 

 No 
 Yes 

 
85. If no, why? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 
86. Has a laboratory HbA1c sample for TANDEM ever been compromised (e.g. damaged, lost, mislabelled, due to 

machine failure, etc.) in your laboratory? 

 No 
 Yes 

 

87. If yes, please indicate the top three reasons for compromised laboratory HbA1c samples: 

1. _______________________________________________________________ 

2. _______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

88. Out of every 25 laboratory HbA1c samples that you analyse, how many are compromised? 

_______________________________________________________________ 

89. In your opinion, do you think this test is a useful way of diagnosing DM? 

 No 
 Yes 

 
90. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 
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______________________________________________________________________ 

______________________________________________________________________ 

 

91. Are there any additional comments you would like to make about the laboratory HbA1c test?  

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

END TIME: _____________________ (please record the end time of the interview) 
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TEAR OFF AND GIVE THIS PAGE TO INTERVIEWEE 

 

 

Concurrent Tuberculosis and Diabetes Mellitus: unraveling the causal link 
and improving care 

 

Operational Feasibility Questionnaire: tuberculosis screening and diagnostic tests 

- Clinic staff  
 

INFORMATION SHEET: 

 

The objective of this questionnaire is to determine the acceptability, accessibility and feasibility of performing 

the tuberculosis (TB) screening and diagnostic tests on patients with diabetes mellitus (DM) within the 

TANDEM project. It is hoped that these questions will determine how to successfully implement TB screening 

and diagnostic tests into routine DM services in the future. 

All responses will be kept confidential and any publication will attribute responses to broad professional 

categories, not individuals. Only members of the TANDEM team will use this information.  

 

If, after this interview has ended, you have any further questions or wish to withdraw your responses, please 

contact:  

 

Ms. Yoko Laurence   

(Health Economist) 

Phone: +44 753 111 4253 (UK)  

E-mail: yoko.laurence@lshtm.ac.uk  

Websites: www.lshtm.ac.uk  

    www.tandem-fp7.eu 

 

	

Appendix X: Operational feasibility questionnaire – tuberculosis screening tests for clinic staff 

mailto:yoko.laurence@lshtm.ac.uk
http://www.lshtm.ac.uk/
http://www.tandem-fp7.eu/
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Concurrent Tuberculosis and Diabetes Mellitus: unraveling the causal link 
and improving care 

 

Operational Feasibility Questionnaire: tuberculosis screening and diagnostic tests 

- Clinic staff 
 

 

CONSENT FORM: 

 

I, _____________________________________ (participant name), agree to participate in this operational 

feasibility study and complete this questionnaire.  

I understand the purpose of this questionnaire.  

All of my questions or concerns have been addressed. 

 

 

PARTICIPANT NAME: __________________________________________________ (BLOCK LETTERS) 

 

 

SIGNATURE: _____________________________________________ 

 

 

 

 

 

 

INTERVIEWER NAME: __________________________________________________ (BLOCK LETTERS) 

 

 

SIGNATURE: _____________________________________________ 

 

 

DATE: _____________________________________
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Operational Feasibility Questionnaire: tuberculosis screening and diagnostic tests 

- Clinic staff 
 

START TIME: ____________________ (please record the start time of the interview) 
 

INSTRUCTIONS (to be read to the interviewee) 

 

I will read the questions to you and capture your response on this paper. Take as much time as you need to 

respond. Please answer the questions from your own perspective as it relates to your work in the TANDEM 

study.  

 

Study identifier 

1. Facility name   ______________________________________ 

2. Date of interview   |___|___|day|___|___|month|___|___|___|___|year 

3. Questionnaire number |___|___|___| 

Interviewee information 

4. First name  ______________________ 

5. Surname  ______________________ 

6. Gender              Male 

           Female 

7. Date of birth  |___|___|day|___|___|month|___|___|___|___|year 

8. Job title   ______________________________________ 

9. Employer   TANDEM 

Universidad Peruana Cayetano Heredia 

Health Centre 

Other, please specify ____________________________  
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Test 1: TB symptom screen 

 

 

 

 

 

 

 

 

 

 

10. Is any TB symptom screen test currently being done routinely at your facility (outside the TANDEM project)? 

              No 

Yes 

Don’t know 

 

11. If no, is any TB screen in patients with DM done in its place?   

No 

Yes 

 

12. If yes, what is done in its place?  ___________________________________ 

 

 

 

 

TB symptom screen includes questions on: 

Cough (recent) 

Cough duration 

Sputum production 

Blood in sputum 

Breathlessness upon exertion 

Night sweats 

Unintentional weight loss or gain 

When started to feel ill 

Previous TB diagnosis 

Previous TB treatment 
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User friendliness: 

 Strongly 

agree 

Agree Neither agree 

nor disagree 

Disagree Strongly 

disagree 

13. This test is technically undemanding for you 5 4 3 2 1 

14. The amount of time needed for training in 

order for you to become proficient in 

performing this test was acceptable 

5 4 3 2 1 

15. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

16. Minimal supervision is required for you to 

perform this test 

5 4 3 2 1 

17. This test has a direct result reading 5 4 3 2 1 

 

18. There are simple quality control checks 

 

5 4 3 2 1 

 

19. Patients find the questions easy to 

understand 

5 4 3 2 1 

 

       

Training and test performance time: 

 

20. Before the start of the TANDEM project did you already know how to perform the TB symptom screen?  

 No 
 Yes 

 

 

21. If yes, how long have you been performing the screen? 

__________________ years ____________________months ______________________weeks 

22. How long does it take you, on average, to perform the TB symptom screen on one patient? ________________minutes 

 

23. How many times, on average, do you perform the TB symptom screen per week (TANDEM and non-TANDEM)?    

______________________________ 

24. Are there sufficient skilled personnel to perform TB symptom screens of patients with DM in each site if this was rolled 

out into routine practice?  

 No 
 Yes 
 Don’t know 
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Patient participation and other issues: 

 

25. Approximately what proportion of patients with DM are willing to be symptom screened for TB? 

_____________________________________% 

Don’t know 

 

26. What are some of the reasons for unwillingness to be screened? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

27. In general, do patients with DM have difficulty answering any of the questions in the TB symptom screen? 

 No 
 Yes 

 

 

28. Which questions are the most difficult? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

29. Approximately how many TB symptom screens in patients with DM have you performed since the start of the TANDEM 

project? 

_______________________________________ 
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30. In your opinion, do you think this is a useful way of screening for TB in patients with DM?  

 No 
 Yes 

 

 

31. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

. 

32. Are there any additional comments you would like to make about the TB symptom screen?  

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

___________________________________________________________
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Test 2: Chest x-ray (CXR) – REFERRAL ONLY 
 

33. Is the CXR routinely available at this health facility (outside of the TANDEM project)? 

 Yes, go to #34 
 No, go to #35 
 I don’t know, go to #39 

 
34. If yes, is the CXR routinely prescribed at this clinic (outside of the TANDEM project)? 

 Yes, go to #39 
 No, go to #35 

 

35. If no to #33 or #34, why is the CXR not available or prescribed? 

 No x-ray machine 
 Never part of the diagnosis algorithm for patients at this clinic 
 Faulty machinery 
 Supplies unavailable 
 Trained staff unavailable 
 Other, please explain_________________________________________________________ 

 

36. If no to #33, how far from this health facility is the closest facility at which patients would get one done? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

37. What kind of facility is it? 

 Private 
 Another public health centre 
 Other, specify_______________________________________ 

 

38. Approximately what proportion of patients are not able to get a prescribed CXR at this facility due to the issues in 35 

above? 

_____________________________%. 

 Don’t know 
 
 

39. Is an electricity supply needed to perform a CXR referral? 
 No 
 Yes 

 
 

  
 

40. Do you refer patients to the radiology department for CXRs? 
 No 
 Yes 
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41. If no, who refers them?  ____________________________________ 

  

42. Do you interpret the CXR? 
 No 
 Yes 

 

  

43. If no, who interprets it? ____________________________________ 
 
 

User friendliness of CXR referral (answer ONLY if conducting CXR referrals): 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

44. After the symptom screen it is easy to know 

whether a patient should be referred for a 

CXR 

5 4 3 2 1 

45. The amount of time needed for training in 

order for you to become proficient in knowing 

when to refer a patient for a CXR was 

acceptable 

5 4 3 2 1 

46. The amount of time needed for you to decide 

whether to refer a patient with DM for a CXR 

(using the screening algorithm) is acceptable 

5 4 3 2 1 

47. Minimal supervision is required for you to 

decide whether to refer a patient for a CXR 

5 4 3 2 1 

48. The algorithm for referring a patient for a 

CXR has a direct result 

5 4 3 2 1 

 

49. 

 

There is supervision of junior staff to ensure 

correct referral of a patient for a CXR 

 

 

 

5 4 3 2 1 

Training and test performance time (for CXR referral – answer ONLY if conducting CXR referrals): 

50. Before the start of the TANDEM project did you already have criteria for referring a DM patient for a CXR to screen 

for TB? 

 No 
 Yes 
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51. If no, how is the decision made to send DM patients for a CXR if there is a suspected respiratory illness? 

____________________________________________________________ 

____________________________________________________________ 

____________________________________________________________ 

____________________________________________________________ 

____________________________________________________________ 

52. If yes, how long have these criteria existed at your facility? 

__________________ years ____________________months ______________________weeks 

 Don’t know 
 

53. If yes, what are the TB screening criteria for CXR referral (in patients with DM) at your facility? 

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  

_____________________________________________________________  

54. How long does it take you, on average, to refer one patient with DM for a CXR?  

________________minutes ________________hours ________________days 

 

Patient participation and other issues: 

 

55. Approximately what proportion of patients with DM comply with the request to go for a CXR? 

_____________________________________% 

 Don’t know 
 

56. What are some of the reasons for non-compliance?  

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 
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_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

57. Approximately what proportion of patients with DM have to return to the health facility in order to get the CXR? 

_____________________________________% 

 

58. How long does it take, on average, for CXR results (for patients with DM) to be returned from the radiology 

department to the clinician (to be interpreted or with the interpretation report)? 

_________________ weeks __________________days ___________________hours 

59. What is the format of the CXR? 

 Film 
 Electronic 
 Other, please specify _______________________________ 

  
60. How are the results of the CXR returned to the DM clinic (from where the patient was first referred)? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or radiology ______________________ 
 Online system 
 E-mail 
 Other, please specify _______________________________  

 
61. When are patients with DM told the results of the CXR? 

 Never 
 Always 
 Only when there is an abnormal reading 
 Only if they ask for it 
 Other, please specify _______________________________  

 

62. To the best of your memory, how long after the results are returned to the clinic are patients with DM told the 

results? – MINIMUM time 

______________ months____________ weeks _____________days _______________hours ____________ minutes 

63. To the best of your memory, how long after the results are returned to the clinic are patients with DM told the 

results? – MAXIMUM time 

______________ months____________ weeks _____________days _______________hours ____________ minutes 

64. How are patients with DM told the results?  

 In person during their next scheduled visit at the clinic 
 Over the phone 
 Called and asked to visit the clinic for the results 
 Other, specify __________________________________  

 



Questionnaire #: __________    

 497 

65. Have you ever had a compromised (e.g. damaged, lost, mislabelled, incorrectly performed, etc.) DM patient CXR 

for the TANDEM project? 

 No 
 Yes 

 

66. If yes, please indicate the top three reasons for compromised CXRs (for patients with DM): 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 

67. Approximately how many patients with DM have you referred for a CXR since the start of the TANDEM project? 

___________________________patients 

68. Out of all the CXRs that you ordered so far, approximately how many have been compromised? 

_______________________________________________________________ 

69. In your opinion, do you think the CXR is a useful way of screening patients with DM for TB?  

 No 
 Yes 

 
70. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

71. Are there any additional comments you would like to make about the CXR? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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______________________________________________________________________ 

______________________________________________________________________ 

___________________________________________________________
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Test 2: Chest x-ray (CXR) – Interpretation/reading by clinician or pulmonologist 
 

72. Is the CXR routinely available at this health facility (outside of the TANDEM project)? 

 Yes, go to #73 
 No, go to #74 
 I don’t know, go to #78 

 
73. If yes, is the CXR routinely prescribed at this clinic (outside of the TANDEM project)? 

 Yes, go to #78 
 No, go to #74 

 

74. If no to #72 or #73, why is the CXR not available or prescribed? 

 No x-ray machine 
 Never part of the diagnosis algorithm for patients at this clinic 
 Faulty machinery 
 Supplies unavailable 
 Trained staff unavailable 
 Other, please explain_________________________________________________________ 

 

75. If no to #72, how far from this health facility is the closest facility at which patients would get one done? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

76. What kind of facility is it? 

 Private 
 Another public health centre 
 Other, specify_______________________________________ 

 

77. Approximately what proportion of patients are not able to get a prescribed CXR at this facility due to the issues in 74 

above? 

_____________________________%. 

 Don’t know 
 
 

78. Is an electricity supply needed to perform a CXR? 
 No 
 Yes 

 
 

  
 

79. Do you refer patients to the radiology department for CXRs? 
 No 
 Yes 
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80. If no, who refers them?  ____________________________________ 

  

81. Do you interpret the CXR? 
 No 
 Yes 

 

82. If no, who interprets it? ____________________________________ 
 

User friendliness of CXR INTERPRETATION (answer ONLY if interpreting CXRs): 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

83. The CXR is technically undemanding for you 

to interpret 

5 4 3 2 1 

84. The amount of time needed for training in 

order for you to become proficient in 

interpreting the CXR was acceptable 

5 4 3 2 1 

85. The amount of time needed for you to 

interpret the CXR is acceptable 

5 4 3 2 1 

86. Minimal supervision is required for you to 

interpret the CXR 

5 4 3 2 1 

87. The CXR has a direct result reading 5 4 3 2 1 

 

88. There are quality control checks of the CXR 

reading 

 

5 4 3 2 1 

Training and test performance time (for CXR INTERPRETATION – answer ONLY if interpreting CXRs): 

 

89. Before the start of the TANDEM project did you already know how to interpret a CXR for TB in patients with DM? 

 No 
 Yes 

 

90. If yes, how long have you been performing this? 

__________________ years ____________________months ______________________weeks 

91. Approximately how long did it take you to learn to interpret CXRs in patients with DM? 

_____________days ___________________hours _________________minutes 

92. Approximately how many times did you practice interpreting CXRs in patients with DM to learn the method? 

____________________ 

93. How long does it take you, on average, to interpret the CXR for one patient with DM (from reading to writing a 

report)? ________________minutes 
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94. Are there sufficient skilled personnel to interpret these x-rays of patients with DM at this facility if this screening 

algorithm was rolled out into routine practice?  

 No 
 Yes 
 Don’t know 
 
 

Patient participation and other issues: 

 

95. Approximately what proportion of patients with DM do not comply with the request to come for a CXR? 

_____________________________________% 

 Don’t know 
 

 

96. What are some of the reasons for non-compliance?  

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

 

97. Approximately what proportion of patients with DM have to return to the radiology department in order to get the 

CXR? 

_____________________________________% 

 Don’t know 
 

 

98. How long does it take, on average, for CXR results (for patients with DM) to be returned from the radiology 

department to the clinician (with the interpretation report)? 

_________________ weeks __________________days ___________________hours 

 

99. What is the format of the CXR? 

 Film 
 Electronic 
 Other, please specify _______________________________ 
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100. How are the results of the CXR returned to the DM clinic (from where the patient was first referred)? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or radiology ______________________ 
 Online system 
 E-mail 
 Other, please specify _______________________________  

 
 

101. When are patients with DM told the results of the CXR? 

 Never 
 Always 
 Only when there is an abnormal reading 
 Only if they ask for it 
 If I remember 
 Other, please specify _______________________________  
 Don’t know 

 

 

102. How are patients with DM told the results?  

 In person during their next scheduled visit at the clinic 
 Over the phone 
 Called and asked to visit the clinic for the results 
 Other, specify __________________________________  
 Don’t know 

 

 

103. Have you ever had a compromised CXR (e.g. damaged, lost, mislabelled, incorrectly performed, etc.) for DM 

patients in the TANDEM project? 

 No 
 Yes 

 

104. If yes, please indicate the top three reasons for compromised CXRs (for patients with DM): 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

_______________________________________________________________ 
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105. Approximately how many CXR interpretations for patients with DM have you performed since the start of the 

TANDEM project? 

____________________________CXRs 

 

106. Out of all the CXRs that you interpreted so far for TANDEM, approximately how many have been compromised? 

_______________________________________________________________ 

 

107. In your opinion, do you think the CXR is a useful way of screening patients with DM for TB?  

 No 
 Yes 

 
 

108. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

109. Are there any additional comments you would like to make about the CXR? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

 

END TIME: _____________________ (please record the end time of the interview) 
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Test 3: Sputum collection  

110. Is sputum collection routinely done at the DM clinic in your health facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 
 
111. If no, why is it usually not done? 

 Never prescribed for DM patients 
 Trained staff unavailable (e.g. to instruct patients on proper sputum production techniques, etc.) 
 Inadequate infrastructure (e.g. no designated room for producing sputum, etc.) 
 Supplies unavailable (e.g. sputum pots, request forms, etc.) 
 Other, please explain_________________________________________________________ 
 Don’t know 

 

112. If no, what is done in its place?                                      _________________________________________ 

 

113. If sputum collection cannot be done at the clinic, how far is the closest space at which there is infrastructure for 

patients to produce a sputum sample? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

 

114. What kind of facility is it? 

 Another part of this facility or hospital 
 Private (lab or health centre) 
 Another public health centre 
 Other, specify_______________________________________ 

 

115. Approximately what proportion of patients who are required to provide a sputum sample are NOT able to do so at 

this facility due to the issues in 111 above? 

_____________________________% 

 Don’t know 
 
 

116. Is an electricity supply needed in order for patients to produce sputum? 
 No 
 Yes 
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User friendliness of sputum collection: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

117. Guiding patients with DM to produce a 

sputum sample is technically undemanding 

5 4 3 2 1 

118. The amount of time needed for training in 

order for you to become proficient in 

facilitating sputum production is acceptable 

5 4 3 2 1 

119. The amount of time needed for you to 

perform the sputum collection with the DM 

patient is acceptable 

5 4 3 2 1 

120. Minimal supervision is required for you to 

help a patient with DM produce sputum  

5 4 3 2 1 

121. There is a direct reading to indicate when the 

sputum sample is adequate 

5 4 3 2 1 

 

122. There are quality control checks for the 

sputum sample 

 

5 4 3 2 1 

Training and test performance time: 

 

123. Before the start of the TANDEM project did you already know how to perform sputum collection in patients with 

DM? 

 No 
 Yes 

 

124. If yes, how long have you been performing sputum collection? 

__________________ years ____________________months ______________________weeks 

125. How long did it take you to learn the method for sputum collection in patients with DM? 

__________________days _________________hours ___________________minutes 

126. How many times did you practice to learn how to correctly guide patients to produce sputum? 

____________________ 

127. From how many patients with DM, on average, do you collect sputum each week? ______________________  

128. How long does it take you, on average, to collect sputum from a patient with DM?  

___________________weeks ___________________days ______________________hours 
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129. Are there sufficient trained personnel to perform sputum collection at your DM clinic if AFB smear and MODS were 

rolled out into routine practice for DM patients with suspected TB? 

 No 
 Yes 

 

Quality control: 

130. Is quality control done for the sputum collected? 

 No  
 Yes 

 
131. If yes, how often do you do it? 

Every _______________patients? 

132. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

133. How much time is spent on the quality control for the sputum collection in patients with DM? 

_______________hours ______________minutes __________________seconds 

 

Patient participation and other issues: 

134. Approximately what proportion of patients with DM are willing or able to produce a sputum sample? 

_____________________________________% 

 
 
135. What are the most common reasons for patient unwillingness or inability to produce a sputum sample? 
 
______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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______________________________________________________________________ 

136. Are the facilities for sputum expectoration appropriate? 

 No 
 Yes 

 

137. If no, what needs to be improved? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

138. How long does it take, on average, for AFB smear results (for patients with DM) to be returned to the clinic from 

the laboratory? 

___________________ weeks ___________________ days ____________________ hours 

 

139. How long does it take, on average, for culture results (for patients with DM) to be returned to the clinic from the 

laboratory? 

___________________ weeks ___________________ days ____________________ hours 

 

140. How are the results of the AFB smear returned to the DM clinic (where the patient was first screened)? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or laboratory ______________________ 
 Online system 
 E-mail 
 Other, please specify _______________________________  

 
 

141. How are the results of the culture returned to the DM clinic (where the patient was first screened)? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or laboratory ______________________ 
 Online system 
 E-mail 
 Other, please specify _______________________________  
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142. When are patients with DM told the results of the AFB smear test? 

 Never 
 Always 
 Only when there is an abnormal result 
 Only if they ask for it 
 If I remember 
 Other, specify _______________________________  

 

 

142. When are patients with DM told the results of the culture test? 

 Never 
 Always 
 Only when there is an abnormal result 
 Only if they ask for it 
 If I remember 
 Other, specify _______________________________  

 

143. Approximately how long after the results are returned to the clinic from the laboratory are patients with DM told the 

AFB smear results?  

______________ months____________ weeks _____________days _______________hours ____________ minutes 

 

144. Approximately how long after the results are returned to the clinic from the laboratory are patients with DM told the 

culture results?  

______________ months____________ weeks _____________days _______________hours ____________ minutes 

 

145. How are patients with DM told the AFB smear results?  

 In person during their next scheduled visit at the clinic 
 Over the phone 
 Called and asked to visit the clinic for the results 
 Other, specify __________________________________  

 

146. How are patients with DM told the culture results?  

 In person during their next scheduled visit at the clinic 
 Over the phone 
 Called and asked to visit the clinic for the results 
 Other, specify __________________________________  

 

147. Has a sputum sample for TANDEM patients with DM ever been compromised (e.g. damaged, lost, mislabelled, 

equipment failure, etc.) in the clinic? 

 No 
 Yes 
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148. If yes, please indicate the top three reasons for compromised sputum samples: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

 

149. Approximately how many sputum samples from patients with DM have you collected since the start of the 

TANDEM project? 

_______________________________________ 

 

150. Out of all the sputum samples that you have collected so far in patients with DM, how many have been 

compromised? 

_______________________________________ 

151. In your opinion, do you think the AFB smear is a useful way of diagnosing TB? 

 No 
 Yes 

 

152. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

153. In your opinion, do you think culture is a useful way of diagnosing TB? 

 No 
 Yes 

 

154. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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155. Are there any additional comments you would like to make about sputum collection? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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Test 4: Quantiferon test for latent TB infection (QFT) – blood draw 

156. Is the QFT offered at this health facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know, go to #163 

 
157. If yes, is the QFT routinely prescribed at this clinic? 

 Yes 
 No 

 

158. If no, why is it usually not available or prescribed? 

 Never part of the diagnosis algorithm for patients at this clinic 
 Faulty equipment 
 Trained staff unavailable 
 Supplies unavailable 
 Other, please explain_________________________________________________________ 

 

159. If no, what test is done in its place?                 _________________________________________ 

 

160. If a QFT is not routinely available at the facility, how far from this health facility is the closest facility at which 

patients would get one done? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

 

161. What kind of facility is it? 

 Private 
 Another public health centre 
 A TB clinic 
 Other, specify_______________________________________ 

 

162. Approximately what proportion of patients are not able to get a prescribed QFT at this facility due to the issues in 

158 above? 

_____________________________% 

 

163. Is an electricity supply needed to perform the QFT test? 
 No 
 Yes 
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User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

164. This QFT blood draw is technically 

undemanding for you 

5 4 3 2 1 

165. The amount of time needed for training in 

order for you to become proficient in 

performing the QFT blood draw is acceptable 

5 4 3 2 1 

166. The amount of time needed for you to 

perform the QFT blood draw is acceptable 

5 4 3 2 1 

167. Minimal supervision is required for you to 

perform the QFT blood draw 

5 4 3 2 1 

168. The IGRA blood draw has a direct result 

reading when completed 

5 4 3 2 1 

 

169. There are simple quality control checks 

 

5 4 3 2 1 

Training and test performance time: 

 

170. Before the start of the TANDEM project did you already know how to perform the QFT test blood draw in patients 

with DM? 

 No 
 Yes 

 

171. If yes, how long have you been performing the blood draw for this test? 

__________________ years ____________________months ______________________weeks 

 

172. How long did it take you to learn how to perform the blood draw for this test? 

__________________days _________________hours ___________________minutes 

173. How many times did you practice the blood draw to learn the method? ____________________ 

 

174. How long does it take you, on average, to perform the blood draw for the QFT test?  

______________________hours ____________________ minutes 

175. How many individual tests, on average, do you perform each week? ______________________  

176. How long does it take, on average for the QFT blood sample to be delivered to the laboratory for analysis? 

__________________weeks _________________days ___________________hours 
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Quality control: 

177. Is supervision of junior staff done for the QFT test blood draw? 

 No 
 Yes 

 
178. If yes, how often do you do it? 

__________________________________ times per day/week/month (select ONE)? 

179. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

180. How long does this process take? 

_______________hours ______________minutes __________________seconds 

 

Patient participation and other issues: 

181. Approximately what proportion of patients with DM are willing to have their blood taken for the QFT test? 

_____________________________________% 

 
182. What are the most common reasons for patient unwillingness? 
 
______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

183. How long does it take, on average, for the results of the QFT test (for patients with DM) to be returned to the DM 

clinic from the laboratory? 

_________________ weeks __________________days ___________________hours 
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184. How are the results of the QFT returned to DM clinic (where the blood draw was done)? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or laboratory ______________________ 
 Online system 
 E-mail 
 Other, please specify _______________________________  

 
185. When are patients with DM told the results of the QFT test? 

 Never 
 Always 
 Only when there is an abnormal reading 
 Only if they ask for it 
 If I remember 
 Other, specify _______________________________  

 

186. Approximately how long after the results are returned to the clinic from the laboratory are patients with DM told the 

results?  

______________ months____________ weeks _____________days _______________hours ____________ minutes 

 

187. How are patients with DM told the results?  

 In person during their next scheduled visit at the clinic 
 Over the phone 
 Called and asked to visit the clinic for the results 
 Other, specify __________________________________  

 

 

188. Has a QFT sample for TANDEM ever been compromised (e.g. damaged, lost, mislabelled, equipment failure, etc.) 

in the clinic or laboratory? 

 No 
 Yes 

 

189. If yes, please indicate the top three reasons for compromised QFT samples: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 
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190. How many QFT blood draws have you performed on patients with DM since the start of the TANDEM project? 

_______________________________________ 

191. Out of all the QFT blood draws that you have done so far on patients with DM, how many have been 

compromised? 

_______________________________________ 

192. In your opinion, do you think the QFT is a useful way of diagnosing TB in patients with DM? 

 No 
 Yes 

 

193. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

194. Are there any additional comments you would like to make about the QFT test? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

 

 

END TIME: _____________________ (please record the end time of the interview) 
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TEAR OFF AND GIVE THIS PAGE TO INTERVIEWEE 

 

 
Concurrent Tuberculosis and Diabetes Mellitus: unraveling the causal link 

and improving care 

 

Operational Feasibility Questionnaire: tuberculosis screening and diagnostic tests 

- Laboratory staff 
 

INFORMATION SHEET: 

 

The objective of this questionnaire is to determine the acceptability, accessibility and feasibility of performing 

the tuberculosis (TB) screening and diagnosis tests on patients with diabetes mellitus (DM) within the 

TANDEM project. It is hoped that these questions will determine how to successfully implement TB screening 

and diagnosis tests into routine DM services in the future. 

All responses will be kept confidential and any publication will attribute responses to broad professional 

categories, not individuals. Only members of the TANDEM team will view the completed questionnaires. 

 

If, after this interview has ended, you have any further questions or wish to withdraw your responses, please 

contact:  

 

Ms. Yoko Laurence   

(Health Economist) 

Phone: +44 753 111 4253 (UK)  

E-mail: yoko.laurence@lshtm.ac.uk  

Websites: www.lshtm.ac.uk  

    www.tandem-fp7.eu 

 

	

Appendix Y: Operational feasibility questionnaire – tuberculosis screening tests for laboratory staff 

mailto:yoko.laurence@lshtm.ac.uk
http://www.lshtm.ac.uk/
http://www.tandem-fp7.eu/
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Concurrent Tuberculosis and Diabetes Mellitus: unraveling the causal link 
and improving care 

 

Operational Feasibility Questionnaire: tuberculosis screening and diagnostic tests 

- Laboratory staff 
 

 

CONSENT FORM: 

 

I, _____________________________________ (participant name), agree to participate in this operational 

feasibility study and complete this questionnaire.  

I understand the purpose of this questionnaire.  

All of my questions or concerns have been addressed. 

 

 

PARTICIPANT NAME: __________________________________________________ (BLOCK LETTERS) 

 

 

SIGNATURE: _____________________________________________ 

 

 

 

 

 

 

INTERVIEWER NAME: __________________________________________________ (BLOCK LETTERS) 

 

 

SIGNATURE: _____________________________________________ 

 

 

DATE: _____________________________________
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Operational Feasibility Questionnaire: tuberculosis screening and diagnostic tests 

- Laboratory staff 
 

START TIME: ____________________ (please record the start time of the interview) 
 

INSTRUCTIONS (to be read to the interviewee) 

 

I will read the questions to you and capture your response on this paper. Take as much time as you need to 

respond. Please answer the questions from your own perspective as it relates to your work in the TANDEM 

study.  

 

Study identifier 

1. Facility name   ______________________________________ 

2. Date of interview   |___|___|day|___|___|month|___|___|___|___|year 

3. Questionnaire number |___|___|___| 

Interviewee information 

4. First name  ______________________ 

5. Surname  ______________________ 

6. Gender              Male 

           Female 

7. Date of birth  |___|___|day|___|___|month|___|___|___|___|year 

8. Job title   ______________________________________ 

9. Employer   TANDEM 

 Universidad Peruana Cayetano Heredia 

 Health Centre 

Other, please specify ____________________________  
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Test 2: Chest X-ray (CXR) - RADIOGRAPHER 
 

10. Is the CXR routinely available at this facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 

 

11. Is the CXR routinely prescribed at this facility for DM (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 

 

12. If no, why is it usually not available or prescribed? 

 No equipment to do a CXR 
 Faulty machinery 
 Supplies unavailable 
 Trained staff unavailable 
 Other, please explain_________________________________________________________ 

 

13. If no, what test is done in its place?                                      _________________________________________ 

 

14. If no, how far from this facility is the closest facility at which patients would get one done? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

 

15. What kind of facility is it? 

 Private 
 Another public health centre 
 Other, specify_______________________________________ 

 

16. Approximately what proportion of patients are not able to get a prescribed CXR at this facility due to the issues in 12 

above? 

_____________________________% 

 Don’t know 

  
 

 

17. 

 

Is an electricity supply needed to perform a CXR? 

 
 

 
 No 
 Yes 
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User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

18. This test is technically undemanding 

for you to perform 

5 4 3 2 1 

19. The amount of time needed for 

training in order for you to become 

proficient in this test is acceptable 

5 4 3 2 1 

20. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

21. Minimal supervision is required to 

perform this test 

5 4 3 2 1 

22. The CXR has a direct result reading 5 4 3 2 1 

23. There are simple quality control 

checks 

 

5 4 3 2 1 

Training and test performance time: 

 

24. Before the start of the TANDEM project did you already know how to perform the CXR in patients with DM?  

 No 
 Yes 

 

25. If yes, how long have you been performing this test? 

__________________ weeks ____________________months ______________________years 

26. Approximately how long did it take you to learn the method for performing the CXR in patients with DM?  

__________________days _________________hours ___________________minutes 

27. Approximately how many times did you practice the CXR to learn the method?____________________ 

 

28. How long does it take you, on average, to complete the paperwork (registration, insurance, payment, etc.) for each 

CXR?  

______________________minutes _______________hours 

29. How many CXR are performed each week by you? 

_______________________________________ 
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30. How long, on average, does it take you to complete the CXR on one patient (from the time the patient arrives to when 

the CXR is completed)? 

______________________minutes _______________hours 

31. How long do the results take, on average, to be sent back to the health facility or given to the patient (from the time 

the patient has the CXR to when the film or the report is ready)? 

_________________ weeks __________________days ___________________hours 

32. Are there sufficient skilled personnel to perform CXRs if this test was rolled out into routine practice for DM patients 

with suspected TB?  

 No 
 Yes 
 Don’t know 

 
 

Quality control and machinery: 

33. Is internal quality control done for the CXR? 

 No 
 Yes 

 
34. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

35. Do you perform the internal quality control?  

 No 
 Yes 

 
36. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

37. If no, who performs it? 

 Another technician from this laboratory 
 Supplier (external) 
 Other person, please explain______________________ 
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38. How much time is spent on the internal quality control of the x-ray machine? 

_______________hours ______________minutes __________________seconds 

 

39. Is the x-ray machine calibrated? 

 No 
 Yes 

 
40. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

41. Do you perform the x-ray machine calibration?  

 No 
 Yes 

 

42. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 
43. If no, who performs it? 

 Another technician from this laboratory 
 Supplier 
 Other person, please explain______________________ 

 

44. How much time is spent on the calibration of the x-ray machine? 

_______________hours ______________minutes __________________seconds 

45. How often has the x-ray machine been maintained? 

 Never 
 _____________________________ times a week/month/ year (select ONE time division) 
 I don’t know 

 

46. If never, how often should the x-ray machine be maintained? 

_____________________________ times a week/month/ year (select ONE time division) 
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47. How often does the x-ray machine break down? 

 Never 
 _____________________________ times a week/month/ year (select ONE time division) 
 I don’t know 

 

48. On average, how long is the machine usually not working, when it breaks down? 

_________months ___________weeks ___________days ___________hours ___________minutes 

 I don’t know 
 Not applicable 

 

Logistics and other issues: 

49. Approximately what proportion of patients with DM have difficulty completing a CXR? 

_____________________________________% 

 Don’t know 
 

 

50. What are some of the reasons for not completing a CXR?  

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

 

51. How long does it usually take to obtain the CXR film/electronic image? 

_________________ weeks ____________________days   

 

52. How are the results of the CXR returned to the DM clinic/patient? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or radiology ______________________ 
 Online system 
 E-mail 
 Patient collects paper results and takes to DM clinic 
 Other, please specify _______________________________  
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53. When are patients told the results of the CXR? 

 Never 
 Always 
 Only if there is an abnormal result 
 Only if they ask for it 
 Don’t know 
 Other, please specify ______________________________ 

 
 

54. How are patients told the results? 

 Over the phone 
 Called and asked to visit the clinic 
 On their next scheduled visit 
 Don’t know 
 Other, please specify ______________________________ 

 

 

55. Has a CXR for a patient with DM ever been compromised (e.g. damaged, lost, mislabelled) in your department? 

 No 
 Yes 

 

56. If yes, please indicate the top three reasons for compromised CXRs: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

 

57. How many CXRs have you performed since the start of the TANDEM project? 

_______________________________________ 

 

58. Out of all the CXRs that you performed so far, how many have been compromised? 

_______________________________________________________________ 

 



Questionnaire #: __________    

 526 

 

59. In your opinion, do you think the CXR is a useful way of screening patients with DM for TB? 

 No 
 Yes 

 
 

60. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

61. Are there any additional comments you would like to make about the CXR?  

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

_____________________________________________________________________ 

 

 

END TIME: _____________________ (please record the end time of the interview) 
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Test 3: Sputum smear – acid fast bacilli (AFB) test 

62. Is the AFB test routinely available at this facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 

 

63. Is the AFB test routinely prescribed at this facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 

64. If no, why is it usually not available? 

 Faulty machinery 
 Trained staff unavailable 
 Reagents unavailable 
 Other supplies unavailable 
 Other, please explain_______________________________ 

 

 65. If no, what test is done in its place?  _____________________________________  

 

66. If an AFB test is not available at this facility, how far from this facility is the closest facility at which patients would get 

the test done? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

 

67. What kind of facility is it? 

 Private 
 Another public health centre/laboratory 
 Other, specify_______________________________________ 

 

68. Approximately what proportion of patients are not able to get a prescribed AFB at this facility due to the issues in 62 

above? 

_____________________________% 

 Don’t know 

 

69. 

 

Is an electricity supply needed to perform an 
AFB test? 

 
 
 

 
 No 
 Yes 
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User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

70. This test is technically undemanding 

for you 

5 4 3 2 1 

71. The amount of time needed for 

training in order for you to become 

proficient in this test is acceptable 

5 4 3 2 1 

72. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

73. Minimal supervision is required to 

perform this test 

5 4 3 2 1 

74. The analysis for this test has a direct 

result reading 

5 4 3 2 1 

 

75. 

 

There are simple quality control 

checks 

 

 

5 

 

4 

 

3 

 

2 

 

1 

Training and test performance time: 

 

76. Before the start of the TANDEM project did you already know how to perform the AFB?  

 No 
 Yes 

 

77. If yes, how long have you been performing this test? 

____________________ weeks ____________________months ______________________years 

78. Approximately how long did it take to learn the method for performing this test?  

__________________weeks __________________days _________________hours  

79. Approximately how many times did you practice this test to learn the method?__________________ 

 

80. How long does it take you, on average, to complete the paperwork (registration, insurance, payment, etc.) for each 

AFB?  

_____________________minutes _______________hours 

81. Is analysis of the AFB test done in batches? 

 No 
 Yes 
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82. If no, how long does it take you, on average, to complete the AFB analysis for one patient (from the time the sample 

arrives to when the AFB test is completed)? 

______________________minutes _______________hours 

 

83. If yes, how many AFB samples do you analyse in each batch? 

___________________________ 

 

84. How long, on average, does it take you to complete the analysis of one batch? 

_______________hours ______________________minutes  

 

85. How many batches or individual tests, on average, do you run each week? (Select ONE below and state average 

number) 

 Batches ___________________________ 
 Individual tests ______________________  

 

86. How long do the results take, on average, to be given to the patient (from the time the AFB analysis is complete to 

when the report is given to the patient or returned to the clinician)? 

_________________ weeks __________________days ___________________hours 

 

87. Are there sufficient skilled personnel to perform AFBs if this test was rolled out into routine practice for DM patients 

with suspected TB?  

 No 
 Yes 
 Don’t know 

 
 
 

Quality control and machinery: 

88. Is internal quality control done for the AFB test? 

 No 
 Yes 
 Don’t know 
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89. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

 

90. Do you perform the internal quality control?  

 No 
 Yes 

 

91. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 
92. If no, who performs it? 

 Another technician from this laboratory 
 Supplier (external) 
 Don’t know 
 Other person, please explain______________________ 

 

93. How much time is spent on the internal quality control for the AFB test? 

_______________hours ______________minutes __________________seconds 

 

94. Approximately what proportion of the samples are of good quality? 

_____________________________% 

 Don’t know 
 

 

95. What are the most common reasons for poor quality samples? 

__________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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96. Approximately what proportion of the samples are the correct quantity (volume)? 

_____________________________% 

 Don’t know 
 

 

97. What are the most common reasons for the incorrect quantity? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

98. Is the equipment used for the AFB test calibrated? 

 No 
 Yes 

 
99. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

101. Do you perform the calibration for the AFB test?  

 No 
 Yes 
 Not applicable 

 

100. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

102. If no, who performs it? 

 Another technician from this laboratory 
 Supplier 
 Other person, please explain______________________ 
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103. How much time is spent on calibration for the AFB test? 

_______________hours ______________minutes __________________seconds 

 

104. How often has the equipment for the AFB been maintained? 

 Never 
 _____________________________ times a week/month/ year (select ONE time division) 
 I don’t know 

 

 

105. If never, how often should the AFB equipment be maintained? 

_____________________________ times a week/month/ year (select ONE time division) 

 

106. How often does the equipment for the AFB test break down? 

 Never 
 _____________________________ times a week/month/ year (select ONE time division) 
 I don’t know 

 

107. On average, how long is the equipment usually not working when it breaks down? 

_________months ___________weeks ___________days ___________hours ___________minutes 

 I don’t know 
 Not applicable 

 

 

Logistics and other issues: 

 

108. How long after the patient produces a sputum sample is the sample delivered to your laboratory? 

_________________hours _________________weeks ____________________days   

 Don’t know 
 

 

109. How long does it usually take to obtain results for the AFB test? 

_________________ weeks ___________________days   
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110. How are the results of the AFB returned to the DM clinic? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or laboratory ______________________ 
 Online system 
 E-mail 
 Patient collects paper results and takes to DM clinic 
 Other, please specify _______________________________  

 
 

111. When are patients told the results of the AFB test? 

 Never 
 Always 
 Only if there is a positive result 
 If they ask for it 
 If I remember 
 Don’t know 
 Other, please specify ______________________________ 

 
 

112. How are patients told the results? 

 Over the Phone 
 Called and asked to visit the clinic for result 
 On their next scheduled visit 
 Don’t know 
 Other, please specify ______________________________ 

 

 

113. Has there ever been a compromised (e.g. damaged, lost or mislabelled) AFB sample for the TANDEM project? 

 No 
 Yes 
 Don’t know 

 

 

114. If yes, please indicate the top three reasons for compromised AFB samples: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

 

115. How many AFB tests have you performed since the start of the TANDEM project? 
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____________________________________ 

116. Out of all the AFB tests that you have done so far, how many have been compromised? 

______________________________________________________________ 

117. In your opinion, do you think the AFB test is a useful way of diagnosing TB in persons with DM? 

 No 
 Yes 

 

118. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

119. Are there any additional comments you would like to make about the AFB test?  

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________
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Test 4: Sputum culture 
 

120. Is the culture test routinely available at this facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 
121. Is the culture test routinely prescribed at this facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 
122. If no, why is it not available or prescribed? 

 Faulty machinery 
 Trained staff unavailable 
 Equipment unavailable 
 Reagents unavailable 
 Other supplies unavailable 
 Other, please explain___________________________________ 

 

123. If no, what test is done in its place?   _______________________________________ 
 

 

124. If a culture test is not available at the facility, how far from this facility is the closest facility at which patients would 

get the test done? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

125. What kind of facility is it? 

 Private 
 Another public health centre/laboratory 
 Other, specify_______________________________________ 

 

126. Approximately what proportion of patients are not able to get a prescribed culture test at this facility due to the 

issues in 122 above? 

_____________________________% 

 Don’t know 

 

127. 

 

Is an electricity supply needed to perform the culture 
test? 

 
 

 
 

 No 
 Yes 
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User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

128. This test is technically undemanding for you 5 4 3 2 1 

129. The amount of time needed for training in 

order for you to become proficient in this test 

is acceptable 

5 4 3 2 1 

130. The amount of time needed for to perform 

this test is acceptable 

5 4 3 2 1 

131. Minimal supervision is required for you to 

perform this test 

5 4 3 2 1 

132. This test has a direct result reading 5 4 3 2 1 

133. There are simple quality control checks 

 

5 4 3 2 1 

Training and test performance time: 

 

134. Before the start of the TANDEM project did you already know how to perform the culture test? 

 No  
 Yes 

 

135. If yes, how long have you been performing this test? 

_____________________ years ____________________months ______________________weeks 

 

136. Approximately how long did it take you to learn the method for performing this test? 

__________________days _________________hours ___________________minutes 

137. Approximately how many times did you practice this test to learn the method?_______________________ 

138. Is the analysis of the culture done in batches? 

 No 
 Yes 

 

139. If no, how long does it take you, on average, to complete the culture analysis for one patient (from the time the 

sample arrives to when the culture test is completed)? 

_______________hours ______________________minutes  

140. If yes, how many culture samples do you analyse in each batch? 

________________________________ 
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141. How long, on average, does it take you to complete the analysis of one batch? 

_________________hours ______________________minutes  

142. How many batches or individual tests, on average, do you run each week? (Select ONE below and state average 

number) 

 Batches _____________________ 
 Individual tests ______________________  

 
143. How long does it take you, on average, to complete the paperwork (registration, insurance, payment, etc.) for each 

culture test?  

_________________________hours ____________________minutes 

144. How long do the results take, on average, to be given to the patient (from the time the culture analysis is complete to 

when the report is given to the patient or returned to the clinician)? 

_________________weeks __________________days ___________________hours 

 

145. Are there sufficient skilled personnel to perform the culture test if it was rolled out into routine practice for DM 

patients with suspected TB?  

 No 
 Yes 
 Don’t know 

 

Quality control and machinery: 

146. Is internal quality control done for the culture test? 

 No 
 Yes 

 
147. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

149. Do you perform the internal quality control?  

 No 
 Yes 

 
148. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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______________________________________________________________________ 

______________________________________________________________________ 

 

150. If no, who performs it? 

 Another technician from this department 
 Supplier (external) 
 Other person, please explain______________________ 

 

151. Approximately how much time is spent on the internal quality control of the culture test? 

_______________hours ______________minutes __________________seconds 

 

152. Approximately what proportion of the samples are of good quality? 

_________________________% 

 Don’t know 
 

 

153. What are the most common reasons for poor quality samples? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

154. Approximately what proportion of the samples are the correct quantity (volume)? 

__________________________% 

 Don’t know 
 

 

155. What are the most common reasons for the incorrect quantity? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 



Questionnaire #: __________    

 539 

156. Is the equipment used for the culture test calibrated? 

 No 
 Yes 
 Don’t know 

 

157. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

 

158. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

159. Do you perform the calibration of the equipment used for the culture test?  

 No 
 Yes 

 
 

160. If no, who performs it? 

 Another technician in this department 
 Supplier 
 Other person, please explain______________________ 

 

161. How much time is spent on the calibration of the equipment used for the culture test? 

_______________hours ______________minutes __________________seconds 

  Don’t know 
 
 

162. How often has the equipment used for the culture test been maintained? 

 Never 
 _____________________________ times a week/month/ year (select ONE time division) 
 I don’t know 
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163. If never, how often should the equipment used for the culture test be maintained? 

_____________________________ times a week/month/ year (select ONE time division) 

 

164. How often does the equipment used for the culture test break down? 

 Never 
 _____________________________ times a week/month/ year (select ONE time division) 
 I don’t know 

 

165. On average, how long is the equipment usually not working, when it breaks down? 

_________months ___________weeks ___________days ___________hours ___________minutes 

 I don’t know 
 Not applicable 

 
 

Logistics and other issues: 

 

166. How long after the patient produces a sputum sample is the sample delivered to your laboratory? 

_________________hours _________________weeks ____________________days   

 Don’t know 
 

167. How long does it usually take to obtain results for the culture test? 

_________________ weeks ____________________days   

 

168. How are the results of the culture test returned to the DM clinic? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or laboratory ______________________ 
 Online system 
 E-mail 
 Patient collects paper results and takes to DM clinic 
 Other, please specify _______________________________  

 
 

169. When are patients told the results of the culture test? 

 Never 
 Always 
 Only if there is a positive result 
 If they ask for it 
 If I remember 
 Don’t know 
 Other, please specify ______________________________ 
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170. How are patients told the results? 

 Over the Phone 
 Called and asked to visit the clinic for result 
 On their next scheduled visit 
 Don’t know 
 Other, please specify ______________________________ 

 

171. Has there ever been a compromised (e.g. damaged, lost or mislabelled) culture sample for the TANDEM project? 

 No 
 Yes 

 

 

172. If yes, please indicate the top three reasons for compromised culture samples: 

1. ____________________________________________________________ 

_______________________________________________________________ 

2. _____________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

 

173. How many culture tests have you performed since the start of the TANDEM project? 

___________________________________ 

 

174. Out of all the culture tests that you have done so far, how many have been contaminated? 

_____________________________________________________________ 

 

175. Out of all the culture tests that you have done so far, how many have been compromised (not including 

contamination)? 

_____________________________________________________________ 

176. In your opinion, do you think the culture test is a useful way of diagnosing TB in persons with DM? 

 No 
 Yes 
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177. If no, explain why. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

178. Are there any additional comments you would like to make about the culture test?  

_____________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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Test 5: QuantiFERON (QFT) or Interferon gamma release assay (IGRA) 

179. Is the QFT available at this facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 

 

180. Is the QFT prescribed at this facility (outside of the TANDEM project)? 

 Yes 
 No 
 I don’t know 

 
 

181. If no, why is it usually not available? 

 Faulty machinery 
 Trained staff unavailable 
 QFT kit unavailable 
 Supplies unavailable 
 Not part of the hospital algorithm for TB diagnosis 
 Other, please explain_________________________________________________________ 

 

182. If no, what test is done in its place?                                      _________________________________________ 

 

183. If an QFT test is not available at the facility, how far from this facility is the closest facility at which patients would 

get one done? 

__________________________km OR ________________________minutes by car/bus/foot (select ONE) 

 

184. What kind of facility is it? 

 Private 
 Another public health centre/laboratory 
 Other, specify_______________________________________ 

 

185. Approximately what proportion of patients are not able to get a prescribed QFT at this due to the issues in 181 

above? 

 Don’t know 

186. Is an electricity supply needed to perform the QFT test?  
 

 No 
 Yes 
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User friendliness: 

 Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

187. This test is technically undemanding 

for you 

5 4 3 2 1 

188. The amount of time needed for 

training in order for you to become 

proficient in this test is acceptable 

5 4 3 2 1 

189. The amount of time needed for you to 

perform this test is acceptable 

5 4 3 2 1 

190. Minimal supervision is required to 

perform this test 

5 4 3 2 1 

191. The analysis for this test has a direct 

result reading 

5 4 3 2 1 

 

192. 

 

There are simple quality control 

checks 

 

 

5 

 

4 

 

3 

 

2 

 

1 

Training and test performance time: 

 

193. Before the start of the TANDEM project did you already know how to perform the QFT test?  

 No 
 Yes 

 

194. If yes, how long have you been performing this test? 

__________________ weeks ____________________months ______________________years 

195. Approximately how long did it take to learn the method for performing this test?  

__________________days _________________hours ___________________minutes 

196. Approximately how many times did you practice this test to learn the method?____________________ 

 

197. How long does it take you, on average, to complete the paperwork (registration, insurance, payment, etc.) for each 

QFT?  

______________________minutes _______________hours 

198. Is analysis of the QFT test done in batches? 

 No 
 Yes 
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199. If no, how long does it take you, on average, to complete the QFT analysis for one patient (from the time the sample 

arrives to when the QFT test is completed)? 

______________________minutes _______________hours 

 

200. If yes, how many QFT samples do you analyse in each batch? 

______________________________ 

 

201. How long, on average, does it take you to complete the analysis of one batch? 

_______________hours ______________________minutes  

 

202. How many batches or individual tests, on average, do you run each week? (Select ONE below and state average 

number) 

 Batches ______________ 
 Individual tests ______________________  

 

203. How long do the results take, on average, to be given to the patient (from the time the QFT analysis has been 

performed to when the report is given to the patient or returned to the clinician)? 

_________________ weeks __________________days ___________________hours 

 

204. Are there sufficient skilled personnel to perform the QFT test if it was rolled out into routine practice for DM patients 

with suspected TB?  

 No 
 Yes 
 Don’t know 

 
 

Quality control and machinery: 

205. Is internal quality control done for the QFT test? 

 No 
 Yes 

 
 

206. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 
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207. Do you perform the internal quality control?  

 No 
 Yes 

 
 

208. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

209. If no, who performs it? 

 Another technician from this laboratory 
 Supplier (external) 
 Other person, please explain______________________ 

 

 

210. Approximately how much time is spent on the internal quality control for the QFT test? 

_______________hours ______________minutes __________________seconds 

 

211. Approximately what proportion of the samples are of good quality? 

_____________________________% 

 Don’t know 
 

 

212. What are the most common reasons for poor quality samples? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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213. Approximately what proportion of the samples are the correct quantity (volume)? 

_____________________________% 

 Don’t know 
 

214. What are the most common reasons for samples having the incorrect quantity (volume)? 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

215. Is the equipment used for the QFT test calibrated? 

 No 
 Yes 

 
 

216. If yes, how often? 

__________________________________times per day/week/month (select ONE)? 

 

217. Do you perform the calibration for the QFT test?  

 No 
 Yes 

 

218. If yes, please describe the process. 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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219. If no, who performs it? 

 Another technician from this laboratory 
 Technician from another laboratory 
 Supplier 
 Other person, please explain______________________ 

 

220. Approximately how much time is spent on the calibration for the equipment for the QFT test? 

_______________hours ______________minutes __________________seconds 

 I don’t know 
 

221. How often has the equipment for the QFT been maintained? 

 Never 
 _____________________________ times a week/month/ year (select ONE time division) 
 I don’t know 

 

 

222. If never, how often should the equipment used to perform the QFT test be maintained? 

_____________________________ times a week/month/ year (select ONE time division) 

 Not applicable 
 

223. How often does the equipment used for the QFT test break down? 

 Never 
 _____________________________ times a week/month/ year (select ONE time division) 
 I don’t know 

 

224. On average, how long is the equipment usually not working when it breaks down? 

_________months ___________weeks ___________days ___________hours ___________minutes 

 I don’t know 
 Not applicable 

 

Logistics and other issues: 

225. How long after the blood is drawn is the sample delivered to your laboratory? 

_________________hours _________________weeks ____________________days   

 Don’t know 
 

226. How long does it usually take to obtain results for the QFT test? 

_________________ weeks ____________________days  _________________hours 
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227. How are the results of the QFT returned to the DM clinic? 

 Paper results – by post 
 Paper results – by staff, specify if staff from clinic or laboratory ______________________ 
 Online system 
 E-mail 
 Patient collects paper results and takes to DM clinic 
 Other, please specify _______________________________  

 
 

228. When are patients told the results of the QFT test? 

 Never 
 Always  
 Only if there is a positive result 
 Don’t know 
 Other, please specify ______________________________ 

 
 

229. How are patients told the results? 

 At next scheduled follow-up visit 
 Phone 
 Asked to visit the clinic 
 Don’t know 
 Other, please specify ______________________________ 

 

230. Has a QFT test ever been compromised (e.g. damaged, lost, mislabelled, indeterminate) in your laboratory? 

 No 
 Yes 

 

231. If yes, please indicate the top three reasons for compromised QFT tests: 

1. _______________________________________________________________ 

_______________________________________________________________ 

2. _______________________________________________________________ 

_______________________________________________________________ 

3. _______________________________________________________________ 

_______________________________________________________________ 

 

232. How many QFT tests have you performed since the start of the TANDEM project? 
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_______________________________________ 

 

233. Out of all the QFT tests that you performed so far, how many have been compromised? 

_______________________________________________________________ 

 

234. In your opinion, do you think the QFT test is a useful way of diagnosing TB in persons with DM? 

 No 
 Yes 

 
 

235. If no, please give reasons why you think so: 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

236. Are there any additional comments you would like to make about the QFT test?  

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 

END TIME: _____________________ (please record the end time of the interview) 
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Appendix Z: EuroQol's EQ-5D-5L questionnaire - English version 

 
  

  

  

  

  

  

 
  

  
  
  
  
  
  

  

Health Questionnaire  
  
  

English version for the UK  
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Under each heading, please tick the ONE box that best describes your health TODAY   

MOBILITY  

I have no problems in walking about            

I have slight problems in walking about           

I have moderate problems in walking about          

I have severe problems in walking about           

I am unable to walk about               

 

SELF-CARE  

I have no problems washing or dressing myself         

I have slight problems washing or dressing myself        

I have moderate problems washing or dressing myself       

I have severe problems washing or dressing myself       

I am unable to wash or dress myself          

  

USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities)  

I have no problems doing my usual activities          

I have slight problems doing my usual activities         

I have moderate problems doing my usual activities        

I have severe problems doing my usual activities         

I am unable to do my usual activities           

  

PAIN / DISCOMFORT  

I have no pain or discomfort               

I have slight pain or discomfort              

I have moderate pain or discomfort             

I have severe pain or discomfort             

I have extreme pain or discomfort             

  

ANXIETY / DEPRESSION  

I am not anxious or depressed             

I am slightly anxious or depressed            
I am moderately anxious or depressed           

I am severely anxious or depressed            

I am extremely anxious or depressed           
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box below. 

you can imagine 

The best health 
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Appendix AA: Patient costs questionnaire for Indonesia 

Costs of travel to health facility today: 

 

1.  

 

How long did it take to get here 

from your home (include the 

journey time and any waiting for 

transport) 

 

                

              Minutes    |__|__| 

              Hours        |__|__| 

Unknown |__|__|__|  

 

 

2.  What kind of transport did you 

use to reach this health facility? 

   Walking (go to Q11) 

 Public transport (go to Q9) 

 Taxi (go to Q9) 

 Self-driven car (go to Q10) 

 

3 If you paid for transportation to 

reach the facility, how much did 

you pay? 

        IDR/PEN/RON ___________ 

        

 

 

 

4. If you used a private car to get 

here, please estimate the 

distance travelled, one way. (if 

unable to estimate indicate 

residence) 

        Kilometres      |__|__| 

       Residence       ____________ 

 

 

 

Costs incurred at the health facility today:  

5. Did you pay for the care you received today?  
 

 No 

 Yes 

 Not sure 

 

6. 

 

If yes, how much did you pay for the care given? 

 

  User fees – 

medical 

professional 

User fees – 

health 

facility 

Drugs Test

s 

Physical 

rehabilitation 

services 

Other 

payments 

(specify) 

Payment made: 

0 - no payment 

999 - don’t know 

888 – NA 

      

Outstanding 

payments: 
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7. Where did the money come from to 

pay these expenses? (multiple 

responses allowed) 

  Cutting down on other 

expenses 

 Using savings  

 Borrowing  

 Selling assets 

 Asking for donations 

 Other, specify -

____________________ 

 

8. Will you receive insurance 

reimbursement for any of the 

payments you made today? 

 
 

 No 

 Yes 

 Not sure 

 

9. If yes, how much do you expect to be 

reimbursed? 

        IDR/PEN/RON ___________ 

 Not sure 

 

10. How much time did you spend at the 

health facility today? 

 
 

        ________hours _________minutes 

11. If you weren’t here today, what would 

you be doing? (Multiple responses 

allowed) 

 
 

 Unpaid work at home 

 Paid work 

 Other (specify) _________________ 

 

12 Did you have to make alternative 

arrangements for childcare or caring 

for other dependants in order to come 

here today? 

  No (End of questionnaire) 

 Yes (Go to Q19) 

 Refuse to answer 

 

13. Who is taking care of your 

dependants/child(ren) while you are 

here? 

  Other family member or friend  

 Paid childcare  

 Refuse to answer 

 

14. How much did you pay for that care 

today? 

 IDR/PEN/RON ___________ 

 

Insurance coverage:  

Opportunity costs:  
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Appendix BB: Data collection form for unscheduled visits by patients with TB-DM in 
TANDEM 

Study ID __________________________________ 

[Revise wording?] Since the last time we 

saw you for a study visit, have you had any 

unscheduled visits to a health care 

provider?   

Yes 

No 

Don’t know 

How many visits did you make? __________________________________ 

Date of visit 1 (to best estimation)? __________________________________ 

How accurate do you think that date is? To the day 

1-3 days 

Within a week 

Within 2 weeks 

Within a month 

Who saw you? Tandem Fieldworker/ Nurse 

Tandem Doctor 

Doctor 

Nurse 

Other 

If other, please specify __________________________________ 

What was the reason for the visit? Side effects from drugs 

Not responding to treatment 

Hypoglycaemic event 

Other 

If other, please specify __________________________________ 

Outcome of the visit No change in medication 

Change in medication 

Admission 

Other 
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If other, please specify __________________________________ 

Did you pay to see the doctor or nurse on 

that unscheduled visit? 

No 

Yes 

If yes, how much? ___________________IDR/PEN/ROM 

Did you pay for any tests, medication or 

anything else prescribed at that visit? 

No 

Yes 

If yes, how much? ___________________IDR/PEN/ROM 

If yes, include details on what was 

purchased. 

__________________________________ 

How much time was spent at the visit, 

including travel time? 

__________________hours 

______________minutes 

What type of transportation did you take to 

go to that visit? 

Walking 

Public transport 

Taxi 

Self-driven car 

Motor bike/scooter 

Other, please specify____________________ 

 

If public transport or taxi, how much did it 

cost? 

If self-driven car or motor bike/scooter, what 

is distance from home to health facility (or 

where do you live)? 

___________________IDR/PEN/ROM  

 

____________________________________ 

Comments __________________________________ 

Date of visit 2 (to best estimation)? __________________________________ 

How accurate do you think that date is? To the day 

1-3 days 

Within a week 

Within 2 weeks 
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Within a month 

Who saw you? Tandem Fieldworker/ Nurse 

Tandem Doctor 

Doctor 

Nurse 

Other 

If other, please specify __________________________________ 

What was the reason for the visit? Side effects from 

Not responding to treatment 

Hypoglycaemic event 

Other 

If other, please specify __________________________________ 

Outcome of the visit No change in medication 

Change in medication 

Admission 

Other 

If other, please specify __________________________________ 

Did you pay to see the doctor or nurse on 

that unscheduled visit? 

No 

Yes 

If yes, how much? ___________________IDR/PEN/ROM 

Did you pay for any tests, medication or 

anything else prescribed at that visit? 

No 

Yes 

If yes, how much? ___________________IDR/PEN/ROM 

If yes, include details on what was 

purchased. 

__________________________________ 

How much time was spent at the visit, 

including travel time? 

__________________hours 

______________minutes 

What type of transportation did you take to 

go to that visit? 

Walking 

Public transport 

Taxi 

Self-driven car 
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Motor bike/scooter 

Other, please specify____________________ 

 

If public transport or taxi, how much did it 

cost? 

If self-driven car or motor bike/scooter, what 

is distance from home to health facility (or 

where do you live)? 

___________________IDR/PEN/ROM  

 

____________________________________ 

Comments __________________________________ 

Date of visit 3 (to best estimation)? __________________________________ 

How accurate do you think that date is? To the day 

1-3 days 

Within a week 

Within 2 weeks 

Within a month 

Who saw you? Tandem Fieldworker/ Nurse 

Tandem Doctor 

Doctor 

Nurse 

Other 

If other, please specify __________________________________ 

What was the reason for the visit? Side effects from drugs 

Not responding to treatment 

Hypoglycaemic event 

Other 

If other, please specify __________________________________ 

Outcome of the visit No change in medication 

Change in medication 

Admission 

Other 

If other, please specify 

__________________________________ 

Did you pay to see the doctor or nurse on 

that unscheduled visit? 

No 

Yes 

If yes, how much? ___________________IDR/PEN/ROM 
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Did you pay for any tests, medication or 

anything else prescribed at that visit? 

No 

Yes 

If yes, how much? ___________________IDR/PEN/ROM 

If yes, include details on what was 

purchased. 

__________________________________ 

How much time was spent at the visit, 

including travel time? 

__________________hours 

______________minutes 

What type of transportation did you take to 

go to that visit? 

Walking 

Public transport 

Taxi 

Self-driven car 

Motor bike/scooter 

Other, please specify____________________ 

 

If public transport or taxi, how much did it 

cost? 

If self-driven car or motor bike/scooter, what 

is distance from home to health facility (or 

where do you live)? 

___________________IDR/PEN/ROM  

 

____________________________________ 

Comments __________________________________ 

 


