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ABSTRACT 

Background 

People with tuberculosis (TB) and their households usually incur large costs for care seeking, diagnosis, 

and treatment. Diabetes increases the risk of developing TB and has adverse effects on TB outcomes, 

especially if diabetes is not properly managed. Despite increasing awareness of the importance of 

managing diabetes within TB programmes, the economic burden of TB and diabetes from the 

household perspective, costs of diabetes services within the TB programme from the provider 

perspective, and the cost-effectiveness of providing diabetes services for people newly diagnosed with 

TB are still unclear. 

 

Objectives 

The aim of this PhD was to estimate the societal costs of concurrent TB and diabetes in TB-affected 

households in the Philippines and evaluate the cost-effectiveness of integrated diabetes screening 

and management for TB, and in so doing identify the limitations and potential implications of the WHO 

recommended approach for estimating household costs of TB using a cross-sectional data collection 

design by comparing it to a longitudinal design.  

 

Methods 

Costs and coping mechanisms associated with TB and diabetes from the patient perspective were 

collected retrospectively from 530 people diagnosed with TB in the Philippines at four timepoints 

during TB diagnosis and treatment: at TB diagnosis, the end of the intensive treatment phase, and 

midway and end of the continuation treatment phase (longitudinal design). The results of costs 

incurred for TB services with the longitudinal design were compared with those with the simulated 

cross-sectional designs to identify methodological issues in the WHO recommended cross-sectional 

design of national surveys costs incurred by people with TB and their households. The incremental 

costs of diabetes screening and management of people with TB from the provider perspective were 

estimated through a micro-costing of equipment, consumables, and staff time. A simple decision tree 

model, which includes diabetes screening and management during TB diagnosis and treatment, was 

developed to assess the cost-effectiveness of integrating TB and diabetes services. All primary TB and 

diabetes provider costs data, as well as secondary TB provider costs data from a separate TB costing 

study (VALUE-TB), were incorporated in the model. 
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Results 

Using the longitudinal design, the catastrophic cost estimate for TB-affected households was 69%. The 

catastrophic cost estimates using the simulated cross-sectional design ranged from 40-55%, due to its 

inherit methodological issues when capturing the reduction and recovery in household income during 

the episode of TB care. There was no significant difference in the proportion of TB-affected households 

facing catastrophic costs between those with TB-diabetes (76%) and those with TB-only (69%, 

p=0.691). From the provider perspective, the cost per a case of people with diabetes detected using 

different diagnostic algorithms varied from USD 17.43 to USD 80.81. The monthly cost of diabetes 

treatment per person with diabetes was estimated at USD 8.95 to USD 12.36. Providing diabetes 

diagnosis and management for people diagnosed with and receiving care for TB would be cost saving: 

USD 147 per person from a provider perspective and: USD 187 per DALY averted per person from a 

societal perspective. in the target population of people aged ≥18 years. The probability of the 

intervention being cost effective was 99% from both the provider and the societal perspectives in 

people aged ≥18 years, at a threshold of 7.3% of GDP per capita which corresponds to the country-

specific willingness to pay threshold. The probability of the intervention being cost effective was 

highest when the intervention was provided in people with BMI >18.5 kg/m2 and those aged >45 years. 

Hence, I concluded that the intervention would be cost saving from both the provider and societal 

perspectives and providing the intervention to people with BMI >18.5kg/m2 or those aged >45 years 

could be an entry point to implement such a policy.   
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GLOSSARY 

Terminology Definition  

Ability to pay Ability to pay refers an individual’s or household’s financial capacity to use 

healthcare services [1]. In the WHO guidance on surveys of costs incurred by 

people with tuberculosis (TB) and their households, four indicators are 

suggested to use as a measurement of ability to pay, namely self-reported 

household consumption, self-reported household expenditure, self-reported 

income or estimated income based on household asset ownership [2]. In this 

PhD thesis, self-reported  annual household income was used as the main 

measurement of ability-to-pay to be consistent with the measurement used 

for the Philippines national surveys of costs incurred by people with TB and 

their households [3,4]. 

 

Catastrophic costs 

due to TB 

The operational definition of “catastrophic costs as a result of TB” refers to 

medical and non-medical out-of-pocket payments and indirect costs 

exceeding a given threshold (e.g. 20%) of the annual household income. Both 

medical and non-medical costs are net of any reimbursements to the 

individual who made the payments [2,5].  

 

Direct medical 

costs  

Direct medical costs refer to the sum of out-pocket payments for care 

seeking, TB diagnosis and treatment made by people with TB in a given 

household [2].  

 

Direct non-medical 

costs  

Direct non-medical out-of-pocket costs are payments made because of the 

need to access TB health services, such as payments for transportation, 

accommodation or food and nutritional supplement [2].  

 

Indirect costs  Indirect costs refer to people with TB or their guardian’s lost time, lost wages 

(net of welfare payments) and lost income due to TB health-care seeking and 

hospitalization during the TB episode [2].  

 

Out-of-pocket 

(health or medical) 

payments  

Out-of-pocket payments are defined as direct payments made by individuals 

to health care providers at the time of service use. This excludes any 

prepayment for health services, for example in the form of taxes or specific 
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 insurance premiums or contributions and, where possible, net of any 

reimbursements to the individual who made the payment [2].  

 

Tuberculosis  A bacteriologically confirmed TB case is one from whom a biological 

specimen is positive by smear microscopy, culture or WHO endorsed rapid 

diagnostic tests (such as Xpert MTB/RIF). All such cases should be notified, 

regardless of whether TB treatment has started. 

 

A clinically diagnosed TB case is one who does not fulfil the criteria for 

bacteriological confirmation but has been diagnosed with active TB by a 

clinician or other medical practitioner who has decided to give the patient a 

full course of TB treatment. This definition includes cases diagnosed on the 

basis of x-ray abnormalities or suggestive histology and extra-pulmonary 

cases without laboratory confirmation. Clinically diagnosed cases 

subsequently found to be bacteriologically positive (before or after starting 

treatment) should be reclassified as bacteriologically confirmed [6].  

 

Extra-pulmonary TB is case with active TB outside of lungs such as lymph 

nodes, CNS, bones/joints, genitourinary tract, abdomen, and pericardium. 

The definition includes One specimen from an extrapulmonary site culture-

positive for Mycobacterium tuberculosis or smear-positive for AFB or 

histological or strong clinical evidence consistent with active extrapulmonary 

tuberculosis. 

TB-diabetes status In this PhD thesis, the status of TB and diabetes was categorized into three: 

people with TB but without diabetes (TB-non DM or TB-non diabetes), people 

with TB-diabetes receiving diabetes management (TB-managed DM or TB-

managed diabetes), and people with TB-DM not receiving diabetes 

management (TB-unmanaged DM or TB-unmanaged diabetes). 
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CHAPTER 1. INTRODUCTION 

1.1 Background 

1.1.1 Global disease burden of TB and diabetes 

Tuberculosis 

Tuberculosis (TB) is one of the major public health concerns globally. In many low- and middle-income 

countries (LMICs). TB is a communicable disease caused by the bacillus Mycobacterium Tuberculosis, 

and an airborne disease can be transmitted to other individuals by breath or cough. TB is a chronic 

disease that requires a minimum of 4-6 months treatment [1].  Since 2011, rapid molecular tests such 

as Xpert MTB/RIF that are highly specific and sensitive have replaced traditional microscopy and 

culture methods [2]. The risk of TB infection and disease is associated with poverty, together with 

poor care-seeking behaviour, delay in diagnosis, and poor treatment adherence and the development 

of drug-resistant TB (DR-TB) [3-5]. TB has reached epidemic proportions, with a third of the world’s 

population being infected [6]. TB is one of the top 10 causes of death worldwide and ranked as one of 

the diseases with a heavy burden of disability-adjusted life years (DALYs), calculated as over 66 million 

in 2019 [7,8]. It is estimated that there were 10.6 million incident TB cases worldwide in 2022, and 1.3 

million of them died due to TB [9,10]. More than 95% of TB-related deaths occurred in LMICs [11]. The 

Western Pacific Region has the third highest number of incident TB cases (1.86 million) after the South-

East Asia Region (4.85 million) and the African Region (2.48 million) [9]. 

 

Diabetes 

Diabetes is a disease with metabolic disorders characterised by chronic hyperglycaemia caused by 

impaired insulin production [12]. There are three categories of diabetes: Type 1, Type 2 and 

gestational diabetes. Type 1 diabetes is a chronic autoimmune condition that prevents pancreas from 

producing insulin and the most common age at diagnosis is the age of 4 to 6 years. Type 2 diabetes 

usually develops in adulthood and is a lifestyle-related disease caused by persistently high blood sugar 

levels. Gestational diabetes develops in pregnancy and usually resolves after pregnancy. This PhD 

thesis focused on Type 2 diabetes, which accounts for more than 90% of the global disease burden of 

diabetes [13]. Diabetes has a heavy burden of DALYs, calculated as more than 70 million in 2019 [7,8] 

and was previously thought to be a minor problem in LMIC. Almost 80% of people living with diabetes 

(PLWD) were in LMIC in 2013 and diabetes incidence is increasing, especially in younger age groups in 

LMIC [14,15]. Lack of access to diabetes diagnosis and treatment as well as to health facilities can 

result in the development of earlier, more frequent and more severe complications (e.g. blindness 

due to retinopathy or cataracts, kidney disease, coronary heart disease, cerebrovascular disease and 

stroke) and those complications lead to premature disability and death [16]. People with diabetes 
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have a substantially reduced life expectancy with age-specific mortality rates approximately twice that 

of the non-diabetic population [17]. 

 

1.1.2 AssociaƟon between TB and diabetes 

Diabetes is one of risk factors associated with active TB disease, and WHO estimated that, globally in 

2023, 0.38 million incident cases of TB were attributable to diabetes [2]. The mechanisms of the 

interaction between TB and diabetes involves a compromised immune function, while they are not 

fully understood [18-20]. The impaired immune function caused by diabetes instigates TB infection 

and the activation of the disease and also affects the immune response to TB in individuals with 

diabetes [21]. Conversely, the inflammatory system caused by TB may lead insulin deficiency and 

persistent hyperglycaemia which can result in an increased risk of progressing to diabetes [21]. The 

latest Cochrane review of the association between TB and diabetes reported that the people with 

diabetes are at 1.5-2.4 times higher risk of developing active TB disease is compared to those without 

diabetes [22], which could be caused by diabetes-related alternation of immune system, metabolism 

and gene transcription [20,23]. A previous systematic literature review also concluded that diabetes 

was associated with a 2.3 to 4.3 times increased risk of developing active TB [24,25]. 

 

Diabetes not only increases the risk of developing active TB but also associated with increased risk of 

latent TB infection (LTBI) with a pooled odds ratio of 1.18 [26,27]. Diabetes is also associated with an 

increased severity of TB disease, and poorly controlled diabetes with impairment of peripheral blood 

and hyperglycaemia appear to be related to the development of lung cavity and the number of lung 

lesions [20,28,29]. Furthermore, some evidence suggested that diabetes is related to a prolonged 

smear and culture positivity, which in turn required a longer TB treatment [19,29,30]. 

 

Diabetes is associated with an increased risk of multi-drug-resistant TB (MDR-TB). A meta-analysis 

showed that odds of having MDR-TB in people with diabetes was 1.97 times higher compared to those 

without diabetes [31]. Another systematic review also concluded that 2 times higher risk of having 

MDR-TB among people with diabetes [32]. Finally, diabetes is associated with adverse TB treatment 

outcomes and death due to TB [33]. A systematic review estimated that people with concurrent TB 

and diabetes have 2-fold increased risk of death compared to people with TB-only [32]. In addition, 

diabetes is associated with early mortality during TB treatment with adjusted hazard ratio of 4.4 and 

also with an increased risk of TB relapse with a relative risk of 3.9 [33-35]. Although it remains unclear 

whether a good glycaemic control improves TB treatment outcomes [36,37], increased early detection 

and diagnosis of diabetes and improved glycaemic control may contribute to the rate of decline of TB 
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incidence and the reduction of adverse TB treatment outcomes, thus contributing to ongoing 

transmission of TB [38-40].  

 

1.1.3 Disease burden of TB and diabetes and study seƫngs in the Philippines 

The Philippines is classified as a high TB burden country both for drug susceptible TB (DS-TB) and 

multidrug- and rifampicin-resistant TB (MDR/RR-TB). WHO estimations of TB prevalence and incidence 

in the Philippines were 1,159 and 554 per 100,000 in the 2016 TB prevalence survey, and the number 

of Rifampicin Resistant TB (RR-TB) cases was estimated as 20,000 in the Philippines [9]. From 2013, 

more than USD 50 million (USD 126 million in 2022) have been invested annually, according to the 

budgets reported by the NTP, by the national government and from external donors (51%: domestic 

funding, 49% international funding) [9]. TB incidence, however, has not significantly decreased, rather 

it has gradually increased to 638 per 100,000 population in 2022 [9,10]. In addition, the case 

notification rate of people with TB was only 377 per 100,000 in 2016 which means that 41% of incident 

TB cases were missing from the detection and reporting of TB cases [9]. 

 

The Philippines has the seventh highest country incidence of TB associated with diabetes [41]. 

Diabetes prevalence, based on assessing elevated fasting blood sugar, has been increasing in the 

Philippines has been increasing over time, at 3.4% in 2003 to 5.8% in 2016 [42]. Based on the estimated 

number of TB-diabetes concurrent incident cases in 2022, 23,000 adult TB cases were attributable to 

diabetes [41,43]. It is also expected that incident cases of TB related to diabetes will also increase [44].  

 

The Philippines is a county located in the Western Pacific Ocean and Southeast Asia and characterized 

as an archipelago with 7,107 islands. The archipelago has three main island groups: Luzon, Visayas, 

and Mindanao. There are 17 functional regions across the country, and eight are in Luzon, three 

(Region IV-VIII) are in Visayas, and six are in Mindanao Island group (Region IX-XIII and ARMM) (Figure 

1).  
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Figure 1. Location of 17 functional regions in the Philippines 

 

 

The population of the Philippines was 115 million in 2023, and a large number of the population are 

concentrated in the National Capital Region (NCR), Region III, and Region IV-A in Luzon Island group. 

The Philippines has three levels of Local Government Unit (LGU) under 17 functional regions; province, 

city and municipality, and barangay. LGUs including 81 provinces, 145 cities, and 1,489 municipalities 

across the country. As a result of decentralization of health services, LGUs are mainly responsible for 

providing health services under the direction of the Department of Health [45]. 

 

TB services including diagnosis and treatment are mainly provided at LGU level at Rural Health Units 

(RHUs) or City Health Centres (CHCs) besides national or regional hospitals [45]. Recording of TB 

patient’s information such as result of diagnostic test and treatment regimen is initiated at RHUs or 

CHCs by using patient TB treatment cards. This information is transferred to Municipal or City Health 

Office (Basic Management Unit of TB programme) where paper-based records are entered into a web-

based system namely the Integrated Tuberculosis Information System (ITIS). The case-based data are 

validated by provincial and regional TB coordinators and reported to NTP on a quarterly basis. 

Laboratory data on smear and Xpert MTB/RIF tests are also reported to NTP through ITIS. This web-

based reporting system started in 2011 and reached nationwide coverage in 2015. 
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1.1.4 Global and country policy contexts addressing TB comorbid with diabetes 

Given the dual disease burden of TB and diabetes, in 2012, WHO published a guideline to develop and 

implement collaborative actions aimed at reducing this burden. The guideline consists of three pillars 

including bi-directional screening of TB in people living with diabetes and of diabetes in people with 

TB; plus monitoring and evaluation of collaborative diabetes and TB activities [46]. The 

recommendation of the 2011 WHO framework included the implementation of surveillance of 

diabetes prevalence in people with TB in all countries and providing diabetes screening for people 

with TB. However, a slow uptake of WHO recommended policies for TB and diabetes was reported in 

the WHO global tuberculosis report 2021; out of 30 high TB burden countries, only nine recommended 

diabetes screening for people with TB in the national strategic plan for TB and only six recommended 

the management of diabetes for those with TB [47].  

 

In order to accelerate the implementation of policies addressing dual burden of TB and diabetes,  WHO 

is developing new guidance on diabetes management for people with TB, and it will be added to the 

operational handbook on tuberculosis: TB and comorbidities [48]. The current WHO guidance for 

managing comorbidities in people with TB recommends three different models of integrated care: 

stand-alone screening provided separately for TB and comorbidities, followed by referral for diagnosis 

and treatment (separate service delivery model); screening and diagnosis provided by service 

providers for TB and for comorbidities located in the same premises, followed by referral for 

treatment (co-located services model); screening, diagnosis and treatment fully integrated and 

provided by a single service provider (one-stop-shop model) [48-50].  

 

Policy contexts addressing TB comorbid with diabetes in the Philippines 

For TB control, Philippines Health Insurance Corporation (PhilHealth) covers costs for TB diagnosis, 

treatment, reporting, drugs, consultation and health education [51,52]. For diabetes management, 

PhilHealth covers diabetes diagnosis, but not routine monitoring costs. To address the increasing 

burden of NCDs, PhilHealth started providing limited coverage of diabetes drug (metformin) costs in 

2014 for specific population groups [53]. For example, in the indigent population, only one person per 

household with 10-year cardiovascular risk is covered [54]. The current service integration for TB and 

diabetes services differs by area and level of facility (further details are available in Section 1.6.2).  

Social support is provided by the NTP for people with drug-resistant TB (DR-TB) with the purpose of 

improving treatment adherence and includes food packages and transportation fees for visiting health 

facilities [55-57]. Furthermore, The Department of Social Welfare and Development (DSWD) of the 

Philippines has a nationwide conditional cash transfer (CCT) programme for households living in 
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poverty, and as of 2016, the CCT programme covered 4.4 million households, equivalent to 20% of the 

total population [58]. 

 

This situation may result in increased and potentially catastrophic costs in people with TB and co-

morbid diabetes due to the necessity for life-long diabetes drugs payments (direct medical cost) and 

separate facility visits (transportation costs, cost of time lost). It also may contribute to reduced 

effectiveness of investments in TB control, which might be mitigated by providing integrated diagnosis 

and treatment.  

 

Given the need to address the issue of dual disease burden between TB and diabetes in the 

Philippines, the Department of Health in the Philippines introduced a policy for bi-directional 

screening of TB and diabetes in 2017, as proposed by the End TB strategy and technical 

recommendation from International Union Against Tuberculosis and Lung Disease [46,59-61]. Also, 

managing diabetes in parallel with TB control is listed in the TB-NSP for 2017-2022 as a key priority to 

prevent and treat the multiple burden of diseases in the Philippines [62,63]. Furthermore, the current 

national strategic plan (NSP) for TB in the Philippines has a target to provide diabetes screening for 

90% of people newly diagnosed with TB [62]. Therefore, to accelerate the implication of the policy in 

the Philippines, a study assessing costs and cost-effectiveness of diabetes diagnosis and treatment in 

people with TB was necessary in the country context.  
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1.2 Literature review for economic evaluaƟon of TB and diabetes 

1.2.1. Methods and data required for economic evaluaƟons 

Cost-effectiveness analysis (CEA) assesses economic efficiency of a range of healthcare interventions 

that maximize health benefits at population level, and therefore the analysis is usually based on 

aggregated costs and health consequences regardless of who suffers costs and gains health [64,65]. 

The purpose of CEA is to help decision making by maximising health outcomes where there are limited 

available resources [66,67]. The main results of economic evaluation and cost-effectiveness analysis 

is presented as the incremental cost-effectiveness ratio (ICER), which is calculated as the incremental 

costs of an intervention divided by the incremental health outcomes of the intervention and used for 

choosing the best among various interventions with limited resources [68].  

 

The denominator of ICER which corresponds to the incremental health outcomes by an intervention 

is usually expressed using a quality adjusted life year (QALY) or disability adjusted life year (DALY) [69]. 

While both QALY and DALY measures quality of life and can be used for different disease areas, DALY 

is the metric which is most frequently used in economic evaluations in the settings of LMICs [70]. DALY 

was developed by the Global Burden of Diseases, Injuries, and Risk Factors, and it counts the total 

years of life lost due to premature death and years lived with disability  [71,72]. In the disability 

weights used for DALY, “0” refers to no disability and “1” means to the dead state. Therefore, a new 

intervention should aim at reducing DALY, and the unit of ICER is incremental costs per DALY averted.  

 

The definition of the numerator of ICER which corresponds to the incremental costs by an intervention 

can vary depending on its perspective, which includes a patient, healthcare provider, entire health 

sector or entire society [73]. While the healthcare provider perspective only considers costs incurred 

by healthcare service providers such as treatment costs and other health and non-health resource use 

related to disease management, the societal perspective includes costs beyond the provider 

perspective such as transportation and associated costs to visit health facilities, informal care costs 

and productivity loss dues to health conditions [73,74].  

 

1.2.2 Economic evaluaƟons addressing the dual burden of TB and diabetes 

In the course of developing new WHO guidance on managing TB and diabetes, many evidence gaps 

were identified including optimal algorithms and timing for diabetes testing and association of early 

diabetes screening and case detection with improvement of TB treatment outcomes. Costs and cost-

effectiveness of providing diabetes screening and detection for people with TB were also listed as 

areas with evidence gaps. The cost-effectiveness of providing diabetes screening in populations with 
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a high prevalence of diabetes such as older age groups, people with high body mass index (BMI) or 

people with cardiovascular diseases has been suggested as well as the cost-effectiveness of early 

screening and diagnosis of diabetes. All of the 19 studies included in a systematic review that assessed 

the cost-effectiveness of providing diabetes screening and management to high-risk populations such 

as people aged 45 years or above or individuals with a high BMI from the health system or societal 

perspective, reported the interventions to be cost-effective, with five of the studies reporting cost 

saving results [75]. A recent study reported the prevalence of diabetes among people with TB in the 

Philippines to be 20.6% for DS-TB and 34.1% for drug-resistant TB (DR-TB) [76]. This result suggests 

that the prevalence of diabetes in people with TB is much higher than in the general population, which 

was estimated at 6.1% for 2021 [77], and raises a question as to whether providing integrated diabetes 

screening and diagnosis for people with TB where there is a high population prevalence of diabetes is 

as cost-effective as is the case for other high-risk populations. However, since little is known about 

the cost-effectiveness of early detection and management of diabetes in people with TB, it was first 

necessary to understand and contribute to the data available for provider costs of TB and diabetes 

services as well costs incurred by people with concurrent TB and diabetes in the Philippines. 

Subsequently, a cost-effectiveness analysis of providing diabetes screening and diagnosis for people 

with TB from the societal perspective in the Philippines needed to be conducted. 

 

IntegraƟon of healthcare services: examples and lessons from other diseases 

Integrated health care services may reduce the economic impact for people with multiple long-term 

diseases such as TB and HIV and their households [78]. HIV is a key risk factor for developing active 

TB, and since HIV infection weakens immune functions, people living with HIV are at high risk of 

developing active TB;  the relative risk is 26.7 times higher than for people without HIV [79,80]. The 

integration of TB and HIV services is supported by evidence of cost savings and improved treatment 

outcomes for both infections [81,82]. A systematic review suggested that integrated services may 

facilitate less frequent facility visits, which results in reduced transportation costs and lost time for 

people with TB-HIV and their households [83].  A study that assessed costs incurred by people with 

TB-only, HIV-only, and TB-HIV and their households showed that people with TB-HIV visited health 

facilities (on average 18.4 times per month) more frequently than those with TB-only (on average 16.0 

times) or with HIV-only (on average 2.2 times) due to fragmented services [78]. In another recent 

literature review, 32 included publications assessed TB-HIV service integration, and showed that 

initiation of Anti-Retroviral Therapy (ART) in parallel with TB treatment lead to improved mortality 

rates and ART adherence [82,84-86]. However, operational challenges due to complex clinical 

management of people with co-infected TB and HIV often resulted in poor implementation of service 
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integration. Also, although the reduction of resource utilization in integrated care for TB and HIV by 

efficient use of existing equipment, infrastructure, and personnel has been suggested, the detailed 

costs and its drawback of the integrated care especially from the patient perspective has not been 

described well [87].  

 

In other diseases, a study, which assessed technical efficiency of integration of HIV and 

sexual/reproductive health (SRH) services in Kenya and Swaziland, showed that on one hand, the 

number of additional services for HIV within maternal and child health unit was positively associated 

with improved technical efficiency, and on the other hand, the number of additional HIV and Sexually 

transmitted infections (STI) services provided in the same room at the facility was negatively 

associated with technical efficiency [88]. The study suggested that service providers may require 

multiple rooms to manage their patient flow without sacrificing technical efficiency of integrated HIV 

and STI care [88]. In the same study settings in Kenya and Swaziland, costs for three different models 

of integrated care for HIV and SRH were assessed (Model 1: Integrating HIV service into family 

planning, Model 2: integrating HIV services into postnatal care and family planning, Model 3: 

integrated care for HIV and SRH) [89]. The study concluded that the wide variation in costs between 

the models might be driven by maturity of the integrated services at facility level [89].    

 

1.2.3. Global progress on measuring TB and diabetes provider costs 

TB provider costs 

In the context of moving toward Universal Health Coverage (UHC), the robust estimation of TB 

provider costs is necessary for countries to capture the financial needs, to utilize the limited financial 

resources cost efficiently, and to improve the allocation of the resources for TB control. A systematic 

review included 67 studies that assessed TB provider costs [90] and reported  that mean total provider 

costs widely varied from USD 258 in low-income countries (LIC) to USD 14,659 in high-income 

countries (HIC) per person treated for DS-TB, and the costs were much higher for people with DR-TB 

ranging from USD 1,218 in LIC up to USD 83,365 in HIC [90].  In the Western Pacific Region, only China, 

Cambodia, and the Philippines have previous studies of TB provider costs [91-95]. In the Philippines, 

two studies were conducted to assess TB provider costs as a part of cost-effectiveness analysis, and 

showed that costs per person with TB ranged from USD 34 to USD 118 for all types of TB [91,93]. 

However, both studies were conducted in early 2000s and the data are outdated. WHO also estimates 

the estimated cost per person treated for TB, and in 2022, the cost per person treated for DS-TB was 

USD 236 in the Philippines [10]. 
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Diabetes provider costs 

Diabetes also causes a substantial financial burden for people with the disease, their households and 

health systems that treat them, and the disability and mortality burden is also high [96-98]. Costs for 

diabetes management are usually covered by out-of-pocket payments by people with diabetes and 

their households that causes financial difficulties, particularly in LMICs [98-100]. As with TB, accurate 

estimates of diabetes screening and management costs aid in the design of measures to mitigate the 

financial hardships in TB-affected households by achieving UHC [101]. A recent systematic review for 

diabetes provider costs included 52 publications, and investigated costs per outpatient visit and 

annual inpatient, laboratory, and drug costs [99]. The review showed that costs for outpatient services 

ranged from USD 5 (in Brazil 2011, N=121) to USD 42 (in Mexico 2012, N=766) per visit, and annual 

inpatient costs ranged from USD 25 (in Thailand 2011, N=475) to USD 1,790 (in China 2016, N=41,875), 

annual laboratory costs were USD 5 (in Iran 2012, N=60) to USD 152 (in Argentina 2013, N=300), and 

annual drug costs were USD 26 (in Thailand 2011, N=475) to USD 668 (in Turkey 2015, N=116 which 

was mainly for insulin) [99,102-107].   

 

1.2.4. Global progress on measuring costs incurred by people with TB and those with diabetes 

Financial protecƟon in disease control 

Financial protection is the one of key elements of UHC along with equity, quality and service 

availability. It can be achieved when direct expenditures to obtain quality health services do not 

expose people to financial hardship and devastating consequences such as losing their savings, taking 

loans and selling household assets [108]. There are previous studies assessing disease-specific 

financial protection and the societal impact both for communicable and non-communicable diseases 

(e.g. malaria, HIV, cancer) for reasons of protecting specific vulnerable groups and to perform 

economic evaluations from a societal perspective [109-112]. TB is a chronic disease that still requires 

a minimum of 4-6 months of treatment [1]. The risk of TB infection and disease is associated with 

poverty, together with poor care-seeking behaviour, delay in diagnosis, and poor treatment 

adherence leading to the development of drug-resistant TB [3-5]. Despite free TB services available in 

public health facilities, people with TB usually incur large costs for care seeking, diagnosis, and 

treatment. The costs include not only out-of-pocket (OOP) payments for direct medical costs, but also 

direct non-medical costs such as transportation, food or nutritional supplements and indirect costs 

such as income loss [90,113,114]. TB also impacts poverty as it can reduce the physical ability to work, 

and as a result leads to income loss [5,90,113]. In addition, households affected by long-term diseases 

such as TB usually mobilize their money for treatments by dissaving, selling assets, or taking loans, 
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making them poorer and trapped in the cycle of poverty [115], which can in the long-term have an 

economic impact on people with TB and their households [78]. 

 

Global progress on assessing costs incurred by people with TB and their households 

TB is both a cause and consequence of poverty and potentially traps people with TB and their 

households in a cycle of poverty [116]. Poverty is linked to a higher risk of TB infection and disease, 

poor care-seeking behaviour, delay in diagnosis, and poor treatment adherence which could result in 

adverse treatment outcomes and developing MDR/RR-TB, which may lead TB-affected households to 

further impoverishment [3-5,116]. To inform policies to improve accessibility of services, WHO 

recommends a national survey to understand the magnitude of the financial burden, its main cost 

drivers, and the incidence of catastrophic costs in line with achieving End TB strategy and UHC 

[3,59,117]. 

 

Previous systematic reviews revealed that TB-affected households often face heavy financial burdens 

not only from medical expenses during a TB treatment course, but also from costs for care seeking 

before TB diagnosis and income loss before and during TB treatment [90,113,114]. The systematic 

review in 2014, which included results from 49 studies on TB patient costs in LMICs, showed that the 

mean total TB patient costs ranged from USD 55 to 8,198 (unweighted average: USD 847, median: 

USD 379) [113]. Income loss accounted for the largest proportion of total TB patient costs at 60% 

(ranged from 16-94%) [113]. This systematic review concluded from eight studies that 50% of the total 

costs was incurred before starting TB treatment, and income loss was the main cost driver both before 

and during TB treatment [113]. Total TB-related costs as a proportion of both individual and household 

incomes of people with TB was high at 58% and 39% respectively [113]. The proportions were higher 

in lower socioeconomic status groups and people with MDR-TB [113]. The latest systematic review in 

2015 assessed mean direct costs and income loss by country income group (high, upper-middle, lower-

middle, or low income country) [90]. The results were consistent with the previous systematic review 

that people with TB have a heavier burden from income loss (USD 248) compared with direct costs 

(USD 155) in low income countries [90]. The financial burden for people with MDR-TB in low income 

countries was considerably higher compared to people with DS-TB (direct costs: USD 406, income loss: 

USD 1,256) [90]. Nine studies were conducted in the countries in the Western Pacific Region such as 

Cambodia, China, Malaysia, and Philippines, and of those only 5 studies assessed both direct and 

indirect costs [90]. In Cambodia, the mean total costs were USD 477 (HIV negative) to USD 555 (HIV 

positive) for DS-TB and USD 1,525 for DR-TB, and in Malaysia the mean total costs were USD 727 for 



30 
 

all forms of TB [94,118]. China had three studies, and the total costs ranged from USD 902 to USD 

1,712 for all forms of TB [92,119,120]. 

 

In 2014, WHO developed the End TB Strategy that outlined the ambitious goal of ending the TB 

epidemic worldwide by 2035 [59]. Recognizing the need to address the financial burden due to TB, 

the Strategy promotes assessment of costs incurred by people with TB and their households and sets 

a new target of zero “catastrophic costs” for TB-affected families in the context of Universal Health 

Coverage, in addition to two traditional epidemiological targets (reduced incidence and deaths) [59].  

 

Methodology for assessing costs incurred by people with TB and their households  

To establish the baseline against which to monitor the progress towards elimination of catastrophic 

costs, WHO recommends a national survey to be carried out in each country [59]. In 2015, WHO 

further developed a generic survey protocol and data collection tool (field testing version) to support 

countries in planning and implementing the national surveys of costs incurred by people with TB and 

their households, which was later refined and published as a WHO handbook in 2017 [117].  

 

The WHO-recommended survey instrument was designed to collect a range of cost data including 

direct medical costs (i.e. costs for medical consultations, examinations, drugs, hospitalization), direct 

non-medical costs (i.e. transportation, foods and accommodation), and indirect costs (i.e. loss of 

income) (Figure 2).  

 

Figure 2. Summary of costs incurred by people with TB and their households 

 
Developed based on WHO handbook on national TB patient cost surveys and Drummund et al 2005 [117,121] 
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Using the WHO’s generic protocol and handbook, national surveys of costs incurred by people with 

TB and their households have already been implemented in 31 countries as of January 2024 including 

Myanmar (2015), Viet Nam (2016), Timor-Leste (2017), Ghana (2016), Mongolia (2017), Philippines 

(2017), Uganda (2017), China (2017), Kenya (2017), Fiji (2018), Lao PDR (2019), and Solomon Islands 

(2019) [117,122-126]. The global pooled average of the percentage of TB-affected households facing 

catastrophic costs due to TB was 49% (95% confidence interval: 37-61%)  in 2023 [10]. Preliminary 

results of the surveys in the Western Pacific Region showed that the proportion of TB-affected 

households facing catastrophic costs greatly varied; 42% in the Philippines, 40% in Fiji, 56% in China, 

63% in Viet Nam and Lao PDR, and 68% in Mongolia [56,117]. Main cost drivers also differed by 

country; while direct non-medical costs were high in the Philippines, Lao PDR and Fiji, direct medical 

costs and income loss were equally high in Mongolia and China [117,122-126]. Direct non-medical 

costs and income loss were the main cost drivers in Viet Nam [117,122-126].  

 

RecommendaƟons from naƟonal surveys of costs incurred by people with TB and their households 

The results of surveys of costs incurred by people with TB and their households informed a wide range 

of recommendations as listed below [122,124,125,127,128]: 

Direct medical costs:  

1. Improve access to quality TB diagnostic services through the decentralization and streamlining of 

pathways for people with TB to access care at all levels, which may result in minimizing diagnostic 

delay and reduction of costs incurred by people with TB, in collaboration with local government 

authorities.  

2. Actively engage in the discussion on the integration of TB services into the national health insurance 

scheme including TB benefit package design and its costing 

Direct non-medical costs: 

3. Improve nutritional support for people with TB including systematic nutrition assessment, 

counselling, and therapeutic and supplementary feeding for those in need, in coordination with the 

national nutrition programme 

For income loss:  

4. Establish a streamlined claim mechanism for people with TB to access sickness and unemployment 

benefits  

5. Explore a possible collaboration with labour and corporate sectors to improve workplace policies 

and services for people with TB including a way to protect employment of people with TB.  
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Costs incurred by people with diabetes and their households 

Not only TB, but diabetes also usually causes a substantial financial burden for people with diabetes 

and their households due to the necessity of lifetime disease management and the consequences of 

diabetes-related complications [129]. Delay in diabetes detection and also in the initiation of diabetes 

management can result in earlier and more frequent development of severe complications such as 

blindness, kidney disease, coronary heart disease, cerebrovascular disease and stroke, and those 

complications lead to premature disability and death which incur a higher financial burden in affected 

households [16,17]. In Kenya, a study assessed direct and indirect costs of diabetes, for which this 

study applied WHO recommended methods of national surveys of costs incurred by TB-affected 

households to diabetes  [130]. In 163 people with diabetes, the mean total annual costs for diabetes 

services was USD 673, and 10% and 12% of study participants reported costs for hospitalizations and 

irregular facility visits, respectively [130]. In that study, more than 50% of diabetes-affected 

households faced catastrophic costs using a threshold of 20% of annual household income, which is 

the definition of catastrophic costs due to TB used by WHO [117]. A study with a larger sample size in 

China (N=6,359 people with diabetes), reported that hospitalizations accounted for 73% of total 

diabetes costs, and the incidence of catastrophic costs was 24%, even with a higher threshold (40%) 

of annual household income [131]. 

 

Given this dual burden of TB and diabetes, there is a concern that people with concurrent TB and 

diabetes may be more likely to suffer damaging levels of associated costs than those with TB alone, 

yet there is limited data available on how co-morbidity impacts household costs associated with TB.  

 

1.2.5 Status of measuring costs of TB and diabetes from the provider and paƟent perspecƟves in 

the Philippines 

TB provider costs in the Philippines 

A multi-country study (VALUE-TB project) that sought to assess a comprehensive set of unit costs for 

providing TB services was conducted in five high-TB burden countries (HBCs) including the Philippines 

[132]. The study assessed costs for vaccination, case finding, diagnosis, and treatment including 

overhead costs from the provider perspective in 25 public and private facilities across 3 regions in the 

Philippines in 2018 in collaboration with NTP Philippines, WHO and London School of Hygiene and 

Tropical Medicine. The data produced by this study can be used for priority setting and to assess the 

cost-effectiveness of a range of TB interventions in the Philippines.  

 



33 
 

Diabetes provider costs in the Philippines 

In the Philippines, only one study was identified that assessed provider costs and availability of 

diabetes services. However the study was conducted in 2009, and only assessed unit cost for diabetes 

medications (e.g. price for oral hypoglycaemic agent or Insulin) [133]. Other cost categories for 

diabetes management such as costs for screening, human resources, equipment and total annual 

management costs per person have not yet been investigated in the Philippines. Furthermore, 

additional costs when diabetes services are within the TB programme were not identified in the 

Philippines context. 

 

Therefore, it was necessary to assess the costs of screening and diagnostic equipment, medications, 

human resources as well as costs for additional building space and necessary training for integrated 

diabetes services within the TB programme. These data are required to investigate the cost-

effectiveness of averting TB-related catastrophic costs in the current settings in the Philippines. 

 

Costs incurred by people with TB and their households in the Philippines 

Following the WHO recommendation, NTP in the Philippines conducted the first national TB patient 

cost survey in 2016-2017, which assessed direct costs (e.g. costs for TB drugs, consultations, 

hospitalization, transportation, or nutritional supplement and additional foods) and indirect costs (e.g. 

opportunity costs due to time lost due to travelling to health facilities, and waiting for and accessing 

healthcare services, loss of job or being too unwell to work) [117,134]. In the survey, 1,912 people 

with TB (1,592 DS-TB and 320 DR-TB) were enrolled as nationally representative samples. Overall, 

42.4% of TB-affected households faced catastrophic costs, and the incidence was much higher among 

households with people with DR-TB (89.7%). The total costs were driven by direct non-medical costs 

(43%) followed by income loss (40%) and direct medical costs (17%) [135]. The survey recommended 

a wide range of policy interventions to minimize costs incurred by TB-affected households such as 

“Coordinate with other health programmes to maximize the resources (e.g. collaborative activities for 

TB-HIV and TB-diabetes)” and “Integrate the NTP with the Social Welfare Program.” [135]. Since the 

survey was designed as a cross-sectional study following the WHO guideline, this survey (and all PCSs) 

could not provide information on “to whom” and “when” the interventions or social protections are 

more likely to be needed, and the extended impact on each individual was not captured 

[117,124,125,127].  
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While there is evidence on costs incurred by people with TB and their households in the Philippines 

from the national survey, there are no studies that assessed costs incurred by people with diabetes 

nor costs of comorbidity associated with TB and diabetes. 

 

1.2.6. Methodological issues in assessing “catastrophic costs due to TB” with WHO recommended 

methods 

The WHO’s handbook for national surveys of costs incurred by people with TB and households 

provides the standardized methods of the cross-sectional survey design for countries to assess the 

baseline and progress toward the target of “no TB-affected households facing catastrophic costs due 

to TB”, with feasibility, practicality and affordability [117]. However, since the publication of the 

handbook, several suggestions have been made to improve the survey methodology, such as 

implementation of multiple methods for indirect cost estimation, improving data collection methods 

for pre-diagnosis costs, adapting multidimensional wealth index to estimate ability to pay of TB-

affected households [136-139]. In this PhD project, I addressed two additional areas that may need to 

be considered in the WHO guidance on national surveys of costs incurred by people with TB and their 

households. 

 

1. Sampling and cost extrapolaƟon 

In the WHO recommended national surveys of costs incurred by people with TB and their households, 

the surveys collect the cost data of TB episode from those who were in TB treatment at the time of 

the interview, and since the surveys are designed cross-sectionally, the data collection is conducted 

only once per participant [48]. For those who are in the TB intensive phase, the data before TB 

diagnosis and during the TB intensive phase are collected, and for those who are in the TB continuation 

phase, only data during the TB continuation phase are collected [135,140]. Therefore, in order to 

estimate the costs for the total duration of a TB episode, the costs of the other treatment phase were 

extrapolated based on the median costs incurred by other people in that treatment phase at the time 

of the interview. For example, to estimate costs before TB diagnosis and during TB intensive phase for 

those in continuation phase at the time of interview, the median costs pre-treatment and during the 

intensive phase were taken from those interviewed during the intensive phase [128,141]. In this cost 

extrapolation method, cost differences between DS-TB and DR-TB, and those with and without 

hospitalizations were considered separately.  

 

When there are changes in health service utilization between the TB intensive and continuation 

phases and there are also changes in household income over the course of the TB episode due to 
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health status of the people with TB (e.g. become too unwell to work, start working again during TB 

treatment), the proportion of sampling from the intensive or continuation phase can affect the value 

of the total costs and the catastrophic costs when the WHO recommended cross-sectional data 

collection and cost extrapolation methods are used. However, in the current WHO handbook for 

national surveys of costs incurred by people with TB and their households, there is no concrete 

guidance on how the balance of sampling from intensive and continuation phases should be taken 

into consideration in the survey planning phase. As a result, in 14 journal publications so far based on 

the national surveys of costs incurred by people with TB and their households, the proportion of 

sampling from the TB intensive and continuation phases varied widely, from 19%:81% (Philippines 

[56]) to 53%:47% (Solomon Islands [142]). This variation in the sampling method and the lack of global 

guidance might have resulted in potential over- or under-estimation of the total costs incurred by TB-

affected households and the proportion of TB-affected households facing catastrophic costs due to 

TB. 

 

2. Measuring indirect costs using the output approach 

“Catastrophic expenditure”, which is being used as a part of UHC measurement, only assesses direct 

medical costs incurred by the general population in the cost assessment [143]. The WHO 

recommended national surveys of costs incurred by people with TB and their households includes 

direct non-medical costs and indirect costs (i.e. income loss or productivity loss) incurred by TB-

affected households, in addition to direct medical costs [140]. Prior to the development of the survey 

methods, WHO conducted a systematic review of studies that assessed costs incurred by TB-affected 

households, and the review revealed that indirect costs before TB diagnosis accounted for 26% of total 

costs [113]. This finding became the basis of the methodology development to include indirect costs 

in the surveys of costs incurred by people with TB and their households, and the WHO handbook 

clearly states that the surveys measure “indirect costs for the entire TB episode before and during TB 

treatment” [140]. 

 

Indirect (household) costs are estimated through two different methods: the output approach and 

human capital approach [117]. The output approach relies on self-reported household income before 

and during the TB episode, while the human capital approach uses reported time spent for care 

seeking and treatment during the TB episode multiplied by an individual’s hourly income estimated 

from reported income and working hours. The scope of indirect costs varies for these two approaches 

since the human capital approach includes the cost associated with care seeking before TB diagnosis 

while the output approach does not [56,124,142,144-151]. Therefore, the currently presented survey 



36 
 

results with the output approach might have underestimated the total costs borne by TB-affected 

households due to the exclusion of the indirect costs before TB diagnosis, and this means that an 

inconsistency exists between the global guidance and the actual implementation of surveys of costs 

incurred by people with TB and their households. 

 

1.3 RaƟonale for PhD 

1.3.1 Evidence gaps for integrated care for TB and diabetes 

Despite increased political and public health awareness of diabetes management within TB services, 

there is a lack of evidence to inform policy for people with concurrent TB and diabetes. In the 

Philippines, integrated service delivery for PLWD within TB diagnostic and care network was identified 

as a goal to be achieved in the last WHO joint programme review in March 2016. The current TB-NSP 

includes integrating TB with other health programs including NCDs as a key activity targeting 90% of 

TB cases to be screened for diabetes by 2022 [62,63]. 

 

Towards ending TB in the sustainable development era and specifically for goal three, to achieve zero 

catastrophic costs faced by TB-affected households by 2030, assessment of economic impact of TB in 

TB-affected households is globally on-going especially in TB high burden countries. However, no 

studies or national surveys assessed whether people with concurrent TB and diabetes face a greater 

economic burden than those without diabetes. Although the policy for bi-directional screening of TB 

and diabetes is recommended in the Philippines, the incremental health system costs for providing 

the integrated care, how the integration impacts the economic burden on people with concurrent TB 

and diabetes and their households and the cost effectiveness of providing diabetes screening and 

diagnosis for people with TB are also not yet assessed.   

 

1.3.2 Methodological gaps for catastrophic costs due to TB 

In this PhD project, two methodological gaps assessing TB-related catastrophic costs will be 

addressed:  

In the WHO recommended approach to assess “catastrophic costs due to TB”, surveys are 

implemented with a cross-sectional design as it is the most feasible, practical and affordable approach, 

and therefore a number of simplified assumptions are used to estimate total costs throughout TB 

treatment. No publications document the degree of effect of these assumptions on estimated total 

costs by comparing results from longitudinal and cross-sectional approaches. 
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Also, in the surveys of costs incurred by people with TB and their households that relied on the output 

approach, the indirect costs were excluded from the estimation of the total costs while the WHO 

handbook for the surveys clearly recommended including it as a part of the total cost estimation. This 

PhD project assessed the impact of indirect costs before TB diagnosis to highlight the inconsistency 

between the survey recommendation and the actual implementation. 

 

1.4 Aim and objecƟves of the thesis 

The key research question of this project was: could integrated care for TB and diabetes cost-

effectively reduce catastrophic costs faced by TB-affected households in the Philippines. The aim of 

this study was to assess whether economic impacts faced by people with concurrent TB and diabetes 

and their households are greater than those with TB-only, and to assess the cost-effectiveness of 

integrated care for TB and diabetes which mitigates the economic impacts in TB-affected households 

in the Philippines.  

 

There were four PhD objectives: 

Objective 1:  To estimate the direct medical, direct nonmedical and indirect costs incurred by people 

with concurrent TB and diabetes and their households using longitudinal data collection. 

Objective 2: To identify the potential biases of the WHO recommended cross-sectional study design 

for TB catastrophic cost estimates and to explore optimal approaches for sampling and analysing 

cross-sectional cost data for the catastrophic cost estimates. 

Objective 3: To assess the provider costs of diagnosing and managing diabetes for people with TB 

across 2 different levels of integration of diabetes services within TB services. 

Objective 4: To assess the cost-effectiveness of integrating diabetes services within TB programme in 

the Philippines. 

 

1.5 Conceptual framework of this PhD 

1.5.1 Framework of PhD studies 

This PhD project consists of four research activities and one data extraction for four main objectives 

(Figure 3). Data collection for costs incurred by people with TB-only and with concurrent TB and 

diabetes and their households (activity 1) provided the evidence for changes of TB- and diabetes-

related costs and coping mechanism over TB treatment period (output 1) which determine “when” 

and “to whom” social protection and supports are most required, and the evidence on difference of 

TB patient costs between longitudinal and cross-sectional study designs (output 2) which informed 
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the validity of the globally recommended cross-sectional method to extrapolate costs used in national 

surveys of costs incurred by people with TB and their households. 

 

Data collection for the provider costs of diabetes was conducted as activity 2 of this PhD project to 

inform the policy making process about the health system costs of implementing TB and diabetes 

service integration (output 3). 

 

The ultimate goal of this PhD project, cost-effectiveness of TB and diabetes service integration (activity 

4) to mitigate catastrophic costs (output 4), was achieved by using the TB and diabetes patient cost 

data (activity 1), diabetes provider costs within TB programme (activity 2), TB provider costs (data 

extraction 1 from VALUE-TB), and a simple TB-diabetes decision tree model (activity 3). 

 

Figure 3. PhD Conceptual Framework 

 

 

1.5.2 Overall structure and methodological approach of the thesis 

The research gaps identified in background and literature review of this thesis, the objectives and 

methods of this PhD addressing identified research gaps are summarised in Table 1. 

 

Chapter 2 provides the estimates of direct costs and income loss associated with TB and diabetes care 

seeking, diagnosis and treatment. The study was conducted as a longitudinal study, which adapted 

the WHO recommended cross-sectional design of national surveys of costs incurred by people with 

TB and their households [117], with four data collection time points over an episode of TB (Objective 

1; Research paper 1). The research paper included the comparison of costs, household income, 

Research Activity 1
TB and diabetes patient 
costs; Longitudinal data 
collection

Research Activity 2
DM provider costs
(incremental costs in 
TB programme)

Data Extraction 1
TB provider costs in the 
Philippines
(VALUE-TB)

Output 1
Changes of TB and diabetes 
patient costs and coping 
mechanism over TB 
treatment period

Research activity 3
Developing a simple 
TB-DM decision tree
model

Output 3
Cost of diabetes screening, 
diagnostic testing and 
routine management for 
people with TB

Output 2
Difference of TB costs 
between longitudinal vs WHO 
recommended extrapolation

Output 4
Cost effectiveness of
integrating diabetes 
outpatient services within TB
programme

Impact & Significance

 Determine “when” and “to whom” 
social protections are most needed

 Provide evidence of dual financial 
burden due to TB and diabetes

 Reveal limitations of globally 
recommended cross-sectional 
approach and method to 
extrapolate total TB patient costs

 First evidence on costs of providing 
diabetes outpatient services for 
people with TB in low- and middle-
income countries

 First model-based CEA focusing on 
cost effectiveness of TB and 
diabetes service integration

Research activity 4
Cost effectiveness 
analysis from the 
societal perspective
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received social protection support, coping mechanisms and social consequences between people with 

concurrent TB and diabetes and those with TB-only. 

 

Objective 2 was addressed using the data collected for Objective 1; Research paper 1. The analysis 

was to identify the potential biases of the WHO recommended cross-sectional study design for TB 

catastrophic cost estimates and to explore optimal approaches for sampling and analysing cross-

sectional cost data for the catastrophic cost estimates. This was conducted by comparing the results 

of total TB patient costs and the catastrophic cost estimates between the longitudinal study design 

and the simulated cross-sectional study designs with different sampling proportions from TB intensive 

and continuation phases, i.e. 20%:80%, 35%:65% and 50%:50% (Research paper 2). The analysis also 

assessed the impact of income loss before TB diagnosis on the catastrophic cost estimates, which were 

identified in this thesis as an existing inconsistency between the WHO guidance and the actual 

implementation of national surveys of costs incurred by people with TB and their households. 

 

For Objective 3, this PhD project assessed the health system costs of providing diabetes outpatient 

services for people with TB. The data collection was conducted as a cross-sectional micro-costing study 

and assessed costs of drugs, staff time, consumables and equipment required for various diabetes 

outpatient services (Research paper 3). The WHO ‘‘Costing Guidelines for Tuberculosis Interventions’’ 

was adapted for the data collection, analysis, and reporting to assess the cost of diabetes outpatient 

services [152-155]. This research paper provided the unit cost of diabetes outpatient services, cost 

per diabetes case detected as well as estimated monthly costs of routine diabetes management per 

patient. 

 

Objective 4 was addressed by conducting a cost effectiveness analysis of providing diabetes 

outpatient services, using data collected and used for Objective 1 (TB and diabetes patient costs) and 

Objective 3 (diabetes provider costs) as well as the extracted data from VALUE-TB project (TB provider 

costs). A decision tree model was developed to assess the cost-effectiveness of providing diabetes 

testing for 90% of people with an unknown diabetes status at their TB diagnosis (based on the national 

strategic plan of TB in the Philippines) and subsequent routine diabetes care (Research paper 4). 

Incremental costs and DALYs averted of the intervention scenario were compared to a scenario of 

providing TB treatment only. Cost-effectiveness of the intervention was assessed from the provider 

and societal perspectives. 

 



40 
 

In addition to the contents from the published research papers and submitted manuscripts, additional 

analyses and methodological considerations and clarifications that could not be featured in detail in 

the publications were included in chapter 2-5.  

 

Table 1. Synopsis of research gaps, objectives, methods and corresponding chapters and research 

papers 

# Research gaps PhD Objectives Methods Chapter and 
research 
paper 

1 Lack of evidence on 
financial burden 
incurred by TB and 
diabetes.  

To estimate direct costs 
and income loss 
associated with TB and 
diabetes care seeking, 
diagnosis, and treatment 
using longitudinal data 
collection. 

Longitudinal study assessing TB and 
diabetes patient costs, with four data 
collection timepoints over the TB episode 
(at TB diagnosis, the end of TB intensive 
phase, the mid- and end-points of TB 
continuation phase) in the Philippines 

Chapter 2 
Research 
paper 1 

2 Lack of evidence on 
the degree of effect of 
assumptions used in 
the WHO 
recommended 
methods on 
estimating TB patient 
costs and the 
catastrophic cost 
estimates. 

To identify the potential 
biases of the WHO 
recommended cross-
sectional study design for 
TB catastrophic cost 
estimates and to explore 
optimal approaches for 
sampling and analysing 
cross-sectional cost data 
for the catastrophic cost 
estimates. 

Using data from the longitudinal study 
assessing TB and diabetes patient costs: 
1) compare the results of total TB patient 
costs and the catastrophic costs between 
the longitudinal study design and the 
simulated cross-sectional study designs 
with different sampling proportions from 
TB intensive and continuation phases 
2) reassessing the impact of indirect costs 
before TB diagnosis on the total TB patient 
costs and the catastrophic cost estimates 

Chapter 3 
Research 
paper 2 

3 Limited evidence on 
costs of providing 
diabetes services for 
people with TB. 

To assess the provider 
costs of diagnosing and 
managing diabetes for 
people with TB within TB 
services. 

Cross-sectional micro-costing study 
assessing diabetes outpatient services 
provided for people with TB at their TB 
diagnosis 

Chapter 4  
Research 
paper 3 

4 Lack of evidence on 
the cost-effectiveness 
of providing diabetes 
screening and 
diagnosis for people 
newly diagnosed with 
TB. 

To assess the cost-
effectiveness of 
integrating diabetes 
services within the TB 
programme in the 
Philippines. 

Using data on patient costs for TB and 
diabetes, provider costs for diabetes 
outpatient services within the TB 
programme, assessing the cost-
effectiveness of providing diabetes 
screening and diagnosis from the provider 
and societal perspectives. 

Chapter 5 
Research 
paper 4 

 

1.5.3 Study seƫng 

ObjecƟves and study seƫngs of main cohort study (St-ATT study) 

All of the longitudinal data collection for costs incurred by people with TB and diabetes and their 

households and provider costs for diabetes outpatient services for people with TB were conducted 

within a cohort study conducted by Dr Sharon Cox (a former Professor of Nutrition at Nagasaki 

University): “main study”. The aim of the main study was to measure the effects of malnutrition and 

diabetes in people with TB and investigate associations with treatment outcome through potential 
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effects on treatment compliance, drug side effects, glycaemic control, weight gain and nutrition during 

treatment and cell-mediated immune responses [76,156]. The primary objective was to estimate the 

effect of malnutrition (BMI <17.0 kg/m2) and diabetes on risk of adverse treatment outcome (death, 

loss to follow-up, incomplete treatment or treatment failure) in people with DS-TB and people with 

DR-TB enrolled on the WHO shorter regimen. Study participants aged 18 years or more who initiated 

a new TB treatment regimen were recruited from participating NTP DOTs and iDOTS centres (i.e. those 

implementing the WHO 9-month all-oral regimens to eligible people with DR-TB) within the National 

Capital Region (NCR), Negros Occidental (Region IV) and Cebu (Region VII). Therefore, the selected 

sites of the main study included: 

 Manila, NCR (not used for our study sites): San Lazaro Hospital, San Nicholas Health Centre 
 Negros Occidental, Western Visayas (used for our study sites): Valladolid Health Centre, Bago 

City Health Centre, Bacolod Health Centre, La Carlota Health Centre, Pablo O. Torres Memorial 
Hospital 

 Cebu, Central Visayas (used for our study sites): Compostela Health Centre, Carmen Health 
Centre, Consolacion Health Centre, Eversley Childs Sanitarium and General Hospital, Lapu-
Lapu Health Centre, Vicente SoƩo Hospital. 
 

Study sites of this PhD 

For this PhD project, the study sites of Negros Occidental (Region IV) and Cebu (Region VII) were used 

for assessing costs incurred by people with TB and diabetes and their households (Objective 1; 

Research paper 1 & Objective 2; Research paper 2), and those of Negros Occidental (Region IV) were 

used for assessing costs of providing diabetes outpatient services for people with TB (Objective 3; 

Research paper 3) (Figure 4). To perform the cost-effectiveness analysis of providing diabetes 

screening and diagnosis for people with TB, the required parameters including the proportion of 

known diabetes, proportion of people with suspected diabetes by screening test and proportion of 

people diagnosed with diabetes by confirmatory test, were extracted from the main study (Objective 

4; Research paper 4). 
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Figure 4. Study sites of the PhD research 

 
*Red dots represent the location of the PhD study sites 
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1.6 Methodological approach: details 

1.6.1 Objective 1. To estimate the direct medical, direct nonmedical and indirect costs incurred 

by people with concurrent TB and diabetes and their households using longitudinal data collection. 

Cost data were collected from people with concurrent TB and diabetes and also from those with TB 

only who were enrolled in the main study between November 2018 and October 2020. The aim was 

to assess the costs incurred, income earned and coping mechanisms before TB diagnosis until 

completion of TB treatment and also to assess the difference in costs incurred by people with TB-

diabetes and TB-only. People with pulmonary TB including DR-TB who were 18 years and over were 

eligible to participate in this study following the eligibility criteria of the main study. Although people 

with TB-HIV were included in the main study, they were excluded in this costing study to exclude the 

financial impact from TB-HIV coinfection. 

 

Data Collection of TB and diabetes costs 

Research nurses hired through a local research collaborator, the Nutrition Centre of Philippines (NCP), 

and trained for research ethics and data collection tools were based in each study site to recruit study 

participants from the main study into this economic sub-study. After the research nurses explained 

the purpose of this research with written information sheet while people diagnosed with TB were 

waiting at each study site, people who agreed to participant in the research and signed the informed 

consent form were enrolled. Data collection for costs incurred by people with TB and their households, 

household income and coping strategy was conducted by interview at each participant’s home and/or 

by telephone during the COVID-19 outbreak since they were unable to conduct face to face interviews 

during that period. To capture the total costs incurred by people with TB and affected households, the 

in-person interview was held four times for each participant; 1. To determine the costs incurred prior 

to TB diagnosis the first interview was conducted at the time of starting TB treatment; 2. To determine 

the costs incurred during the TB intensive phase (2 months for DS-TB, 4-6 months for 9-month all-oral 

DR-TB regimens) the second interview was conducted at the end of TB intensive phase; 3. To 

determine the costs incurred during TB continuation phase  (4 months for DS-TB and 5 months for 9-

month all-oral DR-TB regimens) third and fourth interview were conducted at the middle and end of 

the TB continuation phase. In the last half of the continuation phase, participants can usually return 

to their normal working schedule since they are likely to have recovered physically and TB symptoms 

have resolved, therefore, the costs or income loss and the impacts on the TB-affected household 

during the first half and last half of the continuation phase might be different. Hence, to capture 

accurate cost data, in-person interviews were conducted twice in the TB continuation phase. 
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Costs collected in this study consisted of direct medical costs (e.g. medical consultation fees, drugs, 

diagnostic tests before starting treatment, monitoring tests, hospitalization), direct non-medical costs 

(e.g. transportation costs, food and supplements, and accommodation), and indirect costs (e.g. 

income and asset losses due to illness, including time to seek medical care and get tests done, collect 

drugs, being too unwell to work and paying for a care giver e.g. for a child or other dependents). Costs 

during TB screening and follow-up until the end of TB treatment, was assessed using the WHO tool for 

national surveys of costs incurred by people with TB. The tool was adapted for concurrent TB and 

diabetes in Open Data Kit (ODK). The tool for costs incurred for diabetes management was developed 

using the same structure and framework as the WHO tool for national surveys of costs incurred by 

people with TB, and included questions about costs, lost time, and income loss for diabetes drug pick-

up, regular screening, irregular visits for diabetes-related hospitalizations and complications. An 

expected consent rate of 90% is based on our previous experience and from the national survey of 

costs incurred by people with TB and their households in the Philippines.  
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Figure 5. flow of participants for assessing costs of TB and diabetes from the patient perspective 

I expected that approximately 640 people with 

TB from the main study would be available for 

enrolment into this costing sub-study from 

November 2018 to February 2020. I excluded 

those with HIV and COVID-19 pneumonia 

(expected 3%) resulting in 620 potentially 

eligible participants. Assuming a consent rate of 

90% for this costing study, I expected to enrol 

558 people with TB with known diabetes status 

(expected 9-12% with diabetes [157]). 

Assuming that 90% of these were successfully 

followed up, I expected data on total TB patient 

costs to be available for 502 people with TB 

(Figure 5).  The 90% retention rate was 

estimated from the treatment success rate for 

DS-TB (91% in 2016) in the Philippines. A 

sample size of 60 people with TB and diabetes 

and 120 people with TB only was powered at 

90% to detect a minimum effect size of a 17% 

increase in total costs as a proportion of 

household income between TB-diabetes vs TB-

non-diabetes. This assumed a mean of 18.5% of annual household income for non-diabetes TB from 

a study that assessed costs of people with diabetes and their households in Thailand [104,158].  

 

The total costs over the full course of treatment were compared with results from a simulated cross-

sectional approach. The simulated cross-sectional approach extrapolated the costs from a random 

sample of participants at the end of the intensive phase and the middle of the continuation phase. 

Each participant was randomly allocated to either the intensive phase or continuation phase group. 

The deterministic sensitivity analysis was conducted to determine which factors most affect potential 

over- or under-estimation of the total costs and incidence of catastrophic costs. 
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1.6.2 Objective 2. To identify the potential biases of the WHO recommended cross-sectional study 

design for TB catastrophic cost estimates and to explore optimal approaches for sampling and 

analysing cross-sectional cost data for the catastrophic cost estimates. 

Longitudinal study design 

Using longitudinal data collected for objective 1, it was first interpolated backwards for the period 

since the last interview using the data on costs incurred for the last visit by purpose of visits (i.e. 

hospitalization, directly observed therapy, medical follow-up and drug pick-up) and the frequency of 

each visit type during each phase. Then total costs were estimated by summing up the costs per phase. 

Catastrophic cost due to TB was defined as total costs, consisting of direct medical and non-medical 

costs and indirect costs, exceeding 20% of annual household income of people with TB following the 

WHO definition [117]. To be consistent with the method used for the Philippines national survey of 

costs incurred by people with TB and their households, this PhD project used the output approach as 

the primary method for estimating indirect cost (defined as the difference in self-reported household 

income before having TB symptoms and at the time of each data collection). Reported annual 

household income before having TB was used as a primary indicator for ability to pay (denominator 

for estimating catastrophic costs due to TB, output approach). For TB-affected households reporting 

zero income even before having TB, annual household income was imputed using a regression model 

based on household assets). 

 

Simulating catastrophic cost estimates collected using cross-sectional design 

To assess the difference in the cost estimates between the longitudinal and cross-sectional study 

designs, the total costs incurred by people with TB and their households over the full course of 

treatment were estimated also with a simulated cross-sectional design.  

 

In the simulated cross-sectional method, the aim was to simulate data on incurred expenses captured 

only at one time point (either at the end of the intensive phase or in the middle of the continuation 

phase) per participant. Therefore, our samples collected in objective 1 were randomly allocated into 

two groups, either those for whom data would have been collected at the end of the intensive phase 

or those for whom data would have been collected in the middle of the continuation phase in 

accordance with WHO guidance. In order to assess the impact of the sampling balance from TB 

intensive and continuation phases, we replicated samples with different proportions of the sample in 

the intensive phase versus the continuation phase (i.e. 20%:80%, 35%:65%, 50%:50% for the 

proportion of samples in the intensive and continuation phases respectively). The selection of these 

different proportions was based on the most commonly reported proportions used in published 
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surveys of costs incurred by people with TB and their households conducted using the WHO 

recommended methodology [56,124,142,144-151,159,160].  

 

The direct medical and non-medical costs of the other treatment phase were extrapolated based on 

the median costs estimated from the data of other participants in that treatment phase, following the 

WHO recommended extrapolation methods [117]. For example, to estimate the direct costs before 

TB diagnosis and during the intensive phase for participants who were in the middle of the 

continuation phase at the time of data collection, the median costs before TB diagnosis and during 

the intensive phase were taken from the participants who were in the intensive phase when data was 

collected from them. In this extrapolation process for the direct costs, differences in the costs by drug-

resistance status and with/without hospitalization(s) were considered.  

 

1.6.3 Objective 3. To assess the provider costs of diagnosing and managing diabetes for people 

with TB within TB services.  

The current service integration for TB and diabetes services differs by area and level of facility, and 

three different patterns were identified in the study sites for TB and diabetes patient costs in the 

Philippines (Figure 6). 

 

Pattern 1. Drug pick-up for TB and diabetes are integrated at community level (barangay health 

centre). However, diagnosis for TB and diabetes are provided at different levels of health facilities 

(diagnosis for TB is at the city/rural health unit and for diabetes it is at the district hospital). First screen 

and regular monitoring by Point of Care (POC) HbA1c or fasting blood glucose are not provided in 

public health facilities, and therefore people living with diabetes have to visit private pharmacies for 

these services. 

 

Pattern 2. Drug pick-up for TB and diabetes are integrated at secondary health facility level (city or 

rural health unit). Some cities or rural health units do not allow TB medications to be provided at the 

community level, and therefore, for TB drug pick-up, people with TB and diabetes have to visit 

secondary health facility levels where diabetes medications are also available.  

Pattern 3. All services for TB and diabetes are integrated in Programmatic Management of Drug-

resistant TB (PMDT) facilities at district hospitals for people with DR-TB.  
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Figure 6. Patient pathway for TB and diabetes services  

 

 

Data collection for diabetes provider costs was conducted in selected study city health centres in 

Negros and Cebu where the data collection for TB and diabetes patient costs was being conducted. 

Costs included were: 

Recurrent costs: consumables for diabetes risk score, POC FBS, RPG and HbA1c, and salaries of 

healthcare staff 

Capital costs: building space and equipment 

Micro-costing is useful for estimating the cost associated with community-based studies and the raw 

data includes not only medical supplies used for treatment but also personnel hours, building cost and 

equipment cost for health facilities [161]. This costing method is also useful for decision-making where 

the cost of production of the cost centre is allocated to each unit of service [134]. Micro-costing 

enumerates staff time, supplies and items used to provide a specific service and estimates their costs. 

The method needs to include all costs; cost of development, set-up, screening, supplies, and space, 

and also ideally non-wage labour cost such as social insurance expenditure or labour taxes and 

overhead cost. The biggest advantage of this method is accuracy, and it is often needed to find the 

cost of a service intervention. On the other hand, the method is too labour intensive to estimate all 

the health services and thus must be limited to activities most likely to be affected by the specific 

intervention [162]. The total cost is divided into recurrent and capital costs. Recurrent costs include 

consumables for diabetes screening such as POC HbA1c and also salaries for additional human 

resource, and capital costs include building space to provide diabetes services within DOTS facilities 

as well as equipment and training costs for providing diabetes screenings [134]. 
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1.6.4 Objective 4. To assess cost-effectiveness of integrating diabetes services within the TB 

programme in the Philippines. 

WHO is developing new guidance on diabetes management for people with TB, and it will be added 

to the operational handbook on tuberculosis: TB and comorbidities [48]. The current WHO guidance 

on managing comorbidities for people with TB recommends three different models of integrated care: 

stand-alone screening provided separately for TB and comorbidities, then referred for diagnosis and 

treatment (separate service delivery model); screening and diagnosis service provided by providers 

for TB and comorbidities located in the same premises, then referred for treatment (co-located 

services model); screening, diagnosis and treatment fully integrated and provided by a service 

provider (one-stop-shop model) [48,49]. WHO conducted a stakeholder consultation in October 2023 

to discuss the latest evidence and the evidence gap on diabetes management for people with TB and 

to develop the operational handbook. Many evidence gaps were identified in the consultation 

meeting, such as the lack of evidence on optimal algorithms and timing of providing diabetes testing, 

association of early diabetes screening and case detection with improvement of TB treatment 

outcomes. The cost-effectiveness of early detection and management of diabetes in people with TB 

was also listed one of the topics with evidence gap. 

 

In this PhD project, a simple decision tree was developed to estimate the incremental cost-

effectiveness of providing diabetes screening and diagnosis as outpatient services for people with TB 

at their TB diagnosis. The intervention was defined as providing diabetes screening and diagnosis and 

the subsequent diabetes management for 90% of people diagnosed with TB who do not know their 

diabetes status at the time of TB diagnosis.  

 

The cost and health outcomes were compared with the base case scenario which provides TB 

treatment only. The probability of diabetes screening and diagnostic results and TB treatment 

outcomes were extracted from the main study (St-Att study) [76,163]. Diabetes status was categorized 

into three: non-diabetes, unmanaged diabetes and managed diabetes. TB treatment outcomes had 

four categories: treatment success, loss-to-follow-up, treatment failure and death. The costs were 

assessed from the societal perspective using the patient cost data of TB and diabetes (objective 1) and 

the provider cost of diabetes outpatient services for people with TB (Objective 3) [164,165]. TB 

provider costs were extracted from the VALUE-TB study that assessed health system costs of TB 

interventions using a nationally representative sample of health facilities in the Philippines [152,153]. 

Health outcomes were assessed using disability-adjusted life years (DALYs) averted, and DALY weights 

for health states of TB and diabetes were extracted from the latest Global Burden of Disease study 
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[166]. Since no data were available for the transition between unmanaged and managed diabetes in 

lifetime, for simplicity, we assumed no transitions of TB- and diabetes-related health status after the 

completion of TB treatment.  
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CHAPTER 2. COSTS INCURRED BY PEOPLE WITH CO-MORBID 

TUBERCULOSIS AND DIABETES AND THEIR HOUSEHOLDS IN THE 

PHILIPPINES 

2.1 Preamble 

This paper presented the results of a study that assessed costs incurred by people with TB-only and 

with concurrent TB and diabetes who received TB diagnosis and treatment at public health facilities 

in Cebu and Negros Occidental, the Philippines. At the time this research paper was written, there was 

no evidence on the financial burden faced by people with concurrent TB and diabetes, even though 

diabetes is one of risk factors of TB, and an estimated 0.37 million incident cases of TB was attributable 

to diabetes globally. The aim of this analysis was to assess the difference in health service utilization 

and patient costs between people with TB and diabetes (TB-DM) vs with TB-only. 

 

This study was conducted as a nested study within a cohort study (St-Att study, the main study), which 

evaluated the effects of malnutrition and diabetes on TB treatment outcomes in Manila, Cebu and 

Negros Occidental, the Philippines. We collected costs, income, coping mechanisms and social 

consequences of TB and diabetes from care seeking until the end of TB treatment. Costs consisted of 

direct medical costs (including consultation fees, drugs, screening and diagnostic tests, and 

hospitalization), direct non-medical costs (including transportation, food and supplements, and 

accommodation), and indirect costs (income losses). The data collection tool was adapted to the 

longitudinal study design from the national TB patient cost survey in the Philippines and the WHO 

handbook for surveys of costs incurred by people with TB and their households. In order to assess the 

patient costs of diabetes, data collection items assessing direct medical costs (e.g. diabetes screening 

and diagnosis, diabetes medications, hospitalization for diabetes-related complications) non-medical 

costs (e.g. transportation, food, accommodation for visiting health facilities for diabetes care and 

nutritional supplement for diabetes) and indirect costs of diabetes were added in the data collection 

tool. The data collection was conducted in Cebu and Negros Occidental between November 2018 and 

October 2020. Catastrophic cost due to TB and diabetes was defined as total costs, consisting of direct 

medical and non-medical costs and indirect costs, exceeding 20% of ability to pay as per the WHO 

definition used in surveys of costs incurred by people with TB and their households.  

 

We found that people with TB-diabetes faced a substantially higher burden in terms of health service 

utilization. However, this did not translate into higher total costs given the limited overall cost of 

medical expenses and transport costs in our patient populations. There was no significant difference 
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in the total costs between those with TB-DM (USD 1,178) and TB-only (USD 917) with a p-value of 

0.208, and between those with TB-DM receiving diabetes management (TB-managed DM (USD 1,363) 

and TB-DM not receiving diabetes management (TB-unmanaged DM) (USD 841) with a p-value of 

0.078. This study was able to enrol only a small sample of people with TB-DM (N=144), and our study 

participants did not have severe complications caused by diabetes. This might result in having a low 

financial impact of diabetes. Hence, further studies with a larger sample size of TB-DM are required 

to understand the economic impact of TB comorbid with diabetes in the Philippines. 

 

This research paper was published in PLoS One in January 2024, and the paper was reproduced in this 

chapter with no revisions or adaptation from the published manuscript. Additional information 

section (section 2.9) was included to provide clarifications of methods, results and discussions for the 

purpose of the thesis development. 
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2.3 Abstract 

Objective: 

Diabetes is a risk factor for TB mortality and relapse. The Philippines has a high TB incidence with co-

morbid diabetes. This study assessed the pre- and post-TB diagnosis costs incurred by people with TB 

and diabetes (TB-DM) and their households in the Philippines. 

 

Methods: 

Longitudinal data was collected for costs, income, and coping mechanisms of TB-affected households 

in Negros Occidental and Cebu, the Philippines. Data collection was conducted four times during TB 

treatment. The data collection tools were developed by adapting WHO’s cross-sectional questionnaire 

in the Tuberculosis Patient Cost Surveys: A Handbook into a longitudinal study design. Demographic 

and clinical characteristics, self-reported household income, number of facility visits, patient costs, 

the proportion of TB-affected households facing catastrophic costs due to TB (>20% of annual 

household income before TB), coping mechanisms, and social support received were compared by 

diabetes status at the time of TB diagnosis. 

 

Results: 

530 people with TB were enrolled in this study, and 144 (27.2%) had TB-DM based on diabetes testing 

at the time of TB diagnosis. 75.4% of people with TB-DM were more than 45 years old compared to 

50.3% of people with TB-only (p<0.001). People with TB-DM had more frequent visits for TB treatment 

(120 vs 87 visits, p=0.054) as well as for total visits for TB-DM treatment (129 vs 88 visits, p=0.010) 

compared to those with TB-only. There was no significant difference in the proportion of TB-affected 

households facing catastrophic costs between those with TB-DM (76.3%) and those with TB-only 

(68.7%, p=0.691). 

 

Conclusion: 

People with TB-DM in the Philippines face extensive health service use. However, this does not 

translate into substantial differences in the incidence of catastrophic cost. Further study is required 

to understand the incidence of catastrophic costs due to diabetes-only in the Philippines. 
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2.4 IntroducƟon 

In 2015, the World Health Organization (WHO) set the End TB Strategy, aiming “to ensure that no 

family is burdened with catastrophic expenses due to TB by 2020” [1]. To capture the situation of TB-

associated household costs and monitor the progress toward achieving this target, WHO supports 

countries to conduct baseline and periodic TB patient cost surveys [2]. Their guideline prescribes 

conducting a national TB patient cost survey using a feasible and affordable cross-sectional design to 

assess direct costs (for medications, consultations, hospitalization, transportation, accommodation, 

and supplements) and indirect costs (such as income loss) [5, 6].  

 

Diabetes increases the risk of progressing to active TB disease and may increase the risk of poor TB 

treatment outcomes, thus contributing to ongoing transmission, particularly where diabetes is poorly 

managed [3-6]. As such, the risk of death and the risk of relapse are also higher among people with TB 

and diabetes (TB-DM) [4]. Therefore, enhancing diagnosis and management of diabetes may improve 

the rate of decline of TB incidence. The WHO published a separate guideline to develop and implement 

collaborative actions aimed at reducing the dual burden of TB-DM. The guideline included bi-

directional screening of TB in people living with diabetes and of diabetes in people with TB; as well as 

monitoring and evaluation of collaborative TB-DM activities [7,8]. 

 

Given this dual burden there is a concern that people with TB-DM may be more likely to suffer 

damaging levels of associated costs than those with TB alone, yet there is limited data available on 

how co-morbidity impacts household costs associated with TB. For HIV, another common comorbidity 

of TB, a study assessing patient costs for TB-only, HIV-only, and TB-HIV showed that people with TB-

HIV visited health facilities more frequently (18.4 times per month) than those with TB-only (16.0 

times) or HIV-only (2.2 times) due to fragmented services [9]. A similar situation is expected for the 

comorbidity of TB-DM, and therefore this study assesses the costs of diabetes diagnosis and treatment 

among people with TB-DM.  

 

2.5 Methods 

Study setting 

The Philippines is classified by the WHO as one of the 30 high burden countries for both drug 

susceptible TB (DS-TB) and multidrug-resistant and rifampicin-resistant TB [10-12], with an estimated 

TB incidence of 650 per 100,000 in 2021 [11,12]. In the Philippines, the National Tuberculosis Control 

Program (NTP) conducted a nationwide TB patient cost survey in 2015–2017 using the WHO 

recommended method [2,13]. The results of the survey found 42.4% (95% confidence interval (95% 
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CI) 40.2%-44.6%) of TB-affected households faced catastrophic costs [12,14]. The Philippines has a 

high TB incidence with co-morbid diabetes (22,000 adult TB incident cases were attributable to 

diabetes in 2021) [12,15]. 

 

In the Philippines, costs for diabetes diagnosis and management are not fully covered by national 

insurance, the NTP or the non-communicable disease control programme, but direct medical costs for 

TB treatment and diagnosis are covered [16,17]. Social support is provided by the NTP for people with 

drug-resistant TB (DR-TB) with the purpose of improving treatment adherence and includes food 

packages and transportation fees for visiting health facilities [14,18,19]. Furthermore, The 

Department of Social Welfare and Development (DSWD) of the Philippines has a nationwide 

conditional cash transfer (CCT) programme for households living in poverty, and as of 2016, the CCT 

programme covered 4.4 million households, equivalent to 20% of the total population [20]. 

 

Patient costs for TB and diabetes were collected within an ongoing cohort study. The aim of the main 

cohort study was to measure the effects of malnutrition and diabetes on TB treatment outcomes in 

people with TB in Manila, Negros Occidental and Cebu, Philippines [21]. 

 

Study design 

We collected cost data from people with TB, enrolled in the cohort study between November 2018 

and October 2020. The aim was to assess the changes in costs incurred, income earned and coping 

mechanisms before TB diagnosis until completion of TB treatment, and also assess the difference in 

costs incurred by people with TB-DM and TB-only. People with pulmonary TB including DR-TB who 

were 18 years and over were eligible to participate in this study following the eligibility criteria of the 

main study. Although people with TB-HIV were included in the main study, they were excluded in this 

costing study to exclude the financial impact from TB-HIV coinfection. 

 

This costing study used a sub-sample of 11 health facilities located in two regions of the Philippines: 

Negros Occidental and Cebu. After excluding people with HIV (expected 3%), 620 people with TB from 

the main study were expected to be eligible for this study from November 2018 to February 2020. 

Assuming a 90% consent rate and 91% treatment completion rate, we expected to collect patient cost 

data from a total of 502 people with TB. Given 9-12% of the cohort were estimated to have diabetes 

(45-60 people) [22], we estimated that our sample size of 502 people with TB was sufficiently powered 

to detect a minimum 17% increase in total costs [23,24]. 
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Research nurses were based in each study site to recruit study participants from the main study into 

this study. The research nurses explained the purpose of this sub-study using a printed information 

sheet, in relevant local languages and English. People who agreed to participate in this research and 

signed the additional informed consent form were enrolled. Data collection for patient costs, 

household income and coping strategies was subsequently conducted by an in-person interview at 

each participant’s home or by telephone during the period of COVID-19 lockdowns. To capture the 

total TB and diabetes-related costs incurred, patient interviews were conducted four times per 

patient; at the start of TB treatment for costs before TB diagnosis, at the end of the TB intensive phase 

for costs in TB intensive phase, and during the middle and end of the TB continuation phase for costs 

during the first half of the TB continuation phase and costs during the second half of the TB 

continuation phase. The enrolment of study participants was conducted from 11 November 2018 until 

21 February 2020, and all the required follow-up data collection completed on 4 August 2020. 

 

We used data collection tools derived from the national TB patient cost survey adapted for the 

Philippines [14] and used the same cost categories to estimate the costs incurred by those with TB-

DM and with TB-only. These in turn are based on the WHO Tuberculosis Patient Cost Survey handbook 

[2,25]. Costs consisted of direct medical costs (including consultation fees, drugs, screening and 

diagnostic tests, and hospitalization), direct non-medical costs (including transportation, food and 

supplements, and accommodation), and indirect costs (income losses).  

 

Costs per phase, which were collected at the start of TB treatment, at the end of the TB intensive 

phase, during the middle and at the end of the TB continuation phase, were interpolated using the 

data collected on costs at the last visit by visit types (i.e. hospitalization, directly observed therapy, 

medical follow-up and drug pick-up) and the frequency of each visit type during each phase. Then total 

costs were estimated by summing the costs per phase. Costs are considered as catastrophic when the 

total of direct medical, non-medical and indirect costs exceeded 20% of ability to pay (i.e. annual 

household income) following the WHO definition [2]. Reported annual household income before 

having TB was used as a primary indicator for ability to pay (output approach). The output approach 

is a measure of indirect cost and uses a difference in self-reported household income at each time 

point of data collection to estimate income changes during a TB episode. For TB-affected households 

reporting zero income before having TB, annual household income was imputed using a regression 

model based on household assets information (Table 2). 
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Table 2. Regression analysis for asset-based imputed household income 

  Coefficients Standard error  p-value  
(constant) 32.4 36.7 0.377 
Motorcycle/Tricycle -45.5 31.6 0.151 
Car/Jeep/Van 427.2 86.7 <0.001 
Air conditioner 116.9 81.3 0.151 
Stove with oven/Gas range 74.8 28.7 0.010 
Refrigerator/Freezer 63.0 33.6 0.062 
PC/tablet 171.7 52.5 0.001 
Gold/jewellery 81.5 50.8 0.109 
Number of rooms 29.2 12.6 0.021 

 

Data cleaning and processing, statistical analyses, and data visualizations were performed using R4.2.0 

(CRAN: Comprehensive R Archive Network). Mean with standard deviation (SD) and 95% CI, and 

median with interquartile range (IQR) were used for continuous data, and frequency with proportion 

(%) was presented for categorical data. All results were stratified by the diabetes status at the time of 

TB diagnosis. The diabetes screening (HbA1c and RPG: Random Plasma Glucose) and confirmatory 

(OGTT: Oral Glucose Tolerance Test) tests were provided in the main study. Those who had previously 

known diabetes, who had a blood sugar level >7.8 mmol/L by OGTT, and who had HbA1c >6.5% or 

RPG >200mg/dL at the time of TB diagnosis were categorized as people with TB and diabetes. 

Statistical differences between people with and without diabetes were tested using a chi-square test 

for categorical data and the t-test or Kruskal–Wallis test for continuous data. Statistical significance 

was defined as a p-value less than 0.05. Data on costs and incomes were collected in Philippine Pesos 

(Php) and later converted into United States dollars (USD) for analysis at the rate of Php 51.19 to USD 

1 using the average UN Operational Rates of Exchange during the data collection period (November 

2018-October 2020).  

 

Ethical considerations 

A written consent form was obtained from each participant prior to enrolment, explicitly stating that 

only the principal investigator (PI) and co-PIs were able to access the study dataset. Prior to obtaining 

a written informed consent, our data collectors explained the purpose of this research with a written 

information sheet during patients’ waiting time at each study site. Following ethics committees 

approved the consent procedure. 

The St. Cabrini Medical Center-Asian Eye Institute Ethics Review Committee (SCMC-AEI ERC) reviewed 

and provided a Philippine national ethics approval for the main study, including approval for this sub-

study (ERC #2018-008). Ethics approvals were also obtained from the Ethics Review Committee of the 

WHO Regional Office for the Western Pacific (Ref: 2019.18.PHL.4.STB) and Ethics Review Committees 

at the London School of Hygiene & Tropical Medicine and Nagasaki University.  
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2.6 Results 

Study population 

A total of 530 adults with TB were enrolled at TB diagnosis. Of these, 386 (72.8%) had TB only and 144 

(27.2%) had TB-DM according to the status of the known diabetes, the OGTT and the HbA1c or RPG 

tests at the time of TB diagnosis. Out of 144 participants who were categorized as TB-DM according 

to their status at the time of TB diagnosis, 48 (33.3%) knew their DM status, with 39 reported 

managing DM and 9 reported not managing DM. Most (79.4%) of the study participants completed TB 

treatment, while 15.6% had loss-to-follow-up, 1.2% had treatment failure, and 3.9% died during TB 

treatment. Of 530 participants, 445 completed every data collection point until the end of the 

continuation phase and were included in the analyses. 

 

The majority (70.2%) of people with TB-DM were 45 years old or over, while only half of the people 

with TB-only were in that age group (p<0.001) (Table 3). The proportion with DR-TB was slightly higher 

amongst people with TB-DM (TB-DM: 15.7%, TB-only: 10.5%), but without a significant difference 

(p=0.179). Higher BMI (≥ 18.5) was observed amongst a greater proportion of people with TB-DM (TB-

DM: 68.6%, TB-only: 52.6%, p=0.004), and the proportion with a high blood glucose level (HbA1c ≥5.7) 

was also greater amongst people with TB-DM (TB-DM: 96.6%, TB-only: 35.0%, p<0.001). 
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Table 3. Demographic and clinical characteristics of survey participants 

  TB patients without 
diabetes* 

TB patients with 
diabetes 

All TB patients  P-value  

  N (%) N (%)  N  (%)   
Total             324            121               445      
Demographic characteristics               
Sex               

Female  92 28.4% 37 30.6%            129  29.0%  0.738  
Male  232 71.6% 84 69.4%            316  71.0%   

Age group               
18–44  166 51.2% 36 29.8% 202 45.4%  <0.001  
≥45  158 48.8% 85 70.2%            243  54.6%   

Education level               
No education/Primary  114 35.2% 34 28.1%            148  33.3%  0.164  
High school  155 47.8% 58 47.9%            213  47.9%   
University or higher/Vocational  55 17.0% 29 24.0%              84  18.9%   

Insurance status               
No insurance  97 29.9% 32 26.4%            129  29.0%  0.724  
PhilHealth  138 42.6% 56 46.3%            194  43.6%   
GSIS/SSS  89 27.5% 33 27.3%            122  27.4%   

Household size, median 
(interquartile range) 

5 (1-12)   4 (1-14)    5 (1-14)      

Employment status before TB               
Employed (Formal)  65 20.1% 24 19.8%              89  20.0%  0.815  
Employed (Informal)  127 39.2% 51 42.1%            178  40.0%   
Unemployed  105 32.4% 39 32.2%            144  32.4%   
Student/Retired  27 8.3% 7 5.8%              34  7.6%   

Primary income earner               
No  170 52.5% 57 47.1%            227  51.0%  0.368  
Yes  154 47.5% 64 52.9%            218  49.0%   

Clinical characteristics               
Drug resistance status               

Drug susceptible-TB  290 89.5%  102 84.3%  392 88.1%  0.179  
Drug resistant-TB  34 10.5%  19 15.7%  53 11.9%   

Treatment history               
New  212 66.0%  80 66.7%  292 66.2%  0.791  
Relapse  98 30.5%  36 30.0%  134 30.4%   
Treatment after loss to follow 

up 
 7 2.2%  3 2.5%  10 2.3%   

Treatment after failure  3 0.9%  0 0.0%  3 0.7%   
Unknown  1 0.3%  1 0.8%  2 0.5%   

Body mass index               
<18.5 (kg/m2)  153 47.4%  38 31.4%  191 43.0%  0.004  
>=18.5 (kg/m2)  170 52.6%  83 68.6%  253 57.0%   

Diagnostic delay (>4weeks)  221 68.2% 92 76.0%            313  70.3%                
-   

Duration of TB episode (weeks)               
Care seeking: Mean (SD)            11.3  17.5        11.2  13.4           11.3  16.5  0.942  
Intensive phase: Mean (SD)              9.2  3.3           9.6  3.7             9.3  3.4  0.231  
Continuation phase: Mean (SD)            16.8  2.4        17.0  2.6           16.9  2.4  0.526  

Hospitalized due to TB  34 10.5% 9 7.4%              43  9.7%  0.429  
Previously hospitalized in the 
current treatment phase 

 255 78.7%  90 74.4%  345 77.5%                
-   

Treatment supports in intensive 
phase 

              

Self-administered  241 74.4%  83 68.6%  324 72.8% 0.271 
With treatment partner  83 25.6%  38 31.4%  121 27.2%   

Treatment supports in middle of 
continuation phase 

              

Self-administered  252 77.8%  87 71.9%  339 76.2% 0.242 
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With treatment partner  72 22.2%  34 28.1%  106 23.8%   
Treatment supports in end of 
continuation phase 

              

Self-administered  255 78.7%  90 74.4%  345 77.5% 0.398 
With treatment partner  69 21.3%  31 25.6%  100 22.5%   

HbA1c               
HbA1c:<5.7  207 65.9%  4 3.3%  211 48.6%  <0.001  
HbA1c:5.7-6.4  107 34.1%  19 15.8%  126 29.0%   
HbA1c:6.5+ or RPG:200+ 

(mg/dL) 
 0 0.0%  97 80.8%  97 22.4%   

 

Health service utilisation 

Mean total number of visits for TB-DM services amongst all the participants was 92.2 visits per person, 

and of these, 90.5 visits were for TB services and 1.8 for diabetes services (Table 4). People with TB-

DM compared to people with TB-only, had more frequent visits for TB treatment (TB-DM: 120.0, TB-

only: 86.9, p=0.054) as well as more frequent aggregated visits for TB services and DM services (such 

as regular monitoring for blood sugar level and drug pickup) (TB-DM: 128.8, TB-only: 87.6, p=0.010). 

There were no significant differences in the number of visits for TB services by treatment phase and 

by visit type between people with TB-DM and TB-only, except for medical follow-up (that is for 

physician’s consultation and follow-up tests) between the middle and the end of the continuation 

phase (TB-DM: 1.1, TB-only: 0.7, p=0.002). 
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Table 4. Health service utilizations, mean per person 

  People with TB only People with TB and 
diabetes 

Overall p-value 

Mean 95% CI Mean 95% CI Mean 95% CI 
For TB services               
Before TB diagnosis  5.1   (4.9-5.3)   5.4   (4.8-5.9)   5.1   (4.9-5.3)  0.398 
Intensive phase               

Medical follow-up  1.0   (0.9-1.2)   1.1   (0.8-1.4)   1.0   (0.9-1.2)  0.532 
Drug pickup  16.8   (13.5-20.2)   23.0   (12.4-33.7)   17.5   (14.3-20.7)  0.156 
Directly observed therapy  21.0   (16.8-25.1)   28.9   (17.0-40.8)   21.8   (17.9-25.7)  0.085 

Middle of continuation 
phase 

              

Medical follow-up  0.6   (0.5-0.6)   0.7   (0.4-0.9)   0.6   (0.5-0.6)  0.289 
Drug pickup   9.8   (8.0-11.5)   13.0   (7.6-18.4)   10.1   (8.4-11.8)  0.276 
Directly observed therapy  12.7   (10.1-15.4)   18.6   (11.1-26.0)   13.4   (10.9-15.9)  0.114 

End of continuation phase               
Medical follow-up  0.7   (0.6-0.8)   1.1   (0.8-1.3)   0.7   (0.7-0.8)  0.002 
Drug pickup  8.0   (6.6-9.4)   11.7   (6.5-16.9)   8.4   (7.0- 9.8)  0.178 
Directly observed therapy  11.2   (8.8-13.7)   16.6   (9.1-24.0)   11.8   (9.5-14.2)  0.182 

For diabetes services               
Intensive phase               

Monitoring  0.2   (0.1-0.3)   1.2   (0.8-1.5)   0.3   (0.2-0.4)  <0.001 
Drug pickup  0.2   (0.06-0.3)   2.5   (1.6-3.3)   0.5   (0.3-0.6)  <0.001 

Middle of continuation 
phase 

              

Monitoring  0.03   (0.007-0.06)   0.5   (0.1-0.9)   0.1   (0.04-0.2)  0.020 
Drug pickup  0.2   (0.08-0.2)   2.4   (1.4-3.3)   0.5   (0.3-0.6)  <0.001 

End of continuation phase               
Monitoring  0.03   (0.007-0.06)   0.3   (0.1-0.4)   0.1   (0.03-0.1)  0.003 
Drug pickup  0.1   (0.05-0.2)   2.0   (1.4-2.7)   0.4   (0.2-0.5)  <0.001 

Total               
TB total  86.9   (73.7-100.1)   120.0   (76.9-

163.2)  
 90.4   (77.7-

103.2)  
0.054 

Diabetes total  0.7   (0.5-1.0)   8.8   (6.8-10.9)   1.8   (1.4-2.2)  0.056 
Total TB and diabetes  87.6   (74.4-100.8)   128.8   (85.1-

172.6)  
 92.2   (79.4-

105.0)  
0.010 

 

Costs incurred by TB-affected households 

Overall, the mean total costs were estimated at USD 952 ( 
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Table 5). Of these, TB costs accounted for USD 932 (97.9%), and the TB costs were mainly driven by 

income loss (86.1%), followed by direct non-medical costs (10.5%) and direct medical costs (3.5%). 

 

Although the total costs among people with TB-DM were USD 1,178, which was 28% higher than that 

incurred by people with TB only (USD 917), no significant difference was observed (p=0.208). For TB 

services, while people with TB-DM incurred higher costs, there was no significant difference in TB 

costs between people with TB-DM and TB only (TB-DM: USD 1,053, TB only: USD 914, p=0.464). For 

TB-DM patient costs, US$ People with TB only People with TB and 
diabetes 

Overall p-
value 

 
Mean  

 %  (95% 
CI) 

 Mean   %  (95% 
CI) 

Mean  %  (95% 
CI) 

 

Pre-TB 
diagnosis 

Direct medical costs  27.4  3.0% (17.6-
37.1) 

 37.3  3.5% (25.8-
48.8) 

28.7 3.1% (20.1-
37.3) 

0.197 

Direct non-medical costs  27.2  3.0% (22.3-
32.2) 

 41.1  3.9% (25.6-
56.7) 

29.1 3.1% (24.3-
33.9) 

0.096 

Income loss  
205.7  

22.5% (148.1-
263.4) 

 308.1  29.3% (86.2-
530.1) 

219.3 23.5% (161.2-
277.4) 

0.382 

Post-TB 
diagnosis 

Direct 
medical 

costs 

Drug pickup  0.06  0.0% (0.0-
0.1) 

 0.0  0.0% (0.0-
0.0) 

 0.05  0.0% (0-0.1) 0.101 

Directly 
observed therapy 

 0.0  0.0% (0.0-
0.0) 

 0.0  0.0% (0.0-
0.0) 

 0.0  0.0% (0.0-
0.0) 

N/A 

Follow-up  1.8  0.2% (0.8-
2.7) 

 1.8  0.2% (0.0-
3.9) 

 1.8  0.2% (0.9-
2.6) 

0.970 

Hospitalization  1.9  0.2% (0.0-
4.8) 

 0.8  0.1% (0.0-
2.4) 

 1.8  0.2% (0-4.3) 0.527 

Total  3.7  0.4% (0.7-
6.8) 

 2.6  0.2% (0.0-
6.2) 

 3.6  0.4% (0.9-
6.3) 

0.652 

Direct 
non-

medical 
costs 

Accommodation  0.05  0.0% (0.0-
0.1) 

 0.1  0.0% (0.0-
0.3) 

 0.06  0.0% (0-0.1) 0.632 

Food  3.0  0.3% (2.1-
3.8) 

 7.6  0.7% (2.8-
12.5) 

 3.6  0.4% (2.6-
4.6) 

0.065 

Travel  18.6  2.0% (15.4-
21.8) 

 22.7  2.2% (14.6-
30.8) 

 19.2  2.1% (16.2-
22.1) 

0.360 

Nutrition 
supplement 

 39.5  4.3% (34.0-
45.0) 

 87.4  8.3% (65.1-
109.7) 

 45.8  4.9% (40.0-
51.7) 

<0.001 

Total  61.1  6.7% (53.4-
68.8) 

 117.8  11.2% (89.5-
146.1) 

 68.6  7.4% (60.8-
76.5) 

<0.001 

Income loss  
588.3  

64.4% (489.7-
687.0) 

 545.9  51.8% (350.2-
741.6) 

 
582.7  

62.5% (493.3-
672.1) 

0.704 

Total direct medical costs  31.1  3.4% (20.9-
41.3) 

 40.0  3.8% (28.2-
51.8) 

 32.3  3.5% (23.3-
41.3) 

0.267 

Total direct non-medical costs  88.4  9.7% (78.4-
98.3) 

 158.9  15.1% (123.1-
194.7) 

 97.7  10.5% (87.6-
107.8) 

<0.001 

Income loss   
 

794.1  
86.9% (653.1-

935.0) 
 854.0  81.1% (519.9-

1 
188.1) 

 
802.0  

86.1% (672.0-
932.1) 

0.746 

Total cost (TB)   
 

913.5  
100% (768.8-

1 
058.3) 

  
1,052.9  

100% (709.3-
1 
396.4) 

 
932.0  

100% (798.4-
1 
065.7) 

0.464 

For diabetes services 

Direct medical costs  2.7  73.0% (0.6-
4.7)  104.2  83.3% (47.9-

160.5) 16.1 81.3% (7.8-
24.4) <0.001 

Direct non-medical costs  1.1  29.7% (0.5-
1.7)  20.9  16.7% (12.4-

29.4) 3.7 18.7% (2.3-
5.1) <0.001 

Total (Diabetes)  3.7  100% (1.2-
6.3)  125.1  100% (61.9-

188.2) 19.8 100% (10.4-
29.3) <0.001 

Total cost 

Total cost (TB)    
913.5  99.6% (0.5-

1.7) 
  

1,052.9  89.4% 
(709.3-
1 
396.4) 

 
932.0  97.9% (2.3-

5.1) 0.464 

Total cost 
(Diabetes)    3.7  0.4% (1.2-

6.3)  125.1  10.6% (61.9-
188.2)  19.8  2.1% (10.4-

29.3) <0.001 

Total cost (TB-
diabetes)    

917.3  100% 
(772.3-
1 
062.3) 

  
1,177.9  100% 

(800.0-
1 
555.8) 

 
951.8  100% 

(816.2-
1 
087.5) 

0.208 
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diabetes costs, people with TB-DM incurred significantly higher costs (TB-DM: USD 125) since people 

with TB-only incurred a minimal amount of costs (USD 4, p<0.001) for diabetes-related services, mainly 

for diabetes screening during TB treatment.   

 

Among the three main cost categories for TB services (direct medical, direct non-medical, and income 

loss), a significant difference was shown only in direct non-medical costs between people with TB-DM 

and TB-only (TB-DM: USD 159, TB-only: USD 88, p<0.001), which was specifically for nutritional 

supplements and additional food (TB-DM: USD 87, TB-only: USD 40, p<0.001).  
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Table 5. Detail of costs incurred per TB-affected households by TB treatment phase (mean, 

percentage, 95%CI), by diabetes status at the time of TB diagnosis 

 Costs data was converted to United States Dollars (US$) from Philippines Peso (Php) using the average UN Operational Rates 

of Exchange during data collection period (Nov 2018-Oct 2020) of US$1 = Php 51.193375 

(https://treasury.un.org/operationalrates/OperationalRates.ph 

N/A: Not available 

 

Costs incurred by TB-DM affected households 

TB-DM patient costs, US$ People with TB only People with TB and 
diabetes 

Overall p-
value 

 
Mean  

 %  (95% 
CI) 

 Mean   %  (95% 
CI) 

Mean  %  (95% 
CI) 

 

Pre-TB 
diagnosis 

Direct medical costs  27.4  3.0% (17.6-
37.1) 

 37.3  3.5% (25.8-
48.8) 

28.7 3.1% (20.1-
37.3) 

0.197 

Direct non-medical costs  27.2  3.0% (22.3-
32.2) 

 41.1  3.9% (25.6-
56.7) 

29.1 3.1% (24.3-
33.9) 

0.096 

Income loss  
205.7  

22.5% (148.1-
263.4) 

 308.1  29.3% (86.2-
530.1) 

219.3 23.5% (161.2-
277.4) 

0.382 

Post-TB 
diagnosis 

Direct 
medical 

costs 

Drug pickup  0.06  0.0% (0.0-
0.1) 

 0.0  0.0% (0.0-
0.0) 

 0.05  0.0% (0-0.1) 0.101 

Directly 
observed therapy 

 0.0  0.0% (0.0-
0.0) 

 0.0  0.0% (0.0-
0.0) 

 0.0  0.0% (0.0-
0.0) 

N/A 

Follow-up  1.8  0.2% (0.8-
2.7) 

 1.8  0.2% (0.0-
3.9) 

 1.8  0.2% (0.9-
2.6) 

0.970 

Hospitalization  1.9  0.2% (0.0-
4.8) 

 0.8  0.1% (0.0-
2.4) 

 1.8  0.2% (0-4.3) 0.527 

Total  3.7  0.4% (0.7-
6.8) 

 2.6  0.2% (0.0-
6.2) 

 3.6  0.4% (0.9-
6.3) 

0.652 

Direct 
non-

medical 
costs 

Accommodation  0.05  0.0% (0.0-
0.1) 

 0.1  0.0% (0.0-
0.3) 

 0.06  0.0% (0-0.1) 0.632 

Food  3.0  0.3% (2.1-
3.8) 

 7.6  0.7% (2.8-
12.5) 

 3.6  0.4% (2.6-
4.6) 

0.065 

Travel  18.6  2.0% (15.4-
21.8) 

 22.7  2.2% (14.6-
30.8) 

 19.2  2.1% (16.2-
22.1) 

0.360 

Nutrition 
supplement 

 39.5  4.3% (34.0-
45.0) 

 87.4  8.3% (65.1-
109.7) 

 45.8  4.9% (40.0-
51.7) 

<0.001 

Total  61.1  6.7% (53.4-
68.8) 

 117.8  11.2% (89.5-
146.1) 

 68.6  7.4% (60.8-
76.5) 

<0.001 

Income loss  
588.3  

64.4% (489.7-
687.0) 

 545.9  51.8% (350.2-
741.6) 

 
582.7  

62.5% (493.3-
672.1) 

0.704 

Total direct medical costs  31.1  3.4% (20.9-
41.3) 

 40.0  3.8% (28.2-
51.8) 

 32.3  3.5% (23.3-
41.3) 

0.267 

Total direct non-medical costs  88.4  9.7% (78.4-
98.3) 

 158.9  15.1% (123.1-
194.7) 

 97.7  10.5% (87.6-
107.8) 

<0.001 

Income loss   
 

794.1  
86.9% (653.1-

935.0) 
 854.0  81.1% (519.9-

1 
188.1) 

 
802.0  

86.1% (672.0-
932.1) 

0.746 

Total cost (TB)   
 

913.5  
100% (768.8-

1 
058.3) 

  
1,052.9  

100% (709.3-
1 
396.4) 

 
932.0  

100% (798.4-
1 
065.7) 

0.464 

For diabetes services 

Direct medical costs  2.7  73.0% (0.6-
4.7)  104.2  83.3% (47.9-

160.5) 16.1 81.3% (7.8-
24.4) <0.001 

Direct non-medical costs  1.1  29.7% (0.5-
1.7)  20.9  16.7% (12.4-

29.4) 3.7 18.7% (2.3-
5.1) <0.001 

Total (Diabetes)  3.7  100% (1.2-
6.3)  125.1  100% (61.9-

188.2) 19.8 100% (10.4-
29.3) <0.001 

Total cost 

Total cost (TB)    
913.5  99.6% (0.5-

1.7) 
  

1,052.9  89.4% 
(709.3-
1 
396.4) 

 
932.0  97.9% (2.3-

5.1) 0.464 

Total cost 
(Diabetes)    3.7  0.4% (1.2-

6.3)  125.1  10.6% (61.9-
188.2)  19.8  2.1% (10.4-

29.3) <0.001 

Total cost (TB-
diabetes)    

917.3  100% 
(772.3-
1 
062.3) 

  
1,177.9  100% 

(800.0-
1 
555.8) 

 
951.8  100% 

(816.2-
1 
087.5) 

0.208 
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People with TB and known diabetes that were already under management incurred much higher 

diabetes costs (TB-known and managed DM: USD 209, TB-unmanaged DM: USD 23, p<0.001), while 

there was no significant difference in the total TB-DM costs (TB-known and managed DM: USD 1363, 

TB-unmanaged DM: USD 841, p<0.078) (Table 6). 

 

Table 6. Detail of costs incurred per TB-DM affected households (mean, percentage, 95%CI), by 

diabetes management status at the time of TB diagnosis 

TB and diabetes patient costs, US$ TB patients with known and managed 
diabetes* 

TB patients with unmanaged 
diabetes* 

p-value 

 Mean   %  (95% CI)  Mean   %  (95% CI) 

Pre-TB 
diagnosis 

Direct medical costs  34.7  3.0% (19.9-49.4)  27.6  3.4% (19.4-35.8) 0.412 
Direct non-medical costs  44.6  3.9% (21.7-67.5)  26.0  3.2% (17.6-34.3) 0.138 
Income loss  309.6  26.8% (0.0-643.7)  214.9  26.3% (111.2-318.6) 0.596 

Post-TB 
diagnosis 

Direct 
medical 

costs 

Drug pickup  0.0  0.0% (0.0-0.0)  0.0  0.0% (0.0-0.0) N/A 
Directly 

observed therapy 
 0.0  0.0% (0.0-0.0)  0.0  0.0% (0.0-0.0) N/A 

Follow-up  2.8  0.2% (0.0-6.4)  1.0  0.1% (0.2-1.8) 0.355 
Hospitalization  1.5  0.1% (0.0-4.5)  0.1  0.0% (0.0-0.4) 0.363 

Total  4.3  0.4% (0.0-10.8)  1.2  0.1% (0.3-2.0) 0.350 

Direct 
non-

medical 
costs 

Accommodation  0.2  0.0% (0.0-0.6)  0.0  0.0% (0.0-0.0) 0.314 
Food   9.8  0.8% (1.2-18.4)  3.2  0.4% (1.7-4.6) 0.137 
Travel  28.2  2.4% (14.6-41.8)  19.4  2.4% (14.2-24.6) 0.240 
Nutrition 

supplement 
 103.0  8.9% (69.8-136.2)  44.0  5.4% (31.9-56.2) 0.001 

Total  141.2  12.2% (98.0-184.5)  66.6  8.1% (51.9-81.4) 0.002 
Income loss  619.2  53.7% (378.9-859.6)  481.4  58.9% (341.2-621.7) 0.334 

Total direct medical costs  39.0  3.4% (23.7-54.3)  28.7  3.5% (20.2-37.3) 0.254 
Total direct non-medical costs  185.8  16.1% (133.5-238.1)  92.6  11.3% (73.5-111.7) 0.001 
Income loss    928.8  80.5% (492.3-1 365.4)  696.3  85.2% (484.8-907.9) 0.349 

Total cost (TB)   
  1,153.6  100% (697.1-1 610.1)  817.7  100% (601.0-1 

034.3) 
0.195 

For diabetes services 
Direct medical costs  181.2  86.5% (85.4-276.9)  15.1  65.7% (6.0-24.1) 0.001 
Direct non-medical costs  28.4  13.5% (14.6-42.2)  7.9  34.3% (4.5-11.3) 0.005 
Total (diabetes)  209.6  100% (102.0-317.2)  23.0  100% (11.4-34.5) 0.001 
Total cost 
Total cost (TB)     1,153.6  84.6% (14.6-42.2)  817.7  97.3% (4.5-11.3) 0.195 
Total cost (diabetes)    209.6  15.4% (102.0-317.2)  23.0  2.7% (11.4-34.5) 0.001 
Total cost (TB and 
diabetes) 

    1,363.2  100% (832.2-1 894.2)  840.7  100% 
(619.1-1 
062.2) 

0.078 

*Study participants who reported known diabetes and also were already taking diabetes management at the study enrolment were 
categorized as TB patients with managed diabetes.  
 

Household income, catastrophic cost, and social support schemes 

Overall, the mean reported monthly household income before having TB was USD 183 (95%CI: 155-

210), with no significant differences between people with TB-DM (USD 189, 95%CI: 140-238) and TB-

only (USD 182, 95%CI: 151-212), declining during TB diagnosis (USD 80, 95%CI: 68-92) and at the end 

of the intensive phase of TB treatment (USD 9, 95%CI: 6-11) (Table 7). It increased towards the middle 
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of the continuation phase (USD 195, 95%CI: 164-227) and was sustained to the end of that phase (USD 

197, 95%CI: 165-228). No significant differences were observed for the mean reported monthly 

household income between people with TB-DM and TB-only except at the end of the intensive phase 

(TB-DM: USD 3 (95%CI: 1-5), TB-only: USD 10 (95%CI: 7-12), p<0.001).  

 

In line with the changes in income, the proportion of households living below the international poverty 

line was greatest at the end of the intensive phase but with no statistically significant difference 

between people with TB-DM and TB-only. 

 

The proportion of TB-affected households spending more than 20% of their annual household income 

on TB -related services was 69.0% (95%CI: 64.7-73.3%), and there was no statistically significant 

difference between people with TB-DM (68.7%, 95%CI: 64.0-73.3%) and TB-only (71.2%, 95%CI: 59.3-

83.1%), with a p-value of 0.691 (Figure 7). Unsurprisingly, the proportion of households incurring costs 

greater than 20% of their annual household income for TB and DM-related services was higher for 

people with TB-DM (76.3%, 95%CI: 65.1-87.5%), while there was no significant difference compared 

to people with TB-only (p=0.207). 

 

Cash from the CCT programme was received by 16.0% (95%CI: 12.8-19.7%) of TB-affected households 

before TB diagnosis, and the proportion remained constant throughout TB treatment (Table 7). 

Similarly, the social support package was received by 13.3% (95%CI: 16.8-10.4%) of TB-affected 

households during the TB intensive phase and remained at the same level during the TB continuation 

phase. There was no significant difference in the proportion of households receiving the social support 

package between people with TB-DM and TB-only during TB treatment. Social consequences of TB 

were summarised in Table 8.  
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Table 7. Reported household income and social support received by TB-affected households 

  People with TB only People with TB and 
diabetes 

Overall 
p-value 

  Mean 95% CI Mean 95% CI Mean 95% CI   
Self-reported monthly household Income (in 
US$) 

          
  

Before onset of TB symptoms  181.8 (151.3-212.3)  188.9   (140.3-237.5)  182.7 (155.4-210.0)  0.810  
At the time of TB diagnosis 79.1 (66.6-91.6)  88.2   (51.5-124.8)  80.3 (68.4-92.1)  0.647  
At the end of intensive phase 9.5 (6.7-12.2)  2.9   (0.6-5.3)  8.6 (6.2-11.0)  <0.001  
At the middle of continuation 

phase 
196.4 (160.7-232.1)  187.8   (139.4-236.2)  195.3 (163.6-226.9) 

 0.780  

At the end of continuation phase 195.3 (160.4-230.1)  205.0   (152.4-257.7)  196.5 (165.5-227.6)  0.761  
  % 95% CI % 95% CI % 95% CI   
Impoverishment: TB-affected households below international poverty line, percentage (95% 
CI) 

    
  

Before onset of TB symptoms  47.7 (43.2-52.3) 46.4 (34.6-58.4) 47.5 (43.3-51.8) 0.835 
At the time of TB diagnosis 74.0 (69.9-77.9) 75.4 (64.4-84.9) 74.2 (70.3-77.8) 0.806 
At the end of intensive phase 87.9 (84.7-90.7) 91.3 (83.4-96.8) 88.3 (85.4-90.9) 0.210 
At the middle of continuation 

phase 
35.4 (31.0-39.8) 33.3 (22.6-45.0) 35.1 (31.1-39.2) 

0.678 

At the end of continuation phase 33.8 (29.6-38.2) 30.4 (20.0-42.0) 33.4 (29.4-37.5) 0.482 
Conditional cash transfer for poor               

Before TB diagnosis  16.8  (13.4-20.9)  10.2  (4.6-21.2)  16.0  (12.8-19.7) 0.194 
Intensive phase  16.6  (13.2-20.6)  8.5  (3.5-19.1)  15.5  (12.4-19.2) 0.110 
Middle of continuation phase  17.9  (14.4-22.0)  10.2  (4.6-21.2)  16.9  (13.6-20.6) 0.142 
End of continuation phase  15.8  (12.5-19.8)  8.5  (3.5-19.1)  14.8  (11.8-18.5) 0.141 

Social supports for TB people               
Before TB diagnosis  2.8  (1.6-5.1)  1.7  (0.2-11.5)  2.7  (4.7-1.5) 0.611 
Intensive phase  12.7  (9.7-16.4)  16.9  (9.2-29.0)  13.3  (16.8-10.4) 0.370 
Middle of continuation phase  15.3  (12.0-19.2)  16.9  (9.2-29.0)  15.5  (19.2-12.4) 0.743 
End of continuation phase  14.0  (10.9-17.8)  18.6  (10.5-30.9)  14.6  (18.2-11.6) 0.347 
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Table 8. Social consequences of TB and diabetes 

  TB people without 
diabetes 

TB people with diabetes Overall 

  % (95% CI) % (95% CI) % (95% CI) 
Social consequences             

Before TB diagnosis             
Food insecurity  3.6  (2.2-6.0)  1.7  (0.2-11.5)  3.4  (2.0-5.5) 
Divorce/separation  0.3  (0.04-1.8)              -   0.0  0.2  (0.03-1.6) 
Job loss  47.4  (42.4-52.4)  37.3  (25.7-50.5)  46.1  (41.5-50.7) 
Interrupted schooling  0.5  (0.1-2.1)              -   0.0  0.4  (0.1-1.8) 
Social exclusion  13.5  (10.4-17.3)  8.5  (3.5-19.1)  12.8  (10.0-16.3) 

End of intensive phase             
Food insecurity  8.0  (5.7-11.2)  5.1  (1.6-14.9)  7.6  (5.5-10.5) 
Divorce/separation              -   N/A              -   N/A           -   N/A 
Job loss  40.7  (35.9-45.7)  42.4  (30.2-55.5)  40.9  (36.4-45.6) 
Interrupted schooling  0.8  (0.2-2.4)  1.7  (0.2-11.5)  0.9  (0.3-2.4) 
Social exclusion  4.7  (3.0-7.3)  5.1  (1.6-14.9)  4.7  (3.1-7.1) 

Middle of continuation phase             
Food insecurity  6.2  (4.2-9.1)  3.4  (0.8-12.9)  5.8  (4.0-8.5) 
Divorce/separation              -   N/A              -   N/A           -   N/A 
Job loss  25.9  (21.8-30.5)  22.0  (13.1-34.7)  25.4  (21.6-29.7) 
Interrupted schooling  0.3  (0.04-1.8)  1.7  (0.2-11.5)  0.4  (0.1-1.8) 
Social exclusion  3.4  (2.0-5.7)  6.8  (2.5-17.0)  3.8  (2.4-6.1) 

End of continuation phase             
Food insecurity  4.4  (2.7-7.0)  3.4  (0.8-12.9)  4.3  (2.7-6.6) 
Divorce/separation              -   N/A              -   N/A           -   N/A 
Job loss  14.2  (11.1-18.1)  15.3  (8.0-27.1)  14.4  (11.4-18.0) 
Interrupted schooling  0.3  (0.04-1.8)              -   0  0.2  (0.03-1.6) 
Social exclusion  1.0  (0.4-2.7)  1.7  (0.2-11.5)  1.1  (0.5-2.7) 

 

Figure 7. Percentage of TB-affected households facing catastrophic costs > 20% 
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2.7 Discussion 

We found high costs due to TB-DM, with an overall mean total cost of USD 952, and catastrophic costs 

in a high proportion of households (69%). We did not however find any significant difference in costs 

incurred or levels of catastrophic costs between those with TB-only and with TB-DM. Both groups 

were found to have similar levels of income before the start of the study and similar levels of income 

loss during TB treatment. While on average those with TB-DM incurred slightly more non-medical 

expenses and income loss, this was not substantially higher than those with TB-only. Those with TB-

DM did face a substantially higher burden in terms of health care usage, but this did not translate into 

higher total costs given the limited overall cost of medical expenses and transport costs in our patient 

populations. Also, diabetes costs were much higher among those who were already receiving diabetes 

management at the time of TB diagnosis, while this also did not translate into higher total costs for 

TB-DM due to the limited number of samples in our study. 

 

The unemployment rate of our study participants before having TB was already high at 34.5%, and 

approximately half (47%) of our participants were living under the international poverty line even 

before having TB. Those with TB-DM incurred a substantial amount of additional direct costs due to 

diabetes during the TB episode (USD 125). However, the total incurred costs for TB (USD 914 in TB-

only, USD 1153 in TB-DM) had a far greater financial impact in affected households given their financial 

vulnerability due to high baseline unemployment and poverty rates. Therefore, in our study, the 

additional costs due to diabetes did not translate into a higher incidence of catastrophic costs and 

impoverishment during their TB episode. 

 

This study was unable to capture costs for diabetes-related complications and hospitalizations in the 

sample of 144 people with TB-DM since the study was only assessing costs during a discrete period of 

a TB episode and not over the course of DM disease. Also, not all of them were taking DM 

management throughout the episode of TB. Therefore, our findings are not generalisable in describing 

the financial burden of diabetes. Lack of access to diabetes diagnosis and treatment usually result in 

the development of earlier, more frequent and severe complications such as blindness, kidney 

disease, coronary heart disease, cerebrovascular disease and stroke, and those complications lead to 

premature disability and death which incur a higher financial burden in affected households [26,27]. 

A previous study that assessed direct and indirect costs of diabetes in Kenya in 163 people showed 

that the total annual costs for diabetes services was USD 673, with 10% and 12% of study participants 

reporting costs for hospitalizations and irregular facility visits, respectively [28]. In that study, more 

than 50% of diabetes-affected households faced catastrophic costs (using a threshold of 20% of annual 
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household income). Another study assessing 6,359 people in China showed that hospitalizations 

accounted for 73% of total diabetes costs, and the incidence of catastrophic costs was 24%, even with 

a higher threshold (40%) of annual household income [29]. Hence, another study with a larger sample 

size of people with diabetes is required to understand the entire picture of patient costs, incidence of 

catastrophic costs, and impoverishment due to diabetes in the Philippines. 

 

In our study sites, integrated services for TB and diabetes were provided only in health facilities with 

programmatic management of drug resistant TB, and therefore most of the study participants with 

drug susceptible TB had to have separate facility visits for diabetes services. For example, the initial 

screening and regular monitoring for diabetes by point of care HbA1c or fasting blood glucose were 

not always provided in public health facilities, and therefore people living with diabetes had to visit 

private pharmacies and laboratories for these services. This study found that people with TB-DM had 

40 extra visits to health facilities and/or treatment partners (e.g. facility and/or community DOT) 

compared with those with TB only. Therefore, the reduction in visits to healthcare providers and 

related costs (e.g. travel and food costs in direct non-medical costs) might be achieved by integrated 

care for TB and diabetes. However, given the high incidence of catastrophic costs regardless of 

diabetes status in this study, it is unlikely that catastrophic costs can be mitigated only by ensuring the 

health service integration. 

 

TB-affected households in this study lost almost 95% of their monthly household income at the end 

of the intensive phase, and this highlighted that TB-affected households may become financially 

vulnerable and require social and/or financial support during the TB intensive phase. However, only 

around 15% of the participants received financial support from the nationwide CCT programme for 

households living under poverty. It did not increase throughout TB treatment, even though their 

household income was considerably reduced at the time of TB diagnosis and at the end of the TB 

intensive phase. A similar situation was observed in the national TB patient cost survey in the 

Philippines, however, an even lower proportion of survey participants (1.3%) were receiving the 

nationwide CCT programme provided by the DSWD of the Philippines [12,14]. The national survey 

recommended that enhanced cooperation between NTP and DSWD is necessary for TB-affected 

households to benefit from financial support from the CCT programme. Our findings support the 

findings and recommendation from the national survey, and timely social protection and support are 

indispensable to avert catastrophic costs among TB-affected households in the Philippines. 
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This study had several limitations. First, it was conducted at 11 health facilities located in urban (Cebu) 

and rural (Negros) settings in the Philippines, and therefore, the results and findings cannot be 

generalized. Second, this study was able to enrol only a small sample of people with TB-DM (N=144). 

Thus, further studies with a larger sample that assesses the financial impact of TB-DM is necessary. 

Third, although the longitudinal study design allowed multiple interviews during a TB episode with 

less recall bias compared to a cross-sectional study, this study assessed costs from the onset of TB 

symptoms until the completion of TB treatment. Therefore, costs due to TB-related sequelae and/or 

prolonged social consequences after TB treatment were not investigated in this study. Fourth, 

approximately 15% of the enrolled participants were not able to complete all the data collection points 

due to dropout either from our study or TB from treatment. Therefore, results of catastrophic cost 

estimates might be affected by attrition bias. Fifth, the costs were estimated from participants who 

completed interviews for four times and the sample size was N=445, which did not reach the intended 

sample size of N=502 due to unexpectedly high proportion of loss-to-follow-up (15.6%). Therefore, 

our sample size might be not powered enough to detect cost differences between TB-DM and TB-only. 

 

2.8 Conclusion 

People with TB-DM in the Philippines face extensive health service use and incur higher costs to 

receive diabetes related health services. However, this does not translate into substantial differences 

in the incidence of catastrophic cost due to the baseline poverty in TB-affected households. Further 

study is required to understand the incidence of catastrophic costs due to diabetes-only in the 

Philippines.  

 

2.9 AddiƟonal informaƟon 

Asset-based imputation used as the denominator of catastrophic total costs due to TB 

Asset-based imputed household income was used to replace the annual household income for those 

who reported zero household income before TB and used in the calculation of catastrophic cost 

estimates, otherwise the calculation returns infinity. This method is consistent with the WHO 

recommended analytical approach for national TB patient cost surveys (https://github.com/GTB-PCS), 

rather than other approaches e.g. minimum wage, to take the financial characteristics of population 

with TB into account [2]. The selection of assets used for the income imputation was done by 

univariate logistic regression analysis was conducted to identify predictor variables for household 

income from the sample population with non-zero household income and then conducted 

multivariate backward stepwise logistic regression to identify the final selection of asset items (Table 

2) based on the Akaike information criterion (AIC).   
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Complete case analysis 

This analysis used complete case analysis, excluding observations who missed one or more interview 

of. This is because the imputation of data, e.g. in the continuation phase from the reported data in 

the intensive phase, was not feasible due to the change in costs and income by TB treatment phase. 

This might have incurred attrition bias of the study results as discussed in the discussion section. 

 

Household income at the end of the TB intensive phase 

The reported monthly household income in people with concurrent TB and diabetes was lower 

(US$ 2.9) compared to those with TB-only (US$ 5.8) with p-value <0.001 (Table 7) which could be due 

to additional health facility visits for diabetes care (Table 4). 

 

Statistical tests in cost estimates 

This chapter used Kruskal–Wallis test to examine the statistical significance in cost estimates, and my 

study was not able to detect a statistically significant difference in costs incurred by people with 

concurrent TB and diabetes versus those with TB-only. However, this does not mean that the higher 

total costs incurred by people with concurrent TB and diabetes than those with TB-only (US$ 1,178 vs 

US$ 917) is negligible since the focus in health economics should be on economic significance in 

decision-making, rather than a statistical significance [30,31].  

To summarize the results of cost estimates, I used means, instead of medians, since means provide 

the total economic burden and aggregated resource use which can be used in cost-effectiveness 

analyses (in Chapter 5), while medians can provide a typical cost estimate incurred by individual. 

 

Recall bias 

While the longitudinal study design of this allowed multiple interviews during a TB episode with less 

recall bias compared to a cross-sectional study design used for the WHO recommended methods for 

national TB patient cost surveys, the recall period still existed in this study (1 week to 1 month). 

CharacterisƟc Longitudinal study (our 
study) 

Cross-secƟonal study (surveys of costs incurred 
by people with TB and their households) 

Recall bias 1 week to 1 month for the 
recall period 

maximum 3-9 months for the recall period for 
income before TB diagnosis 
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CHAPTER 3. COMPARING DISEASE SPECIFIC CATASTROPHIC COST 

ESTIMATES USING LONGITUDINAL AND CROSS-SECTIONAL DESIGNS: 

THE EXAMPLE OF TUBERCULOSIS 

3.1 Preamble 

This research paper presented the comparison of the proportion of TB affected households facing 

catastrophic costs between the longitudinal study design and the WHO recommended cross-sectional 

study design. At the time this paper was written, there were no studies that assessed the differences 

in TB catastrophic cost estimates between the longitudinal and cross-sectional study designs. The aim 

of this analysis was to identify the potential biases of the WHO recommended cross-sectional study 

design for TB catastrophic cost estimates and to explore optimal approaches for sampling and 

analysing cross-sectional cost data for the catastrophic cost estimates. 

 

As with paper 1, this study was conducted as a nested study within a cohort study (St-Att study, the 

main study), which evaluated the effects of malnutrition and diabetes on TB treatment outcomes in 

Manila, Cebu and Negros Occidental, the Philippines. As a part of the cohort study, we conducted our 

study in Cebu and Negros Occidental and collected costs, income, coping mechanisms and social 

consequences of TB from care seeking until the end of TB treatment. The data collection tool was 

adapted to the longitudinal study design from the national TB patient cost survey in the Philippines 

and the WHO handbook for surveys of costs incurred by people with TB and their households. The 

data collection was conducted between November 2018 and October 2020. 

 

Catastrophic cost due to TB was defined as total costs, consisting of direct medical and non-medical 

costs and indirect costs, exceeding 20% of ability to pay (i.e. annual household income of people with 

TB) as per the WHO definition. Using longitudinal data, total costs were estimated by summing the 

costs per phase, i.e. prior to TB diagnosis, the intensive phase, until the midpoint of the continuation 

phase and until the endpoint of the continuation phase. To achieve the simulated cross-sectional 

study design, we randomly sampled and allocated our samples into two groups; either those for whom 

data would have been collected at the end of the intensive phase and or at the midpoint of the 

continuation phase in accordance with WHO guidance. We then produced different samples for 

different proportions of patients in the intensive and continuation phases, i.e. 20%:80%, 35%:65%, 

50%:50%. 
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We found that while with the longitudinal study design the catastrophic cost estimate was 69%, with 

the simulated cross-sectional study design, the estimate ranged from 40% to 55% depending on the 

sampling proportion of the intensive and continuation phases. Also, our analysis highlighted an 

inconsistency in the inclusion of indirect costs before TB diagnosis in the WHO recommended surveys 

of costs incurred by people with TB and their households. The results of this paper contributed to 

improvements in the recommendations and guidelines provided by the WHO Task Force for 

implementing surveys of costs incurred by people with TB and their households. 

 

This research paper was published in Social Science and Medicine in February 2024 and the paper was 

reproduced in this chapter with no revisions or adaptation from the published manuscript. Additional 

information section (section 3.9) was included to provide additional clarifications of methods, results 

and discussions for the purpose of the development of the thesis. 
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3.3 Abstract 

Background: 

There has been an increasing interest in assessing disease-specific catastrophic costs incurred by 

affected households as part of economic evaluations and to inform joint social/health policies for 

vulnerable groups. Although the longitudinal study design is the gold standard for estimating disease-

specific household costs, many assessments are implemented with a cross-sectional design for 

pragmatic reasons. We aimed at identifying the potential biases of a cross-sectional design for 

estimating household cost, using the example of tuberculosis (TB), and exploring optimal approaches 

for sampling and interpolating cross-sectional cost data to estimate household costs.  

 

Methods: 

Data on patient incurred costs, household income and coping strategies were collected from TB 

patients in Negros Occidental and Cebu in the Philippines between November 2018 and October 2020. 

The data collection tools were developed by adapting WHO Tuberculosis Patient Cost Surveys: A 

Handbook into a longitudinal study design. TB-specific catastrophic cost estimates were compared 

between longitudinal and simulated cross-sectional designs using different random samples from 

different times points in treatment (intensive and continuation phases). 

 

Results: 

A total of 530 adult TB patients were enrolled upon TB diagnosis in this study. Using the longitudinal 

design, the catastrophic cost estimate for TB-affected households was 69% using the output approach. 

The catastrophic cost estimates with the simulated cross-sectional design were affected by the 

reduction and recovery in household income during the episode of TB care and ranged from 40-55%. 

 

Conclusion: 

Using longitudinally collected costs incurred by TB-affected households, we illustrated the potential 

limitations and implications of estimating household costs using a cross-sectional design. Not 

capturing changes in household income at multiple time points during the episode of the disease and 

estimating from inappropriate samples may result in biases that underestimates catastrophic cost.  
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3.4 IntroducƟon 

Tuberculosis (TB) is a chronic disease that requires a minimum of 6 months treatment [1]. The risk of 

TB infection and disease is associated with poverty, together with poor care-seeking behaviour, delay 

in diagnosis, and poor treatment adherence and the development of drug-resistant TB (DR-TB) [2-4]. 

Despite free TB services available in public health facilities, TB patients usually incur large costs for 

care seeking, diagnosis, and treatment. The costs include not only out-of-pocket (OOP) payments for 

direct medical costs, but also direct non-medical costs such as transportation, food or nutritional 

supplements and indirect costs such as income loss [5-7]. TB also impacts poverty as it can reduce the 

physical ability to work, and as a result lead to income loss [4-6]. In addition, households being affected 

by long-term diseases such as TB usually mobilize their money for treatments by dissaving, selling 

assets, or taking loans, making them poorer and trapped in the cycle of poverty [8], which can have a 

long-term economic impact on TB patients and their households [9]. 

 

In 2013, the World Health Organization (WHO) set the End TB Strategy, and one target of the strategy 

is “to ensure that no family is burdened with catastrophic expenses due to TB” [10]. To capture the 

current situation of TB associated household costs and monitor the progress to toward achieving this 

target, WHO supports countries to conduct baseline and periodic TB patient cost surveys [11]. 

National TB patient cost surveys have already been conducted so far in 31 countries [12]. 

 

In 2015, WHO produced a generic protocol and data collection tool (field testing version) which was 

later refined and published as a handbook in 2017 [11]. This handbook has also been adapted for use 

in other disease specific studies assessing societal and catastrophic costs. The WHO recommended 

using a cross-sectional design for the estimation of this target, given that it is commonly measured 

using population wide surveys. WHO then applied different approaches to estimate total costs 

incurred for TB services compared to that used for “catastrophic health expenditure” in the general 

population [11]. All the national surveys were designed and conducted as cross-sectional studies due 

to feasibility and practicality; smaller survey budget required, shorter duration of data collection, and 

no follow-up interviews required, compared to longitudinal designs. TB treatment has two phases, the 

intensive and continuation phase, which are treated with different regimens and different frequency 

of monitoring by providers. The estimation of direct costs (i.e. direct medical and non-medical costs) 

is based on an assumption that the frequency of health service utilization and expenditure within a 

treatment phase is consistent. Direct costs for the last facility visit by visit type (i.e. collection of TB 

drugs, directly observed therapy (DOT), follow-up by clinicians) were being captured, and then scaled 

up to the entire duration of the phase using the frequency of health service utilization. The direct costs 
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for the treatment phase that are not captured directly are extrapolated based on the median costs 

estimated from the data of other patients in that treatment phase [11].  

 

Indirect costs are estimated through two different methods: the output approach and human capital 

approach [11]. The output approach relies on self-reported household income before and during the 

TB episode, while the human capital approach uses reported time spent for care seeking and 

treatment during a TB episode multiplied by an individual hourly income estimated from reported 

income and working hours. 

 

This study aims to assess the differences in the costs using the output approach between the 

longitudinal and cross-sectional methods, and to identify methodological improvements in the WHO 

recommended surveys of costs incurred by people with TB and their households. We compare 

estimates of total costs and the prevalence of catastrophic costs between the longitudinal and cross-

sectional designs. Our analysis aims at highlighting limitations and implications of the current 

guideline for assessing catastrophic costs due to TB using a cross-sectional design, which can also 

inform methods for other diseases. 

 

3.5 Methods 

Study setting and population 

The estimated TB incidence in the Philippines was 650 per 100,000 in 2021 [13,14], and The Philippines 

has been classified by the WHO as one of the 30 high TB burden countries for both drug-susceptible 

TB (DS-TB) and multidrug-resistant and rifampicin resistant TB (MDR/RR-TB) [13-15]. The National 

Tuberculosis Control Program (NTP) conducted a nationwide TB patient cost survey in the Philippines 

between 2015–2017 using the WHO recommended cross-sectional design and cost extrapolation 

method [11,16]. The results of the survey found 42.4% (95% confidence interval (95% CI) 40.2-44.6%) 

of TB patients’ households faced catastrophic costs [14,17,18]. 

 

Our study was conducted as a nested sub-study of an ongoing longitudinal study aimed to measure 

the effects of malnutrition and diabetes in patients with TB in Manila, Negros Occidental and Cebu, 

the Philippines, and to investigate associations with treatment outcome through potential effects on 

treatment compliance, drug side effects, glycaemic control, weight gain and nutrition during 

treatment and cell-mediated immune responses (Appendix 1). Part of our nested sub-study was to 

assess the change in costs, income and coping mechanisms before TB diagnosis through to completion 

of TB treatment, and to assess the difference in costs incurred by TB patients with and without 
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diabetes [19]. It was conducted in Negros Occidental and Cebu in the Philippines. Negros Occidental 

is a province in the Western Visayas Region, located in the south-eastern area of the Philippines and 

categorized as a rural area with a population size of 2.6 million. Cebu is a province of the Central 

Visayas Region with the second largest city (Cebu city) in the Philippines and categorized as an urban 

area. We used a sub-sample of 11 health facilities and hospitals located in those two regions. All study 

sites in Cebu (urban setting) and Negros Occidental (rural setting) used for the main study were also 

used in our sub-study. The main objective of this sub-study was to compare patient costs incurred by 

TB patients (and their households) with versus without comorbid diabetes. Assuming a 90% consent 

rate and 91% treatment completion rate, we expected to collect patient cost data from a total of 502 

people with TB. Given 9-12% of the cohort were estimated to have diabetes (45-60 people) [20], we 

estimated that our sample size of 502 people with TB was sufficiently powered to detect a minimum 

17% increase in total costs, based on a 2011 diabetes patient cost study in Thailand [21,22]. 

The eligibility criteria of the main study were pulmonary TB patients aged 18 years or older. Although 

HIV positive TB patients were included in the main study, they were excluded in this sub-study to 

exclude the financial impact from TB-HIV coinfection. Therefore, costing study participants were TB 

patients from the main study enrolled between November 2018 and March 2020, and all the data 

collection was completed by October 2020.  

 

Study design and data collection 

We collected data on patient incurred costs, income, health service utilization, coping mechanisms 

and social consequences of TB at four time points as part of the ongoing main study [23]. The patient 

was interviewed at: 1) the start of TB treatment, 2) the end of the TB intensive phase (month 2 for DS-

TB and month 4 for DR-TB), 3) the midpoint of the TB continuation phase (month 4 for DS-TB and 

month 7.5 for DR-TB), and 4) the end of the TB continuation phase (month 6 for DS-TB and month 9 

for DR-TB). For DS-TB and DR-TB, the TB continuation phase lasts longer (4 months and 7 months) 

than the TB intensive phase (2 months and 4 months), respectively, and patients usually return to 

work during the TB continuation phase due to physical recovery and resolution of TB symptoms. This 

informed the two timepoints for data collection in the TB continuation phase of our study.  

 

Research nurses were based at each study site as interviewers to recruit study participants from the 

main study into this patient cost study. Prior to being deployed to each study site, research nurses 

received a five-day training on the survey instrument, process of informed consent, TB infection 

control measures, ethical considerations, and pilot data collection. While patients from the main study 

at each study site were waiting to be seen, a research nurse explained the purpose of the patient cost 
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study and shared an information sheet. Patients who agreed to participant in the research and signed 

the informed consent form were enrolled. Data collection for patient costs, household income and 

coping strategies was conducted by the trained research nurses via 30-45 minute in-person interviews 

at each participant’s home and by telephone during the period of COVID-19 lockdowns when it was 

difficult to have face-to-face interviews.  

 

The data collection tool was adapted from the national TB patient cost survey in the Philippines [17], 

and this in turn was based on the WHO guideline for surveys of costs incurred by people with TB and 

their households [11]. Costs consisted of direct medical costs (e.g. medical consultation fees, and costs 

for drugs, diagnostic tests before starting treatment, monitoring tests, hospitalization, and DOT), 

direct non-medical costs (e.g. costs for transportation, food and supplements, and accommodation), 

and indirect costs (e.g. income losses due to illness when too unwell to work and costs for a care giver). 

The data collection included household income and assets, health service utilization, coping 

mechanisms and social consequences of TB. Other socio demographic and clinical information such as 

age, sex, education level, TB diagnosis, and body mass index (BMI) were extracted from the main study. 

 

Data analysis 

Data were collected and entered at the time of the interviews via tablet-based questionnaires using 

Open Data Kit (ODK) and ODK collect. Data cleaning and processing, statistical analyses, and data 

visualizations were performed using R4.2.0. Data monitoring and validation were performed on a 

weekly basis, and identified missing data was collected by follow-up phone calls and entered into the 

database using R coding. Mean with standard deviation (SD) and 95% confidence intervals (CI), and 

median with inter-quartile range (IQR) were used for continuous data, and frequency and proportions 

(%) were used for categorical data. All results were stratified based on diabetes status at the time of 

TB diagnosis. Statistical differences between patients with DS-TB and DR-TB were tested using a chi-

square test for categorical data such as demographic and clinical characteristics and the t-test or 

Kruskal–Wallis’s test for continuous data such as income, health service utilization and cost data. 

Fisher’s exact test was performed for statistical differences in the proportion of catastrophic costs 

between the longitudinal and cross-sectional designs. Statistical significance was defined as a p-value 

less than 0.05. Data on costs and income were collected in Philippine Pesos (Php) and later converted 

into US$ for analysis at the rate of Php 51.19 per US$ 1, which was the average UN Operational Rate 

of Exchange during the data collection period (November 2018-October 2020). 
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Catastrophic cost estimates using the longitudinal study design 

Using longitudinal data, costs per phase were first interpolated backwards for the period since the last 

interview using the data on costs incurred for the last visit by purpose of visits (i.e. DOT, medical 

follow-up and drug pick-up) multiplied by the frequency of each visit type during each phase. Only for 

hospitalizations, the duration, reasons and incurred costs for each hospitalization were collected 

separately considering the individuality of costs of hospitalizations. Then total costs were estimated 

by summing the costs per phase. Catastrophic cost due to TB was defined as total costs, consisting of 

direct medical and non-medical costs and indirect costs, exceeding 20% of ability to pay (i.e. annual 

household income of TB patients) as per the WHO definition [11]. Following the method used for the 

Philippines national TB patient cost survey, our study used the output approach as the primary 

method for estimating indirect cost (differences in self-reported household income before having TB 

symptoms and at the time of each data collection). A secondary approach, estimating indirect costs 

using the human capital approach, was used and the results of the two approaches compared (see 

further details in Appendix 2). Reported annual household income prior to TB diagnosis was used as a 

primary indicator for ability to pay (denominator for estimating catastrophic costs due to TB, output 

approach). For TB-affected households reporting zero income before having TB, annual household 

income was imputed using a regression model based on household assets, and the imputed value was 

used as the denominator for catastrophic costs. 

 

Simulating catastrophic cost estimates collected using the cross-sectional design 

The total longitudinal patient costs over the full course of treatment were compared with results from 

a simulated cross-sectional design.  

In the simulated cross-sectional method, the aim was to simulate incurred expenses per patient at 

one time point only (either end of intensive phase or middle of continuation phase). To achieve this, 

we randomly sampled patients from our sample and allocated them to two groups; either those for 

whom data would have been collected at the end of the intensive phase and or in the middle of the 

continuation phase in accordance with WHO guidance. We then produced different samples for 

different proportions of patients in the intensive and continuation phases, respectively (i.e. 20%:80% 

(proportion 1), 35%:65% (proportion 2), 50%:50% (proportion 3)). The selection of these proportion 

combinations was based on the most commonly reported proportions used in published surveys of 

costs incurred by people with TB and their households conducted using the WHO recommended 

methodology (Appendix 4) [17,24-35]. Proportion 1 was adopted to replicate the sampling of the 

Philippines national TB patient cost survey. Proportion 2 was adopted to present the ideal proportion 

of patients in the cross-sectional design given that the majority of TB patients have DS-TB, which has 
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a 2-month TB intensive phase (33.3%) and 4-month TB continuation phase (66.6%), which results in 

the ratio of 33.3%:66.6%. Proportion 3 was adopted to replicate some national surveys that applied a 

higher proportion of patients in the TB intensive phase (e.g. Mongolia survey purposively applied 

50%:50% in the sampling) (Appendix 4). 

Thereafter the direct medical and non-medical costs of the non-sampled treatment phase were 

extrapolated based on the median costs estimated from other patients in that treatment phase, 

following the methodology used for national patient cost surveys [11]. In this extrapolation process 

for the direct costs, differences in the costs by drug-resistance status and with/without experience of 

hospitalization were considered.  

 

Ethical considerations 

Ethical approval for the main study, including approval for this sub-study, was obtained from the St. 

Cabrini Medical Center-Asian Eye Institute Ethics Review Committee (SCMC-AEI ERC) (ERC #2018-008). 

Ethical approvals were also obtained from the Ethics Review Committee of the WHO Regional Office 

for the Western Pacific (Ref: 2019.18.PHL.4.STB) and the Ethics Review Committee at the London 

School of Hygiene and Tropical Medicine and Nagasaki University. In addition to the ethics approvals, 

we obtained an endorsement letter from National TB Control Programme, Department of Health, the 

Philippines, to conduct this study. A written consent form was obtained from all participants before 

the commencement of the interview. The informed consent signed by all participants explicitly stated 

that only the principal investigator (PI) and co-PIs would have access to the study dataset. 

 

3.6 Results 

Study population 

A total of 530 adult TB patients were enrolled upon TB diagnosis in this study. Of these, 443 patients 

(83.6%) were enrolled in the first-line TB treatment (DS-TB patients) and 87 patients (16.4%) were 

enrolled in MDR/RR-TB treatment (DR-TB patients) (Table 9). Most of the study participants 

completed TB treatment (79.4%) while 15.6% had loss-to-follow-up, 1.2% had treatment failure, and 

3.9% died during TB treatment. Therefore, data from all four data collection timepoints were obtained 

for 445 participants (84%) (Table 10), which has been the basis for the analysis in Table 11 onwards. 

 

The proportion of participants with no education was less among DR-TB patients (DS-TB: 34.1%, DR-

TB: 21.8%, p=0.041). The proportion of participants receiving treatment support (facility or community 

DOT) while in DR-TB treatment was higher throughout TB treatment (intensive phase: DS-TB 17.3%, 
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DS-TB: 97.0%; middle of continuation phase: DS-TB 14.9%, DR-TB: 88.1%; end of continuation phase: 

DS-TB 13.0%, DR-TB 92.5%; p<0.001) (Table 9).  

 

Households for both DS-TB and DR-TB patients reported a substantial decline in household income at 

the time of TB diagnosis and during TB treatment. For DS-TB patients, the mean reported monthly 

household income before having TB symptoms was USD 183 (95%CI: USD 152-215), and it reduced to 

USD 77 (95%CI: USD 64-89) at TB diagnosis and USD 8 (95%CI: 6-10) at the end of the intensive phase. 

The reported household income increased to USD 194 (95%CI: USD 159-229) and USD 189 (95%CI: 

USD 155-223) during the middle and at the end of the continuation phase, respectively. For DR-TB 

patients, the mean reported monthly household income before having TB symptoms was USD 250 

(USD 182-319), decreasing to USD 99 (USD 64-134) at TB diagnosis and USD 13 (USD 2-23) at the end 

of the intensive phase. The reported household income increased to USD 204 (USD 149-259) and USD 

250 (USD 182-319) during the middle and at the end of the continuation phase, respectively (Table 9). 

 

The proportion of patients receiving the social support package was higher in DR-TB patients 

throughout TB treatment (intensive phase: DS-TB 3.3%, DR-TB: 86.8%; middle of continuation phase: 

DS-TB 4.8%, DR-TB: 94.3%; end of continuation phase: DS-TB 3.6%, DR-TB 96.2%; p<0.001 at all the 

time points). There was no statistical significance between the proportion of DS-TB and DR-TB patients 

receiving the conditional cash transfer (CCT) programme. The CCT programme was received by 16.0% 

(95%CI: 12.8-19.7%) of TB-affected households before TB diagnosis, and the proportion remained 

constant throughout TB treatment (TB diagnosis: 15.5% (95%CI: 12.4-19.2%), the end of intensive 

phase: 16.9% (95%CI: 13.6-20.6%), the middle of continuation phase: 15.5% (95%CI: 19.7-12.8%), the 

end of continuation phase: 14.6% (95%CI: 11.8-18.5%)) (Table 9). 

 

The mean total number of visits for TB services amongst all participants was 90.5 visits, with 5.1 visits 

occurring for care seeking before TB diagnosis. People with DR-TB had more frequent visits in total 

(DR-TB: 418.0, DS-TB: 47.1, p<0.001) compared to people with DS-TB (Table 9). There were significant 

differences (p<0.001) in the number of visits for TB services by treatment phase and by purpose of 

visit between people with DR-TB and DS-TB. 

 

Among the three main cost categories for TB services, the costs were predominantly driven by indirect 

costs throughout a TB episode. For DS-TB patients, the proportion of income loss out of total costs 

incurred before TB diagnosis was 73.8%, 94.4% in the intensive phase, 81.4% and 84.9% in the middle 

and end of the continuation phase. For DR-TB patients, the proportion was 51.0% before TB diagnosis, 
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89.1% in the intensive phase, 76.9% and 72.1% in the middle and end of the continuation phase, while 

the proportion of direct medical costs was also high at 31.0%.  
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Table 9. Demographic, clinical, and economic characteristics of study participants in Negros 

Occidental and Cebu, the Philippines by drug resistance status 

    Drug-susceptible 
TB 

Drug-resistant TB All TB patients  p-value 

    N (%) N (%)  N  (%)   
Total   443 83.6% 87 16.4% 530 100%  

Demographic 
characteristics 

  
      

 

Sex Female 133 30.0% 21 24.1% 154 29.1% 0.329 
Age group 18–24 69 15.6% 10 11.5% 79 14.9% 0.092 

25–34 74 16.7% 15 17.2% 89 16.8% 
 

35–44 61 13.8% 17 19.5% 78 14.7% 
 

45–54 85 19.2% 25 28.7% 110 20.8% 
 

55–64 82 18.5% 13 14.9% 95 17.9% 
 

≥65 72 16.3% 7 8.1% 79 14.9% 
 

Education level No education/Primary 151 34.1% 19 21.8% 170 32.1% 0.041 
High school 213 48.1% 45 51.7% 258 48.7% 

 

University or 
higher/Vocational 

79 17.8% 23 26.4% 102 19.3% 
 

Insurance status No insurance 125 28.2% 28 32.2% 153 28.9% 0.479 
PhilHealth 194 43.8% 32 36.8% 226 42.6% 

 

GSIS/SSS (insurance for 
formal employment) 

124 28.0% 27 31.0% 151 28.5% 
 

Household size   5(1-14) 
 

4(1-14) 
 

5(1-14) 
  

Employment 
status before TB 

Employed (Formal) 88 19.9% 23 26.4% 111 20.9% 0.140 
Employed (Informal) 171 38.6% 29 33.3% 200 37.7% 

 

Unemployed 150 33.9% 33 37.9% 183 34.5% 
 

Student/Retired 34 7.7% 2 2.3% 36 6.8% 
 

Primary income 
earner 

Yes 209 47.2% 46 52.9% 255 48.1% 0.393 

Clinical 
characteristics 

                

Diabetes status 
at TB diagnosis 

With diabetes 112 25.3% 32 36.8% 144 27.2% 0.038 

Treatment 
history 

New 322 73.4% 24 27.6% 346 65.8% <0.001 
Relapse 111 25.3% 46 52.9% 157 29.9% 

 

Retreatment 5 1.1% 10 11.5% 15 2.9% 
 

Unknown 0 0.0% 5 5.8% 5 1.0% 
 

Body mass index 
(kg/m2) 

>=18.5 254 57.5% 44 50.6% 298 56.3% 0.286 

Diagnostic delay 
(>4weeks) 

  308 69.5% 69 79.3% 377 71.1% 0.087 

Duration of TB 
treatment 
(weeks) 

Intensive phase: 
Mean, SD 

8 1.2 18 2.8 10 3.9 <0.001 

Continuation phase: 
Mean, SD 

16 1.5 22 2.0 17 2.4 <0.001 

Hospitalized due 
to TB 

  39 8.8% 13 14.9% 52 9.8% 0.118 

Treatment 
supports in 
intensive phase 

Self-administered 340 82.7% 2 3.0% 342 71.6% <0.001 
With treatment 

partner 
71 17.3% 65 97.0% 136 28.5% 

 

Treatment 
supports in 
middle of 
continuation 
phase 

Self-administered 338 85.1% 7 11.9% 345 75.7% <0.001 
With treatment 

partner 
59 14.9% 52 88.1% 111 24.3% 

 

Treatment 
supports in end 
of continuation 
phase 

Self-administered 341 87.0% 4 7.6% 345 77.5% <0.001 
With treatment 

partner 
51 13.0% 49 92.5% 100 22.5% 

 

Financial status   Mean 95% CI Mean 95% CI Mean 95% CI   
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Self-reported 
monthly 
household 
Income (in US$) 

Before onset of TB 
symptoms  

183.4 (151.7-
215.2) 

179.0 (139.2-
218.8) 

182.7 (155.4-
210.0) 0.865 

At the time of TB 
diagnosis 

76.7 (64.3-
89.1) 

98.6 (63.8-
133.5) 

80.3 (68.4-
92.1) 0.245 

At the end of 
intensive phase 

8.0 (5.8-
10.1) 

12.5 (1.8-23.2) 8.6 (6.2-
11.0) 0.420 

At the middle of 
continuation phase 

194.0 (158.6-
229.4) 

203.8 (148.9-
258.8) 

195.3 (163.6-
226.9) 0.768 

At the end of 
continuation phase 

189.3 (155.4-
223.2) 

250.2 (181.5-
318.9) 

196.5 (165.5-
227.6) 0.120 

Social supports 
for TB patients 

Before TB diagnosis 0.3 (0.04-
1.8) 

20.8 (11.7-
34.1) 

2.7 (4.7-1.5) <0.001 

Intensive phase 3.3 (1.9-5.6) 86.8 (74.4-
93.7) 

13.3 (16.8-
10.4) <0.001 

Middle of 
continuation phase 

4.8 (3.1-7.5) 94.3 (83.5-
98.2) 

15.5 (19.2-
12.4) <0.001 

End of continuation 
phase 

3.6 (2.1-6.0) 96.2 (85.7-
99.1) 

14.6 (18.2-
11.6) <0.001 

Conditional cash 
transfer for poor 

Before TB diagnosis 16.3 (13.0-
20.3) 

13.2 (6.3-25.6) 16.0 (19.7-
12.8) 0.561 

Intensive phase 15.6 (12.3-
19.5) 

15.1 (7.6-27.8) 15.5 (19.2-
12.4) 0.930 

Middle of 
continuation phase 

16.8 (13.4-
20.9) 

17.0 (8.9-29.9) 16.9 (20.6-
13.6) 0.979 

End of continuation 
phase 

15.1 (11.8-
19.0) 

13.2 (6.3-25.6) 14.8 (18.5-
11.8) 0.723 

Health service utilization (times of facility 
visits) 

Mean 95% CI Mean 95% CI Mean 95% CI   

Before TB 
diagnosis 

Care seeking 5.1 (4.9-5.3) 5.8 (5.1-6.6) 5.1 (4.9-5.3) 0.033 

Intensive phase Medical follow-up 0.7 (0.7-0.8) 3.2 (2.3-4.1) 1.0 (0.9-1.2) <0.001 
Drug pickup 6.9 (6.3-7.6) 97.0 (83.1-

110.8) 
17.5 (14.3-

20.7) 
<0.001 

Directly observed 
therapy 

9.1 (6.9-
11.3) 

117.7 (109.2-
126.1) 

21.8 (17.9-
25.7) 

<0.001 

Middle of 
continuation 
phase 

Medical follow-up 0.4 (0.4-0.5) 1.8 (1.5-2.0) 0.6 (0.5-0.6) <0.001 
Drug pickup 5.7 (5.2-6.2) 43.5 (33.6-

53.3) 
10.1 (8.4-

11.8) 
<0.001 

Directly observed 
therapy 

7.3 (5.5-9.1) 59.4 (50.0-
68.8) 

13.4 (10.9-
15.9) 

<0.001 

End of 
continuation 
phase 

Medical follow-up 0.6 (0.6-0.7) 1.7 (1.4-2.0) 0.7 (0.7-0.8) <0.001 
Drug pickup 5.3 (5.0-5.6) 31.7 (22.5-

41.0) 
8.4 (7.0-9.8) <0.001 

Directly observed 
therapy 

5.9 (4.3-7.6) 56.2 (47.7-
64.8) 

11.8 (9.5-
14.2) 

<0.001 

Total (before TB diagnosis until end of 
continuation phase) 

 47.1   (41.6-
52.6)  

 418.0   (383.8-
452.1)  

 90.5   (77.7-
103.2)  

<0.001 

Diagnostic delay: Duration from start having TB symptoms until TB diagnosis 

 

 

 

 

 

 

 

 



 

106 
 

Table 10. Characteristics of longitudinal versus cross-sectional study design for patient cost data 

collection 

CharacterisƟc Longitudinal study (our study) Cross-secƟonal study (surveys of 
costs incurred by people with TB and 
their households) 

Sample populaƟon PaƟents newly diagnosed with TB PaƟents receiving TB treatment (at 
least iniƟal 14 days of the current 
treatment phase) 

DuraƟon of study Enrolment period plus follow-up 
period (at least 6 months for DS-TB 
and 9 months for DR-TB) 

Depending on TB burden in study 
sites, on average 4-6 months 

Example for length of 
data collection 

2 years for the sample size of 530 3-6 months for the sample size of 
500-1300 

Number of data 
collecƟon points 

At least 4 Ɵmes per paƟent to assess 
changes in income, costs, and coping 
mechanisms over Ɵme. 
(e.g. at TB diagnosis, during intensive 
phase, and during conƟnuaƟon 
phase) 

Single Ɵme point per paƟent, 
interviewed during either intensive 
phase (costs before and during TB 
diagnosis, and during intensive 
phase) or conƟnuaƟon phase (costs 
during conƟnuaƟon phase). 
 

Missing data More due to dropout (84% 
compleƟon rate for 4 interviews, 
>90% of parƟcipants without missing 
data at each Ɵme point) 
(e.g. refuse to parƟcipate, moveout 
from study areas, death, loss to 
follow-up) during follow-up period. 

Less (>90% of parƟcipants without 
missing data) 
(have missing data only to specific 
quesƟons for which parƟcipants 
refuse to answer) 

Recall bias 1 week to 1 month for the recall 
period 

maximum 3-9 months for the recall 
period for income before TB 
diagnosis 

EsƟmaƟon of total 
costs 

InterpolaƟon of costs in each 
treatment phase based on data from 
same paƟent over period of TB 
episode. 

ExtrapolaƟon of reported costs to 
esƟmate costs incurred during the 
phase in which paƟents were not 
interviewed. 
(e.g. costs incurred during 
conƟnuaƟon phase for paƟents who 
were in intensive phase at the Ɵme 
of interview) 

 

Comparison of total costs between longitudinal and simulated cross-sectional designs 

With the output approach, using longitudinal data, the mean total cost was estimated as USD 932 

(95%CI: USD 798-1066). However, the mean total costs estimated using the cross-sectional design was 

based on the proportion of patients in the intensive and continuation phases. It was USD 680 (95%CI: 

USD 566-794) for proportion 1, USD 928 (95%CI: USD 710-1146) for proportion 2, and USD 1113 

(95%CI: USD 878-1348) for proportion 3 (Table 11). Income loss was the main contributor to 

differences between the longitudinal and cross-sectional designs. Income loss was estimated at USD 

802 (95%CI: USD 672-932) with the longitudinal method, while the cross-sectional methods estimated 
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USD 550 (95%CI: USD 440-660), USD 788 (95%CI: USD 573-1002) and USD 975 (95%CI: USD 744-1206) 

for proportions 1, 2 and 3 respectively (Table 11).   

 

Table 11. Detail of costs incurred per TB-affected households, by design, mean (95%CI), output 

approach 

 

Comparison of TB-affected households facing catastrophic costs 

Using the output approach and longitudinal method, 69.0% (95%CI: 64.7-73.3%) of TB-affected 

households incurred costs >20% of annual household income (Figure 8).  

With the cross-sectional method, 39.7% (95%CI: 35.2-44.2%) of TB-affected households faced 

catastrophic costs for proportion 1, which was lower than that for proportion 2 (47.9%, 95%CI: 43.4-

52.5%) and for proportion 3 (54.6%, 95%CI: 50.1-59.2%). Statistically significant differences (p<0.001) 

were observed between the catastrophic costs using the longitudinal and cross-sectional designs for 

TB patient costs, US$ 
Longitudinal 

Cross-sectional 

Proportion of patients in intensive and continuation phases 

20:80 35:65 50:50 

Mean  (95% 
CI) 

% Mean  (95% 
CI) 

% Mean  (95% 
CI) 

% Mean  (95% 
CI) 

% 

Pre-TB 
diagnosis 

Direct medical costs 
28.7 (20.1-

37.3) 
3.1% 13.9 (12.4-

15.3) 
2.0% 16.1 (14.3-

17.9) 
1.7% 16.7 (14.9-

18.4) 
1.5% 

Direct non-medical costs 
29.1 (24.3-

33.9) 
3.1% 18.4 (17.1-

19.6) 
2.7% 20.3 (17.8-

22.9) 
2.2% 23.4 (19.6-

27.1) 
2.1% 

Income loss 
219.3 (161.2-

277.4) 
23.5% 125.8 (89.6-

161.9) 
0.0% 179.7 (126.9-

232.5) 
0.0% 263.7 (180.6-

346.9) 
0.0% 

Post-TB 
diagnosis 

Direct 
medical 

costs 

Drug pickup 
0.05 (0-0.1) 0.0% 0.002 (0-

0.006) 
0.0% 0.004 (0-

0.009) 
0.0% 0.01 (0.001-

0.02) 
0.0% 

Directly 
observed 
therapy 

0.0 (0.0-
0.0) 

0.0% 0.0 (0.0-
0.0) 

0.0% 0.0 (0.0-
0.0) 

0.0% 0.0 (0.0-
0.0) 

0.0% 

Follow-up 
1.8 (0.9-

2.6) 
0.2% 1.5 (0.5-

2.5) 
0.2% 2.1 (0.9-

3.2) 
0.2% 1.2 (0.2-

2.2) 
0.1% 

Hospitalization 1.8 (0-4.3) 0.2% 2.7 (0-6.3) 0.4% 2.2 (0-5.7) 0.2% 2.0 (0-4.8) 0.2% 

Direct 
non-

medical 
costs 

Accommodation 
0.06 (0-0.1) 0.0% 0.5 (0.2-

0.8) 
0.1% 0.3 (0.2-

0.4) 
0.0% 0.4 (0.2-

0.7) 
0.0% 

Food 
3.6 (2.6-

4.6) 
0.4% 7.6 (4.0-

11.1) 
1.1% 7.6 (3.6-

11.6) 
0.8% 6.9 (3.5-

10.4) 
0.6% 

Travel 
19.2 (16.2-

22.1) 
2.1% 33.2 (24.7-

41.7) 
4.9% 32.7 (22.0-

43.3) 
3.5% 34.7 (22.6-

46.7) 
3.1% 

Nutritional 
supplement 

45.8 (40.0-
51.7) 

4.9% 52.1 (44.3-
59.8) 

7.7% 59.0 (49.9-
68.1) 

6.4% 52.4 (44.6-
60.2) 

4.7% 

Income loss 
582.7 (493.3-

672.1) 
62.5% 424.2 (341.9-

506.5) 
62.4% 607.9 (434.1-

781.7) 
65.5% 711.3 (534.7-

887.8) 
63.9% 

Total direct medical costs 
 32.3  (23.3-

41.3) 
3.5% 18.1 (13.7-

22.5) 
2.7% 20.3 (16.0-

24.7) 
2.2% 19.9 (16.5-

23.3) 
1.8% 

Total direct non-medical costs 
 97.7  (87.6-

107.8) 
10.5% 111.7 (97.0-

126.4) 
16.4% 119.9 (101.7-

138.1) 
12.9% 117.9 (0-

135.9) 
10.6% 

Total income loss   
802.0 (672.0-

932.1) 
86.1% 550.0 (439.5-

660.4) 
80.9% 787.7 (572.9-

1002.4) 
84.9% 975.0 (743.9-

1206.1) 
87.6% 

Total cost   
932.0 (798.4-

1065.7) 
100.0% 679.8 (565.8-

793.7) 
100.0% 927.9 (710.0-

1145.7) 
100.0% 1112.8 (877.7-

1347.8) 
100.0% 
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proportions 1, 2 and 3 and also within the cross-sectional design (between proportions 1 and 2, and 

proportions 2 and 3). 

Figure 8. Percentage of TB-affected households facing catastrophic costs (> 20% of annual household 

income) 

 

 

Coping mechanisms and social consequences 

Half (50.3%) of TB-affected households relied on either dissaving, loans, or selling household assets to 

cope with the financial burden prior to TB diagnosis (Figure 9). The proportion decreased to 20.2% in 

the intensive phase and 11.0% and 11.7% during the middle and at the end of the continuation phase. 

Among the three coping mechanisms, taking loans was the most common, at 32.6% before TB 

diagnosis, 15.3% in the intensive phase, and 7.9% and 9.9% during the middle and at the end of the 

continuation phase, respectively. 

Job loss was the most encountered social consequence of TB, with nearly half of households 

experiencing job loss before TB diagnosis (46.1%) and during the intensive phase (40.9%). Food 

insecurity was greatest amongst households during the intensive phase (7.6%), but social exclusion 

was greatest before TB diagnosis (12.8%). 
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Figure 9. Coping mechanisms and social consequences due to TB 

 

 
*interrupted schooling includes both children in households and patients themselves 

 

Monthly costs incurred by TB-affected households, by drug-resistance status, output approach 

There were no substantial differences in the mean monthly costs between DS-TB and DR-TB patients 

(Figure 10). Both categories incurred high costs before TB diagnosis (DS-TB: USD 157, DR-TB: USD 147 

per month) and in the intensive phase (DS-TB: USD 195, DR-TB: USD 196 per month). The monthly 
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costs decreased to USD 57 (DS-TB) and USD 74 (DR-TB) per month at the middle of the continuation 

phase and to USD 65 (DS-TB) and USD 62 (DR-TB) per month at the end of the continuation phase. 

 

Figure 10. Monthly mean costs by TB drug resistance status, treatment phase and cost category, 

output approach 

 

 

3.7 Discussion 

Key findings 

Our analysis highlighted the potential bias of estimating disease-specific catastrophic costs using a 

cross-sectional design. We found that catastrophic cost estimates of TB were underestimated with 

the cross-sectional approach compared to the longitudinal approach. The catastrophic cost estimates 

with the cross-sectional approach were considerably affected by the proportion of patients taken from 

each treatment phase. Our analysis with a simulated cross-sectional approach showed that the 

catastrophic cost estimates ranged from 40% to 55% according to the proportion of patients selected 

in the intensive versus continuation phase. This is due to an inherent failure in the cross-sectional 

design to capture changes in household income during a TB episode because the changes experienced 

during the intensive phase are typically reduced by 95% but increased by 7%-8% during the 

continuation phase, compared to household income prior to TB symptoms. 
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Redesigning surveys of costs incurred by people with TB and their households for robust evaluation 

of indirect costs 

In the longitudinal approach, the changes in household income (and incurred income loss) can be 

captured by having multiple data collection points. However, in the WHO recommended cross-

sectional design, the changes cannot be captured as the income loss during TB treatment is calculated 

based on the difference in income between before having TB symptoms and at the time of TB 

diagnosis [11]. In our study, TB-affected households were more financially vulnerable during pre-

diagnosis and the TB intensive phase, with their household income recovering in the TB continuation 

phase to that of the level before having TB symptoms. In line with the changes in household income, 

the proportions of households using savings and taking loans were also high during these periods. In 

this situation, with the cross-sectional design, income loss is overestimated for those in the TB 

intensive phase and underestimated for those in the continuation phase. 

However, there is a trade-off with these inaccurate estimates and using a longitudinal design which 

requires a longer duration for study implementation, more frequent data collection, and a larger 

budget. In resource-limited settings, it is not always feasible to estimate catastrophic costs using the 

longitudinal design and the cross-sectional design must be used. Our findings indicate that care should 

be taken when interpretating cross-sectional patient cost surveys. Indirect costs were the main cost 

driver in 13 surveys of costs incurred by people with TB and their households out of 31 completed 

[12], which highlights why robust evaluation of indirect costs is essential in assessing TB patient costs. 

One option for the cross-sectional design is to enrol TB patients while in the TB continuation phase 

only to allow an assessment of household income before TB, during TB diagnosis, in the TB intensive 

and continuation phases, even though this increases the risk of recall bias. A study in Nepal that 

compared the results of TB patient cost between the longitudinal and cross-sectional approaches 

suggested that in resource-constrained settings where a longitudinal study design is not feasible, one-

time data collection in the TB continuation phase would provide more accurate cost estimates [36]. 

Another option is to consider surveys of costs incurred by people with TB and their households using 

a feasible longitudinal design. Although the longitudinal approach requires additional time and 

financial resources and may increase the risk of attrition bias, it provides a more robust evaluation of 

costs and income per person across an episode of TB [37,38]. Our study conducted data collection at 

four time points during an episode of TB, and another longitudinal TB patient cost study (TB Sequel) 

collected data at 0, 2, 6, 12 and 24 months, which is likely not feasible in resource-limited settings 

[37]. Therefore, WHO guidelines for conducting surveys of costs incurred by people with TB and their 
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households could explore a more feasible option for a longitudinal approach, such as two data 

collection timepoints: once in each of the intensive and continuation phases.  

 

Required recommendations for sampling 

The absence of an official recommendation about the sample proportions to be obtained in the TB 

intensive and continuation phases for national surveys using the cross-sectional design resulted in 

large differences, varying from 19% in the Philippines to 53% in Solomon Islands [11]. This may have 

resulted in under or overestimation of indirect costs. Given the majority of TB patients globally have 

DS-TB and the treatment requires 2 months for the intensive phase and 4 months for the continuation 

phase [1,14], the appropriate proportion of patients in the intensive phase would be around 33.3%. 

And given that 2.5% of global TB notifications are DR-TB, with shorter treatment regimens typically 

lasting 4 months for the intensive phase and 5 months for the continuation phase, the appropriate 

proportion is 33.6% [39]. For the WHO-recommended surveys, since the proportion of patients with 

DR-TB varies by country, it can be recommended that the ideal sampling proportion needs to be 

defined using the latest statistics around TB notifications 

(https://worldhealthorg.shinyapps.io/tb_profiles/). In the case of the Philippines, out of 444,987 total 

cases notified in 2022, 9916 cases (2.2%) were MDR/RR-TB, and therefore, the ideal proportion of 

patients in the intensive phase is estimated as 33.6% assuming all MDR/RR-TB patients are on 

treatment with the shorter 9-month regimen. For countries with a large number of (pre-)extensively 

drug-resistant TB (XDR-TB) and/or extrapulmonary TB, the proportion of notifications may need to be 

considered as the treatment for (pre-)XDR-TB and extrapulmonary TB takes longer than that for 

pulmonary DS-TB. Our findings suggests that the catastrophic cost estimates in studies that enrolled 

more than 33.6% of participants from the intensive phase and applied the output approach (i.e. 50% 

or more in Kenya, Solomon Islands, Uganda, Vietnam, and Zimbabwe) might have been overestimated 

(Table 12). Surveys that under-sampled patients in the intensive phase (i.e. 19% in the Philippines) 

may have underestimated the catastrophic costs. Hence our study findings highlight the need for an 

official recommendation by WHO. 
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Table 12. List of national patient cost surveys and proportion of cross-sectionally enrolled 

participants in intensive and continuation phases 

Country 
Year of 
data 
collection 

Sampling in cross-
sectional design Method 

for indirect 
costs* 

 Inclusion 
of 
indirect 
costs 
before 
diagnosis 

Authors, 
year of 
publication 

Reference Intensive 
phase 

Continuation 
phase 

Democratic 
Republic of the 
Congo 2019 49.1% 50.9% 

Human 
capital 
approach Yes 

Kaswa M, 
2021 [34] 

Ghana 2016 33.6% 66.4% 
Output 
approach No 

Pedrazzoli 
D, 2018 [28]  

Kenya 2017 50.7% 49.3% 

Human 
capital 
approach Yes 

Kirubi B, 
2021 [27] 

Lao People 
Democratic 
Republic 2018 37.2% 62.8% 

Output 
approach No 

Chittamany 
P, 2020 [25]  

Mali 2021 37.5% 62.5% 

Human 
capital 
approach Yes 

Traore M, 
2022 [31] 

Myanmar 2015 39.1% 60.9% 
Output 
approach No 

Aung ST, 
2021 [33]  

Philippines 
2016-
2017 19.4% 80.6% 

Output 
approach No 

Florentino 
JL, 2022 [17] 

Papua New 
Guinea 2018 34.2% 65.8% 

Output 
approach No Aia P, 2022 [29]  

Solomon 
Islands 

2017-
2019 53.0% 47.0% 

Output 
approach No 

Viney K, 
2021 [24] 

Timor-Leste 
2016-
2017 39.8% 60.2% 

Output 
approach No 

Viney K, 
2019 [35] 

Tanzania 2018 39.0% 61.0% 

Human 
capital 
approach Yes 

Kilale AM, 
2022 [30]  

Uganda 2017 47.5% 52.5% 

Human 
capital 
approach Yes 

Muttamba 
W, 2020 [32] 

Vietnam 2016 49.0% 51.0% 
Output 
approach No 

Nhung NV, 
2018 [40]  

Zimbabwe 2018 43.6% 56.4% 
Output 
approach No 

Timire C, 
2021 [26]  

 

*Human capital approach: indirect costs were estimated from lost time multiplied by hourly wage that were the national average or 

estimated from self-reported income and working hours of survey participants. Output approach: indirect costs were estimated from the 

difference in self-reported household income before having TB symptoms and at the time of interview in the survey. 
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Inconsistency between recommendations and implementations 

We found that the mean total costs incurred by TB-affected households was USD 932, and of these 

costs 24% (USD 219) was indirect costs borne during care seeking before TB diagnosis. More than 70% 

of our study participants took four weeks or more from the onset of TB symptoms until the diagnosis 

of TB, and therefore the long duration of care seeking and the consequent delay in TB diagnosis 

resulted in income loss even before diagnosis of the disease. This result is consistent with a previous 

systematic review of TB patient cost studies showing that indirect costs before TB diagnosis accounted 

for 26% of total costs [6]. The WHO recommendation clearly stated, "Use self-reported household 

income at three points in time (before the onset of TB symptoms, at the time of diagnosis and during 

the "current" treatment phase) to estimate income change before and during the TB episode”. 

However, the implementation is being conducted differently for surveys using the output approach. 

As we summarize in Appendix 4, the majority of national surveys used the output approach for 

estimating indirect costs, but none of them included income loss before TB diagnosis [17,24-

26,28,29,33,35,40]. This inconsistency between the recommendation and the implementation can be 

also observed in a recent WHO publication “National surveys of costs faced by tuberculosis patients 

and their households 2015-2021” [41]. In part 2, 20 country profiles are presented, and for those using 

the output approach, the publication was unable to present income loss before TB diagnosis. The 

exclusion of indirect costs before TB diagnosis may have a considerable impact on catastrophic cost 

estimates since it lowers the catastrophic cost estimates. Yet of 14 publications of surveys of costs 

incurred by people with TB and their households implemented using a cross-sectional design, nine 

surveys applied the output approach as a method for estimating indirect costs [17,24-

26,28,29,33,35,40]. Our analyses re-highlights the impact of indirect costs before TB diagnosis and the 

need to correct the inconsistency between the recommended method and what is implemented in 

surveys of costs incurred by people with TB and their households. 

 

Limitations 

This study had several limitations. First, this study was conducted using 11 health facilities located in 

urban (Cebu) and rural (Negros) settings in the Philippines, and therefore, the results and findings 

cannot be generalized. Changes in household income, coping mechanism, and social consequences of 

a disease could be markedly different by country and local contexts. Although the reduction and 

recovery in household income and in social consequences in our findings are observed in a longitudinal 

study in Vietnam, the pattern was not identified in another longitudinal study that assessed the 

catastrophic cost estimates for TB in Nepal [42,43]. Second, in this study, 16% of participants were not 

able to complete four data collection time points due to drop out from TB treatment or study 
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participation, and therefore, results of catastrophic cost estimates might be affected by attrition bias. 

Also, the dropout rate in the longitudinal design will be an issue if the study design is applied to a 

national survey since the WHO recommended national surveys require a much larger sample size (i.e. 

around 800-1,000 or more), and a high dropout rate may result in extension of survey duration. The 

issue needs to be carefully considered especially for countries with mobile populations. Third, 

although the longitudinal study design allowed multiple interviews during a TB episode with less recall 

bias compared to a cross-sectional study, this study assessed costs from the onset of TB symptoms to 

the completion of TB treatment. Therefore, financial loss due to TB-related sequalae and/or prolonged 

social consequences after TB treatment were not investigated in this study. Fourth, self-reported 

income was used as the ability to pay measure in the catastrophic cost estimates in this study. 

However, the use of self-reported income can induce the underestimation of the catastrophic cost 

compared to methods with the asset linking approach or income estimates using the national average 

[44]. Furthermore, though household consumption/expenditure is considered the gold standard for 

estimating ability to pay [45,46], we did not explore this method. Further studies developing and 

validating a consumption/expenditure-based measure will contribute to the improvement of the 

measurement of ability to pay in the catastrophic cost estimates. 

 

3.8 Conclusion 

Using longitudinal data of costs incurred by TB-affected households, we illustrated the potential 

limitations and implications of estimating indirect costs using a cross-sectional design and the output 

approach in the catastrophic cost estimates. Excluding possible changes in household income during 

the treatment of the disease and an inappropriate sampling balance from the different treatment 

phases will potentially underestimate catastrophic costs. Our findings can contribute to improvements 

in the recommendations and guidelines provided by the WHO Task Force for conducting surveys of 

costs incurred by people with TB and their households to assess TB-specific catastrophic costs. 
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3.9 AddiƟonal informaƟon 

Data collection and extrapolation used for the simulated cross-sectional design 

While in the longitudinal design, the total costs were calculated from the data collected at four 

timepoints; in the simulated cross-sectional design, the costs of e.g. the continuation phase were 

extrapolated using medians by purpose of visits (i.e. drug pick-up, DOT, medical follow-up and 

hospitalization) from the samples from the continuation phase (Table 13). 

 

Table 13. Difference in cost estimation between the longitudinal and simulated WHO cross-sectional 

design 

# Category of people 
with TB 

Cost before TB 
diagnosis 

Cost during 
intensive phase 

Cost from start to 
middle of 
continuation 
phase 

Cost from middle 
to end of 
continuation 
phase 

Simulated WHO cross-sectional design       

1 
Sampled from the 
dataset at end of 
intensive phase 

Calculated from 
the data collected 
at enrolment 

Calculated from 
the data collected 
at end of intensive 
phase 

Extrapolated using the median costs 
from the sample population 2 

2 
Sampled from the 
dataset at middle of 
continuation phase 

Extrapolated using the median costs 
from the sample population 1 

Calculated from 
the data collected 
at middle of 
continuation 
phase 

Inflated from the 
data collected at 
middle of 
continuation 
phase 

Longitudinal design         

- All study 
participants 

Calculated from 
the data collected 
at enrolment (at 0 
month of TB 
treatment) 

Calculated from 
the data collected 
at end of intensive 
phase (at 2nd 
month of DS-TB 
treatment, at 6.5th 
month of DR-TB 
treatment with 9-
months regimens) 

Calculated from 
the data collected 
at middle of 
continuation 
phase (at 4th 
month of DS-TB 
treatment, at 6.5th 
month of DR-TB 
treatment with 9-
months regimens) 

Calculated from 
the data collected 
at end of 
continuation 
phase (at 6th 
month of DS-TB 
treatment, at 9th 
month of DR-TB 
treatment with 9-
months regimens) 

 

Use of means, not medians in the cost extrapolations in the simulated cross-sectional design 

As described above, in the WHO recommended methods for national TB patient cost surveys, medians 

are used in the cost extrapolation. In this additional analysis, the impact of using means instead of 

medians in the cost extrapolation was assessed, and the analysis showed that the results using means 

increased the total cost estimates and the catastrophic cost estimates e.g. with 20:80, the catastrophic 

cost estimates increased from 39.7% in Figure 8 to 41.3% in Figure 11. 

Hence, the use of means vs medians in the cost extrapolations may also need to be considered in the 

revision of WHO guidance on national TB patient cost surveys. 
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Figure 11. Percentage of TB-affected households facing catastrophic costs (> 20% of annual 

household income), using means for cost extrapolations 

 

 

Potential under and overestimation of income loss in the cross-sectional design 

The longitudinal design allowed this study to capture the changes in household income and the 

dynamics of income loss during an episode of TB (Figure 12). In the cross-sectional design with the 

current WHO recommended method, the data on household income is available only at the time of 

the data collection, and the method assumes that the collected household income data is applicable 

to the other treatment phase. This assumption may result in overestimation (Figure 13) and 

underestimation (Figure 14) of indirect costs when the sampling was unbalanced between the 

intensive and continuation phases. Also, the pattern of changes in household income could influence 

the over-/under-estimation of indirect costs i.e., whether household income considerably decreases 

during TB care seeking and the intensive phase, whether household income recovers during the 

continuation phase to the level of before having TB. 
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Figure 12. Income loss estimation in the longitudinal design (based on reported household income 

in Table 9) 

 

 

Figure 13. Income loss estimation for the sample population in the intensive phase in the cross-

sectional design (based on the current practice in the national TB patient cost surveys) 

 
* This figure assumes that the income changes in this study is applicable as a nationally representative result. 
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Figure 14. Income loss estimation for the sample population in the continuation phase in the cross-

sectional design (based on the current practice in the national TB patient cost surveys) 

 
* This figure assumes that the income changes in this study is applicable as a nationally representative result. 

 

Asset-based imputation used as the denominator of catastrophic total costs due to TB 

To avoid obtaining infinity in the catastrophic cost calculation, asset-based imputed household income 

was used to replace the annual household income for those who reported zero household income 

before TB . This method is consistent with the WHO recommended analytical approach for national 

TB patient cost surveys (https://github.com/GTB-PCS), rather than other approaches e.g. minimum 

wage, to take the financial characteristics of population with TB into account [11]. The selection of 

assets used for the income imputation was done by univariate logistic regression analysis was 

conducted to identify predictor variables for household income from the sample population with non-

zero household income and then conducted multivariate backward stepwise logistic regression to 

identify the final selection of asset items (Table 2) based on the Akaike information criterion (AIC).   

 

Periodic measurement of the percentage of TB-affected households facing catastrophic total costs 

due to TB 

In the WHO handbook for national TB patient cost surveys, the periodic measurement of the 

catastrophic cost indicator was recommended (i.e. every five years) [11]. WHO needs to address the 
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methodological issues raised in this chapter and publish the revised guidance on national TB patient 

cost surveys. At the time of writing this thesis, the updated guidance is under development. 

 

Output approach and human capital approach in estimating indirect costs 

The output approach measures income loss and uses self-reported household income to measure the 

difference in income at different points in time before TB, at TB diagnosis and during TB treatment, 

while the human capital approach measures productivity loss and uses self-reported time spent for 

care seeking and TB treatment, multiplied by an individual hourly income. The output approach 

captures loss of income in households for any reasons, not only for seeking or receiving health services, 

during an episode of TB. However, this approach may underestimate the economic value of self-

employed or informal worker’s indirect costs. The human capital approach includes the economic 

value of lost time in households to seek or receive care for TB, which may overestimate costs in 

informal labour sector, especially in high unemployment settings. 

 

Impact of post TB treatment costs 

Economic consequences and sequalae of TB were not included in the scope of the data collection and 

analysis which was one of limitations of this study. The potential post TB treatment costs may include 

costs for visiting health facilities for TB sequalae, continuous income loss after the completion of TB 

treatment, or interest payment for the loans taken during an episode of TB.   

 

Sample size calculation 

Assuming a consent rate of 90% for this costing study, I expected to enrol 558 people with TB with 

known diabetes status (expected 9-12% with diabetes [20]). Assuming that 90% of these were 

successfully followed up, I expected data on total TB patient costs to be available for 502 people with 

TB. This means that 10% were expected to have death due to TB, loss-to-follow-up during TB 

treatment or treatment failure. The 90% retention rate was estimated from the treatment success 

rate for DS-TB (91% in 2016) in the Philippines. A sample size of 60 people with TB and diabetes and 

120 people with TB only was powered at 90% to detect a minimum effect size of a 17% increase in 

total costs as a proportion of household income between TB-diabetes vs TB-non-diabetes. This 

assumed a mean of 18.5% of annual household income for non-diabetes TB from a study that assessed 

costs of people with diabetes and their households in Thailand [21,22].   
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CHAPTER 4. HEALTH SYSTEM COST OF OUTPATIENT CARE FOR 

DIABETES IN PEOPLE WITH TUBERCULOSIS: ESTIMATES FROM THE 

PHILIPPINES 

4.1 Preamble 

This research paper presented the costs of providing integrated diabetes outpatient services within 

the TB programme, from the provider perspective. Both costs and cost-effectiveness of providing 

diabetes services for people with TB were identified as a gap in WHO guidance development group 

for managing TB and diabetes. At the time this paper was written, there were no comprehensive 

evidence on the costs of diabetes services for people with TB, which can be used for the cost 

effectiveness analysis of providing diabetes services for people with TB. The aim of this analysis was 

to assess the costs of providing diabetes outpatient services such as diabetes screening and 

diagnostics and the subsequent routine diabetes management that can be integrated into TB services 

in order to inform policymakers of the health system costs of implementing TB and diabetes service 

integration. 

 

This study was conducted as a cross-sectional study in 11 health facilities that provide diabetes 

outpatient services in Negros Occidental, the Philippines. We enrolled a total of 60 health 

professionals who provide diabetes care, and we sought to conduct five to six interviews with key 

informants including one medical doctor, two nurses or midwives, one laboratory technician and one 

staff member in charge of procurement and/or finance at each site. In order to assess the cost of 

diabetes outpatient services, the WHO ‘‘Costing Guidelines for Tuberculosis Interventions’’ was 

adapted. The bottom-up approach was adopted to collect unit cost of diabetes drugs, consumables 

and equipment using a semi-structured interview guide. For staff time, both the bottom-up and top-

down approaches were adopted using semi-structured interviews and staff timesheets. The data 

collection was conducted between October 2021 and June 2022. 

 

We found that risk assessment, screening and diagnosis with fasting blood glucose (FBS) or random 

plasma glucose (RPG), drug prescription, consultation visits and referral services to other facilities for 

diagnostics and complications were the most common practices in outpatient diabetes services. 

Screening with the HbA1c test and diagnosis with oral glucose tolerance test (OGTT) were only 

provided in one private hospital. The cost per case detected with different diagnostic algorithms 

ranged from USD 17.43 (RPG+FBS) to USD 25.41 (HbA1c+FBS). The total monthly costs per patient 

were estimated at USD 8.95 (medicines and drug prescription only) to USD 12.36 (medicines, drug 
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prescription, monitoring and consultation visits). The results of this paper contributed to fill the 

evidence gap identified in the stakeholder consultation for WHO operational handbook tuberculosis 

module 6: Tuberculosis and Diabetes. 

 

This research paper was published in IJTLD Open in March 2024 and the paper was reproduced in this 

chapter with minor revisions of figure and table structures from the published manuscript, but without 

any changes results. Additional information section (section 4.9) was included to provide clarifications 

of methods, results and discussions for the purpose of the thesis development. 
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4.3 Abstract 

Background 

Diabetes is a known risk factor for active TB. A key activity in the Philippines is to integrate TB services 

with other disease programmes, with a target of diabetes screening in 90% of TB cases. However, 

costs of providing diabetes outpatient services for TB patients are not well known.  

 

Methods 

We estimated the costs of providing integrated diabetes outpatient services within TB services, from 

the health system perspective. Resources for outpatient diabetes services were valued using the 

bottom-up approach for capital goods, staff time and consumables. Resource quantities were 

obtained by interviewing 60 healthcare professionals in 11 health facilities in the Philippines.  

 

Results 

Mean cost per service ranged from USD 0.53 for diabetes risk assessment to USD 23.72 for oral glucose 

tolerance test. The cost per case detected for different algorithms varied from USD 17.43 to USD 

80.81. The monthly cost per patient was estimated at USD 8.95 to USD 12.36. 

 

Conclusion 

Our study provides the first estimates of costs for providing diabetes outpatient services in a low- and 

middle-income country integrated into TB care. The costs of diabetes detection in TB patients suggests 

that it may be useful to further investigate the cost-effectiveness and affordability of service delivery. 
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4.4 IntroducƟon 

Diabetes causes a substantial financial burden for patients, their households and health systems as 

well as disabilities and mortality [1-3]. Diabetes is known to increase the risk of progressing to active 

TB disease [4-6]. The Philippines has a high TB incidence occurring with comorbid diabetes [7]. 

Estimated TB incidence in the Philippines was 638 per 100,000, and 22,000 adult TB incident cases 

were attributable to diabetes in 2022 [8]. Diabetes not only increases the risk of developing TB but 

also has adverse effects on TB treatment outcomes particularly if diabetes is not properly managed 

[4-6]. Increasing early diagnosis and improving management of diabetes may accelerate the decline 

of TB incidence and unfavourable treatment outcomes thus contributing to ongoing transmission 

[4,6,9]. Considering the disease burden of TB comorbid with diabetes, WHO published a guideline to 

develop and implement collaborative actions aimed at reducing the double burden of TB and diabetes. 

The guideline included bi-directional screening of TB in people with diabetes and of diabetes in TB 

patients [10]. Despite increased political and public health awareness of diabetes management within 

TB services, there is a lack of evidence to promote policy for TB patients with comorbid diabetes. In 

the Philippines, the current TB national strategic plan includes integrating TB with other health 

programs including non-communicable diseases as a key activity, targeting 90% of TB cases to be 

screened for diabetes by 2022 [11,12]. This requires further understanding of the cost of providing 

diabetes screening and diagnostic services for TB patients and the subsequent costs to provide routine 

diabetes services such as for drug prescriptions, and regular monitoring for blood sugar level. 

 

There is a recent systematic review for diabetes provider costs that included 52 publications and 

investigated costs per outpatient visit and annual inpatient, laboratory, and drug costs [13-17]. None 

of these studies assessed costs of diabetes services for TB patients. In the Philippines, only one study 

assessed provider costs and availability of diabetes services. However, the study is outdated and only 

assessed unit cost for diabetes medications [18]. Other cost categories such as for screening, human 

resources and equipment costs have not yet been investigated. Therefore, this study aimed to assess 

the costs of providing diabetes outpatient services that can be integrated into TB services. 
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4.5 Methods 

Scope, study sites, timing and population 

We estimated the provider costs for delivering 11 services as part of an algorithm integrating diabetes 

services into TB services from the health system perspective, including risk assessment, screening and 

diagnosis, drug prescription, consultation. Unit costs of diabetes services were estimated using data 

collected from sites not currently integrating services but providing both services. We estimated unit 

costs excluding overhead and start-up costs. A cross-sectional study was conducted in health facilities 

that provide diabetes outpatient services in Negros Occidental, the Philippines. Health professionals 

who provide diabetes care were identified in each study site, and we sought to conduct five to six 

interviews with key informants including one medical doctor, two nurses or midwives, one laboratory 

technician and one staff in charge of procurement and/or finance in each site. A total of 60 

respondents were purposively selected and enrolled in our study. Our study was a nested study within 

an on-going cohort study assessing effects of malnutrition on TB treatment outcomes in Manila, 

Negros Occidental and Cebu in the Philippines and the study sites of our nested study were selected 

from the main cohort study [19,20]. Other study sites in Manila and Cebu were not included in our 

study due to difficulties to commence data collections during COVID-19 disruptions. Data collections 

were conducted between October 2021 and June 2022, and all the data were collected retrospectively 

for 2021. 

 

Health system of TB and diabetes services in the Philippines 

In the Philippines, costs for diabetes diagnosis and management are not fully covered by national 

insurance, the NTP or the non-communicable disease control programme, but direct medical costs for 

TB treatment and diagnosis are covered [21,22]. Social support is provided by the NTP for people with 

drug-resistant TB (DR-TB) with the purpose of improving treatment adherence and includes food 

packages and transportation fees for visiting health facilities [23-25]. Furthermore, The Department 

of Social Welfare and Development (DSWD) of the Philippines has a nationwide conditional cash 

transfer (CCT) programme for households living in poverty, and as of 2016, the CCT programme 

covered 4.4 million households, equivalent to 20% of the total population [26]. 

The current situation for the provision of TB and diabetes services differs by area and the level of 

facility. No diabetes outpatient services, except for drug pick-up at community level, are integrated 

within the TB programme. We identified two different patterns for providing TB and diabetes services 

in our study sites in the Philippines. 

Pattern 1.  

Drug pick-up for TB & diabetes:  provided at the community level (barangay health centre (BHC)).  
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*BHC is classified as community level (Level 0 facility) for TB care in the Philippines [27].   

Diagnosis of and prescription for TB and diabetes: Not integrated. Provided at different levels 

of health facilities (diagnosis for TB is at city/rural health centres and diabetes is at district hospitals).  

*Urban/rural health centre including city health centre is classified as primary-care level (level 1 

facility), and district hospitals as primary-care level with specialized health services (level 2 facility) for 

TB care in the Philippines [27]. 

Diabetes screening and monitoring: 1st screening and regular monitoring by Point of Care (POC) HbA1c 

or fasting blood glucose are not provided in public health facilities, and therefore people living with 

diabetes have to visit private pharmacies. 

Pattern 2.  

Drug pick-up for TB & diabetes:  provided at the secondary health facility level (city or rural health 

unit). Some cities or rural health units do not allow TB medications to be provided at community level, 

and therefore, for TB drug pick-up, patients have to visit secondary health facility level where diabetes 

medications are also available. However, TB services and diabetes services are provided separately. 

Diagnosis of TB and diabetes: Not integrated. Provided at different levels of health facilities 

(diagnosis for TB is at city/rural health centres and diabetes is at district hospitals).  

Diabetes screening and monitoring: 1st screening and regular monitoring by Point of Care (POC) HbA1c 

or fasting blood glucose are not provided in public health facilities, and therefore people living with 

diabetes have to visit private pharmacies. 

 

Data collection 

The WHO ‘‘Costing Guidelines for Tuberculosis Interventions’’ was adapted for the data collection, 

analysis, and reporting to assess the cost of diabetes outpatient services in this study [28-31]. Data 

were collected using a combination of interviews, timesheets and the extraction of data from financial 

and administrative documents obtained from the finance and human resource departments in each 

health facility, and resource quantity data were obtained from interviews with healthcare 

professionals who performed for diabetes outpatient services. In addition, general information, such 

as facility size in square meters, catchment population and service utilisation, including number of 

outpatient visits, diabetes screening and diagnosis tests performed, and people on diabetes 

management, was also obtained from facility records. The bottom-up (BU) approach was adopted to 

collect unit cost of diabetes drugs, consumables and equipment using a semi-structured interview 

guide. For staff time, both the BU and top-down (TD) approaches were adopted using semi-structured 

interviews and staff timesheets. 
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Bottom-up (BU) costing is an approach to estimate costs that involves detailed assessment and/or 

measurement of all materials and resources being used for providing health care services. The BU 

approach captures all the inputs utilized and consumed for a specific health service, by interviews, 

observations and/or reviewing work records/logs, then multiplies these input quantities by the unit 

cost of each input. Conversely, the top-down (TD) approach starts from total health 

expenditures/budgets, and the costs are estimated by allocating the total expenditures based on the 

utilization of each heath service [31].  

  

Prior to interviews with healthcare professionals, we conducted an interview with the head of each 

health facility to obtain permission to conduct interviews and identify key informants who can provide 

necessary data and information on facility infrastructure, finance and human resources and types of 

diabetes outpatient services provided in the facility. Key informant interviews were performed to 

estimate resource utilization and time consumed in the previous month, and staff timesheets were 

used to determine time spent from self-reported working schedule in a week.  

 

Annual salaries for staffs were estimated from monthly salary and allowances per staff collected from 

records of human resources (Table 14). The value of the buildings in each study site was estimated 

using the size of the facility and the government official construction costs. Useful life of capital goods 

were 30 years for building and 5 years for equipment [32]. A five percent wastage rate was applied 

for medical consumables and drugs (Table 15). All the cost data were collected in Philippines Pesos 

(PHP) and converted to US Dollars (USD) using UN Operation Exchange Rate across the data collection 

period from October 2021 to June 2022 (1USD = 52.1 PHP). 

 

Table 14. Mean salary of healthcare workers involved in providing diabetes care in sampled facilities 

in the Philippines in 2022 USD (USD1 = PHP52.1) 

Title N* Annual salary 
    Mean SD 
Medical doctor 18 18,362 2,845 
Nurse 68 8,862 1,676 
Midwife 94 5,456 382 
Nursing assistant 2 3,754 N/A 
Medical technologist 24 5,989 2,351 
Pharmacist 1 7,512 N/A 
Laboratory aid 3 2,427 153 
Other (warehouse, inventory, 
purchasing) 9 3,514 1,065 

* N is the number of healthcare professionals providing diabetes services across 11 health facilities.  

USD: United States dollars, PHP: Philippine peso, SD: Standard deviation 
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Medical doctors or medical officers, nurses, midwives, and medical technologists were the healthcare 

professionals who most commonly provided diabetes outpatient services (Table 14). The mean 

estimated annual salary, including allowances, was USD 18,362 (SD 2,845) for medical doctors, USD 

8,862 (SD 1,676) for nurses, USD 5,456 (SD 382) for midwives, and USD 5,989 (SD 2,351) for medical 

technologists. In three facilities, there were also auxiliary and administrative staff including nursing 

assistants (USD 3,754), pharmacists (USD 7,512), laboratory aids (USD 2,427), and 

procurement/inventory staff (USD 3,514). 

 

Table 15. Price sources and methods for estimating unit costs by input 

Cost type 

Assumed 
useful life 
(years) Price source Allocation method 

Key 
assumptions 

Buildings 30 

Facility documents, 
government construction 
costs 

Service statistics (outpatient 
visits)  

Medical 
equipment 5 

Facility procurement 
price 

Service statistics (outpatient 
visits)  

Other 
equipment, 
furniture 5 

Facility procurement 
price 

Service statistics (outpatient 
visits)  

Clinical staff - 
Human resource 
documents Time sheet, interview  

Support staff - 
Human resource 
documents Time sheet, interview  

Medical supplies - 
Facility procurement 
price 

Service statistics (outpatient 
visits) 

Wastage 
assumed 5% 

Other supplies - 
Facility procurement 
price 

Service statistics (outpatient 
visits) 

Wastage 
assumed 5% 

Drugs - 
Facility procurement 
price 

Service statistics (outpatient 
visits)  

Maintenance -  Not included  
Utilities -  Not included  
Transport -  Not included  
Food -  Not included  
Training -   Not included   

 

Data analysis 

Collected data were entered, checked for reasonableness and cleaned using Microsoft Excel for each 

study site, and then merged and imported into R Statistical Software (v4.2.0) for further analysis. Costs 

were calculated separately for consumables, drugs, equipment, building, and staff for each diabetes 

service, and then combined to estimate the unit cost per diabetes services. Mean and standard 

deviation (SD) were used to summarize the unit cost per diabetes service. Results with median and 

interquartile range were summarized in supplementary information. 
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Cost per diabetes case detected among TB patients was calculated as the total costs of diabetes 

screening and diagnosis for a specified population using a particular screening and diagnostic 

algorithm divided by the total number of cases identified [33]. The screening and diagnostic testing 

approaches and algorithms available in each study site were obtained from interviews with nurses 

and laboratory technicians providing those services at the respective facilities. The cost per diabetes 

case detected was then estimated for five different algorithms with combination of glycated 

haemoglobin (HbA1c) test, Random Plasma Glucose (RPG), Fasting Blood Sugar (FBS) and Oral Glucose 

Tolerance Test (OGTT). This included the diagnostic algorithms comprised of 1 stage (confirmatory 

test) or 2 stages (screening test and confirmatory test). Furthermore, results were stratified by all age 

group and age group >45 years as a high-risk population having diabetes [34]. 

 

Since there were no integrated diabetes services for TB patients in our study sites, the proportion of 

TB patients who tested positive for diabetes screening and confirmatory tests were extracted from 

the main cohort study (Table 16) [19,20]. The participants of the main study were initially screened 

for diabetes using either HbA1c or RPG; those with an HbA1c>5.7% or RPG>11.1 mmol/L, OGTT was 

provided as a confirmatory test for diabetes. The sensitivity and specificity of each test and the 

estimated prevalence of diabetes were taken from available literature as assumptions for calculating 

the positive predictive values of each test (Table 16, Table 17) [35-39]. 

 

Table 16. Assumptions used for estimating cost per case detected 

Test 
% exceeded cut-
off 

Prevalence of 
diabetes Sensitivity Specificity 

Positive predictive 
value 

All age Age > 45 All age Age > 45 All age Age > 45 
HbA1c > 5.7% 47.5% 59.8% 22.6% 32.0% 92.3% 48.5% 34.4% 45.8% 
RPG > 7.8mmol/l 47.5%1 59.8%1 22.6% 32.0% 93.0% 59.0% 39.8% 51.6% 
OGTT for those with HbA1c > 
5.7% or RPG > 7.8mmol/l 39.0% 48.6% 

22.6% 32.0% 
100.0% 100.0% 

100.0% 100.0% 

FBS for those with HbA1c > 
5.7% or RPG > 7.8mmol/l 39.0%1 48.6%1 

22.6% 32.0% 
56.0% 97.9% 

88.6% 92.6% 

 1 Since there are no available data of positivity rate with RPG > 7.8 mmol/l and FBS > 7.0 mmol/l in TB patients in the Philippines, the proportion with HbA1c > 

5.7% and diagnosed as diabetes with OGTT in the main study was used for that of RPG > 7.8 mmol/l and FBS > 7.0 mmol/l respectively. 

FBS: Fasting blood glucose, HbA1c: Glycated haemoglobin, OGTT: Oral glucose tolerance test, RPG: Random plasma glucose, mmol/l: millimoles per litre 
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Table 17. Number of people screened, and cases detected based on the assumptions 

Group Algorithm Number 
screened 

Case 
detected Stage 1 Stage 2 

All age group 

HbA1c > 5.7% - 100,000 16,318 
RPG2 > 7.8mmol/l OGTT 100,000 18,003 
RPG2 > 7.8mmol/l FBS1 > 7.0mmol/l 100,000 12,077 
HbA1c > 5.7% OGTT 100,000 18,003 
HbA1c > 5.7% FBS1 > 7.0mmol/l 100,000 12,077 

Age > 45 

HbA1c > 5.7% - 100,000 18,901 
RPG2 > 7.8mmol/l OGTT 100,000 29,063 
RPG2 > 7.8mmol/l FBS1 > 7.0mmol/l 100,000 25,373 
HbA1c > 5.7% OGTT 100,000 29,063 
HbA1c > 5.7% FBS1 > 7.0mmol/l 100,000 25,373 

FBS: Fasting blood glucose, HbA1c: Glycated haemoglobin, OGTT: Oral glucose tolerance test, RPG: Random plasma glucose, mmol/l: millimoles per litre 

 

The monthly cost of treating each patient was estimated using the cost data of diabetes outpatient 

services that are periodically performed for people with diabetes.  

 

Ethics considerations 

The Asian Eye Institute Ethics Review Committee reviewed and provided the Philippines national 

ethics approval (2021-010). Approvals were also obtained from London School of Hygiene and Tropical 

Medicine (25149) and Nagasaki University (NU_TMGH_2021_153_1). A written consent form was 

obtained from all participants before the commencement of the interview. The informed consent 

signed by all participants explicitly stated that only the principal investigators can access the study 

dataset. 
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4.6 Results 

Facility characteristics 

The total number of outpatient visits at the 11 study sites ranged from 1,376 to 4,782 in 2021, and of 

these, outpatient visits for diabetes services accounted for 3% to 13% of total outpatient visits (Table 

18). 

 

Table 18. Characteristics and outpatient visits at 11 sampled health facilities in Negros Occidental, 

the Philippines 

Facility 
Facility 
level Ownership Locality 

Total 
outpatient 
visits (2021) 

Outpatient 
visits for 
diabetes 
(2021) 

Outpatient 
visits for TB 
(2021) 

Diabetes 
diagnostic 
algorithms 

Bacolod 
Health Centre 

Health 
centre Government Rural 4,383 436 1,864 

RPG+FBS 

Bago Health 
Centre 

Health 
centre Government Rural 3,184 274 1,263 

RPG+FBS 

Bago Hospital 
Primary 
hospital Government Rural 1,609 N/A N/A 

RPG+FBS 

Don Salvador 
Rural Health 
Unit 

Health 
centre Government Rural 1,376 86 358 

RPG+FBS 

Dr. Pablo O. 
Torre 
Memorial 
Hospital 

Tertiary 
hospital Private Rural 3,187 93 257 

HbA1c, 
HbA1c+OGTT, 
HbA1c+FBS 

EB Magalona 
Rural Health 
Unit 

Health 
centre Government Rural 4,782 425 2,370 

RPG+FBS 

La Carlota 
Health Centre 

Health 
centre Government Rural 2,333 180 1,021 

RPG+FBS 

Pontevedra 
Rural Health 
Unit 

Health 
centre Government Rural 4,431 N/A 2,319 

RPG+FBS 

San Enrique 
Rural Health 
Unit 

Health 
centre Government Rural 2,803 210 1,248 

RPG+FBS 

Silay City 
Health Office 

Health 
centre Government Rural 3,621 176 1,620 

RPG+FBS 

Valladolid 
Health Centre 

Health 
centre Government Rural 1,857 243 580 

RPG+FBS 

FBS: Fasting blood glucose, HbA1c: Glycated haemoglobin, OGTT: Oral glucose tolerance test, RPG: Random plasma glucose, 

N/A: Not available 

 

Unit cost for diabetes care 

Risk assessment, screening and diagnosis with FBS or RPG, drug prescription, consultation visits and 

referral services to other facilities for diagnostics and complications were the most commonly 

provided outpatient services during diabetes visits. Screening with the HbA1c test and diagnosis with 
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OGTT were only provided in one private hospital. OGTT had the highest cost per patient at USD 23.72, 

while costs for risk assessment were only USD 0.53 (SD 0.20) (Table 19). Diabetes outpatient screening 

and monitoring were provided predominantly with FBS or RPG. Screening and diagnosis by FBS with 

chemistry analyser had a higher cost at USD 2.99 (SD 0.75) compared to that with glucometer (USD 

1.67, SD 0.83). Using the proportion of people taking each type of diabetes medicine in each facility, 

the weighted mean monthly drug cost per patient was estimated at USD 7.67 per month. Staff was 

the main cost driver for diabetes outpatient visits where testing was not done in a laboratory (i.e., 

consultation visits, drug prescriptions, risk assessments), ranging from 70% to 92%. Consumables were 

the main driver for screening and diagnosis services, ranging from 52% to 90% (Figure 15). 

 

Table 19. Unit costs for diabetes interventions in sampled facilities 

Intervention n 

 Cost breakdown by input 
type   Cost per patient  

Consumable  
 
Staff  

 
Capital   Mean   SD  

Risk assessment 10 0.10 0.37 0.06 0.53 0.20 

Screening and 
monitoring 

FBS Glucometer 10 1.24 0.37 0.05 1.67 0.83  
RPG Glucometer 11 1.00 0.28 0.04 1.32 0.65  
HbA1c 1 2.61 0.27 0.03 2.91 N/A 

Diagnosis/confirmation 
FBS 

Chemistry 
analyser 9 1.56 1.08 0.34 2.99 0.75 

RPG 
Chemistry 
analyser 1 2.26 0.79 0.23 3.28 N/A  

OGTT 1 19.63 3.57 0.51 23.72 N/A 
Drug prescription 11 0.09 1.15 0.05 1.29 0.43 
Consultation visits 11 0.09 1.73 0.08 1.89 0.84 

Referral service 
General 10 0.08 0.64 0.06 0.78 0.39 
Complication 10 0.10 1.44 0.06 1.60 0.67 

* N is the number of health facilities providing each type of diabetes outpatient services. 

FBS: Fasting blood glucose, HbA1c: Glycated haemoglobin, OGTT: Oral glucose tolerance test, RPG: Random plasma glucose, 

USD: United States Dollar, PHP: Philippine Peso, SD: standard deviation, N/A: Not applicable 
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Figure 15. Cost drivers for providing diabetes outpatient services 

 

 

*Proportions are based on the mean unit cost per diabetes outpatient service 

FBS: Fasting blood glucose, HbA1c: Glycated haemoglobin, OGTT: Oral glucose tolerance test, RPG: Random plasma glucose 

 

Cost per diabetes case detected in TB patients 

Amongst the five diagnostic algorithms, one consisted of only a screening blood test, while the 

remaining four algorithms consisted of a screening blood test and a confirmatory blood test. The 

diagnostic algorithms with the lowest cost per case detected were a) HbA1c, b) screening by RPG and 

diagnosing by FBS, or c) screening by HbA1c and diagnosing by FBS (Table 20).  

 

The cost per case detected for these three algorithms ranged from USD 17.43 (RPG+FBS) to USD 25.41 

(HbA1c+FBS). When the target population is limited to people aged 45 years and over, the cost was 

lowered to USD 11.73 (RPG+FBS) to USD 16.17 (HbA1c+FBS) per case detected. 
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Table 20. Estimated cost per case detected for diabetes among TB patients 

Group 

 Algorithm  Cost per case detected   
# 

Stage 1 Stage 2 
 Mean   SD   Median  

 
Interquartile 
range   

All age 
group 

I HbA1c > 5.7% - 17.80 N/A 17.80 N/A  
II RPG2 > 7.8mmol/l OGTT 80.81 N/A 80.81 N/A  
III 

RPG2 > 7.8mmol/l 
FBS1 > 
7.0mmol/l 17.43 5.30 15.06 13.59-22.89  

IV HbA1c > 5.7% OGTT 78.72 N/A 78.72 N/A  
V 

HbA1c > 5.7% 
FBS1 > 
7.0mmol/l 25.41 N/A 25.41 N/A  

Age > 40 

I HbA1c > 5.7% - 10.62 N/A 10.62 N/A  
II RPG2 > 7.8mmol/l OGTT 60.09 N/A 60.09 N/A  
III 

RPG2 > 7.8mmol/l 
FBS1 > 
7.0mmol/l 11.73 3.46 10.19 9.35-15.23  

IV HbA1c > 5.7% OGTT 58.80 N/A 58.80 N/A  
V 

HbA1c > 5.7% 
FBS1 > 
7.0mmol/l 16.17 N/A 16.17 N/A  

 1 testing cost with chemistry analyser was used for the estimation of cost per case detected. 

2 screening cost with glucometer was used for the estimation of cost per case detected. 

FBS: Fasting blood glucose, HbA1c: Glycated haemoglobin, OGTT: Oral glucose tolerance test, RPG: Random plasma glucose, 

SD: Standard deviation USD: United States Dollar, PHP: Philippine Peso, mmol/l: millimoles per litre, SD: standard deviation; 

N/A: not applicable 

 

Unit cost for diabetes drugs 

The levels of diabetes medicines prescribed varied considerably across our study sites. Among oral 

medicines, Metformin and Gliclazide were most prescribed. The mean monthly cost per patient for 

Metformin (500mg) was USD 2.11 (SD 0.75), and for Gliclazide, depending on the dose, the mean 

monthly cost per patient ranged from USD 2.92 (30mg) to USD 3.22 (80mg) (Table 21). 

For injectable drugs, the brand available and its cost also varied by health facility. The mean monthly 

cost per patient ranged from USD 13.58 to USD 43.01. Biphasic Isophane Human Insulin was most 

prescribed, and the mean monthly cost per patient was USD 29.45 (SD 6.34). 
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Table 21. Mean unit costs for diabetes drugs in sampled facilities in 2022 USD (USD1 = PHP52.1) 

Type  n 

 Monthly cost per 
patient  

Proportion of 
patients 
taking drugs 

 Monthly cost per patient  

 Mean   SD   Median  
Interquartile 
range 

Oral medicine             
Metformin (500 mg) 11 2.11 0.75 95.6% 2.24 1.86-2.52 
Metformin HCL + Gliclazide (500mg / 

80 mg) 1 10.08 N/A 0.1% 10.08 N/A 
Dapagliflozin/Metformin HCL 10/1000 

mg 1 36.99 N/A 5.3% 36.99 N/A 
Metformin-sitagliptin 100/1mg 1 39.38 N/A 1.8% 39.38 N/A 
Gliclazide (80mg) 3 3.22 1.50 2.1% 3.94 1.13-4.6 
Gliclazide (60mg) 2 2.80 0.84 0.4% 2.80 N/A 
Gliclazide (30mg) 5 2.92 1.36 8.4% 2.05 1.8-4.49 
Glimepiride 4mg 1 10.80 N/A 8.0% 10.80 N/A 
Glimepiride 3mg 1 6.30 N/A 0.1% 6.30 N/A 
Glimepiride 2mg 5 7.99 0.48 3.7% 8.19 7.5-8.38 

Injectable medicine       
Biphasic Isophane Human Insulin 

(Insuget 70/30) 7 29.45 6.34 2.2% 27.60 24.87-35.28 
Scilin N 100IU/ml 2 32.00 11.00 0.1% 32.00 N/A 
Scilin M30 70/30 1 43.01 N/A 1.4% 43.01 N/A 
Regular Insulin Human u-100 1 33.52 N/A 0.1% 33.52 N/A 
Humulin 70/30 2 13.58 9.62 0.3% 19.74 N/A 
Humulin I 100 IU/ml 4 15.75 7.92 0.4% 19.74 9.14-20.37 

* N is the number of health facilities providing each type of diabetes medicine. 

HCL: Hydrochloride, SD: Standard deviation, USD: United States Dollar, PHP: Philippine Peso, SD: standard deviation, IU/ml: 

International units per millilitre, mg: milligram, N/A: Not applicable 

 

Monthly costs per outpatient 

The total monthly costs per patient were estimated at USD 8.95 (medicines and drug prescription only) 

to USD 12.36 (medicines, drug prescription, monitoring and consultation visits) (Table 22). 

 

Table 22.  Estimated monthly costs per patient (N=11) 

Monthly services Mean SD Median 
Interquartile 
range 

Diabetes 
medicine 

Drug 
prescription - - 8.95 0.43 8.79 8.71-9.39 

Diabetes 
medicine 

Drug 
prescription 

Monitoring by RPG 
(glucometer) - 10.28 0.84 10.14 9.67-10.99 

Diabetes 
medicine 

Drug 
prescription 

Monitoring by FBS 
(glucometer) - 10.47 1.12 10.22 9.67-11.77 

Diabetes 
medicine 

Drug 
prescription 

Monitoring by RPG 
(glucometer) Consultation 12.17 1.37 11.46 11.12-12.74 

Diabetes 
medicine 

Drug 
prescription 

Monitoring by FBS 
(glucometer) Consultation 12.36 1.63 11.46 10.99-14.29 

FBS: Fasting blood glucose, RPG: Random plasma glucose, USD: United States Dollar, PHP: Philippine Peso, SD: Standard 

deviation 
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4.7 Discussion 

The aim of our study was to estimate the cost per diabetes case detected in TB patients in a low- and 

middle-income country: the Philippines. The cost per case detected with feasible and affordable 

algorithms (that is, using HbA1c, RPG and/or FBS) ranged from USD 17.43 to USD 25.41. The monthly 

outpatient cost per patient for diabetes drugs and outpatient services was estimated at USD 8.95 to 

USD 12.36. We provided the most recent evidence on costs of providing diabetes outpatient services 

and the cost per diabetes case detected amongst TB patients in the Philippines. Our results will help 

with planning, budgeting and assessing the cost-effectiveness of providing integrated diabetes 

outpatient care within the TB programme. 

 

A recent systematic review showed that costs of diabetes outpatient services from the health system 

perspective, which were assessed using the same BU approach as our study, ranged from USD 4-5 

(Thailand, Brazil) to USD 22 (Argentina) per outpatient visit, USD 5 (Iran) to USD 152 (Argentina) for 

annual laboratory costs, and USD 26 (Thailand) to USD 91 (Brazil) for drugs annually [13-17]. Results 

of our study for outpatient visits and drugs were also in this range. In our study, unit cost per diabetes 

outpatient service ranged from USD 0.53 for risk assessment to USD 23.72 for diagnosis with OGTT. 

Monthly drug cost per patient varied from USD 2.11 to USD 43.01.  

 

In a previous study that assessed costs of diabetes medicine in the Philippines in 2009, the monthly 

costs of oral and injectable medicines per patient was estimated at USD 16 while it was USD 7.67 in 

our study [18]. The difference in the cost estimates could be due to the difference in study design and 

population. The previous study had interviews with people with diabetes and healthcare professionals 

in 30 hospitals across the capital city and four provinces. The study assessed costs of purchasing 

diabetes drugs from patient perspective and included private practitioners (e.g. private pharmacies). 

Therefore, the costs might have been overestimated due to the selling price or the price difference 

between public and private service providers. 

 

Representativeness of our analysis 

The subnational disease burden data for TB has not been fully assessed or understood in the 

Philippines. The latest TB prevalence survey was conducted in 2016, and the survey assessed TB 

prevalence at subnational level, by allocating 17 regions into four strata. The prevalence with 

bacteriologically confirmed TB was 1,159 (95% CI: 1.016-1,301) per 100,000 population, and it ranged 

at subnational level from 856 (95% CI: 686-1,026) in stratum 4 (Mindanao) to 1,358 (95% CI: 1,103-

1,612) in stratum 1 (Metro Manila) per 100,000 population. The prevalence in stratum 2, which 
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includes Negros Occidental Region where our study was conducted, was 1,234 (95% CI: 873-1,594) 

per 100,000 population [40], which is not significantly different from the national prevalence of TB. 

The availability of the prevalence of diabetes among TB patients at subnational level is very limited in 

the Philippines, and only one study assessed the prevalence of comorbidities including diabetes 

among TB patients at TB diagnosis [20]. The study assessed the prevalence of diabetes among TB 

patients in three different areas of the Philippines (i.e. Metro Manila, Negros Occidental, and Cebu). 

The study showed that the overall prevalence of diabetes was 22.6% (N=881). Although Negros 

Occidental, where our study was conducted, had a high prevalence point estimate (25.5%) compared 

to the other two areas (20.1% and 20.9%), the study did not find a statistical significance (p=0.24). The 

overall prevalence (22.6%) was used for the analysis of cost per case detected in our analysis. 

As a sensitivity analysis, we assessed the range of cost per case detected when the prevalence of 

diabetes ranged from 20.1% to 25.5% for the algorithm with RPG (screening) + FBS (diagnosis). The 

cost per case ranged from USD 17.14 to USD 17.75 for all age group. 

 

Our study has several limitations. First, the study was conducted in purposively selected public health 

facilities in one region in the Philippines, and therefore only represent settings in the public sector in 

rural areas in the Philippines. Second, the study did not include cost components such as overhead 

costs and training costs. In the VALUE-TB study in the Philippines, which assessed provider costs for 

TB services, overhead cost was one of main contributors to TB services. The proportion of overheads 

costs was 40-50% of the cost of outpatient screening, monitoring, diagnostic and treatment visits [28]. 

Therefore, estimated costs for diabetes services could also be higher when overhead costs are 

included. Third, data on the proportion of suspected diabetes and that of confirmed diabetes in TB 

patients were only available by HbA1c at 5.7% (screening) and OGTT (diagnosis) provided in the main 

study. Therefore, our study had to assume the proportion of population screened as suspected 

diabetes with RPG (>7.8mmol/l) and FBS (>7.0mmol/l) in TB patients using the values from HbA1c 

(>5.7%) and OGTT. Also, although diabetes risk assessment by scoring before blood tests is in practice 

in the Philippines, the risk assessment data for TB patients was not available and therefore we were 

unable to include diabetes risk assessment in the estimation of cost per diabetes case detected in TB 

patients. Fourth, the scope of this study was to estimate the provider costs for diabetes outpatient 

services that can be integrated into TB care. For those applying our results it is important to note that 

we did not look at costs of managing diabetes in the longer term (e.g. for diabetes related 

complications, or inpatient care), nor costs from the patient perspective [41], which both need to be 

considered when assessing affordability or cost-effectiveness. 
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4.8 Conclusion 

Our study provided the most recent cost of providing diabetes outpatient services for TB patients. The 

results will help with planning, budgeting and assessing the cost-effectiveness of providing integrated 

diabetes outpatient care within the TB programme. Further studies are required to obtain more robust 

evidence around diabetes screening and diagnosis in TB patients, and to understand the costs of 

providing diabetes inpatient services and costs from the patient perspective. 

 

4.9 AddiƟonal informaƟon 

Cost per case detected for diabetes among TB patients 

The algorithms in Table 20 and the cost estimates are based on the availability of testing equipment 

in each study site, and therefore, for the algorithms with HbA1c, SDs are N/A as only one study site 

provided testing with HbA1c. The results by mean and by median are similar as the algorithms with 

HbA1c (and OGTT) were provided in only one study site. 
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CHAPTER 5. COST-EFFECTIVENESS OF DIABETES SCREENING AND 

DIAGNOSIS SERVICES FOR PEOPLE WITH TB IN THE PHILIPPINES 

5.1 Preamble 

This research paper assessed the cost-effectiveness of providing integrated diabetes outpatient 

services within the TB programme, from the provider perspective and the societal perspective. While 

the Philippines national strategic plan for TB control aimed at providing diabetes screening to 90% of 

TB cases, at the time of writing this paper, there was no evidence on the cost-effectiveness of 

providing diabetes services for people with TB.  

 

In this study, the intervention was defined as 90% of people newly diagnosed with TB with an unknown 

diabetes status receiving diabetes screening using the random plasma glucose (RPG) and diagnosis 

using the fasting blood sugar (FBS) tests. Health outcomes (DALYs averted) and costs were compared 

with a scenario providing TB treatment only (baseline scenario). A decision tree was developed to 

estimate the incremental cost-effectiveness of providing diabetes screening and diagnosis at the time 

of TB diagnosis in the Philippines. The probabilities used in the decision tree were extracted from a  

cohort study (St-Att study, the main study) that assessed the effects of malnutrition and diabetes on 

TB treatment outcomes in the Philippines. DALY weights for health states of TB and diabetes were 

extracted from the latest Global Burden of Disease study. Costs were estimated from the societal 

perspective, using the data of and patient costs of TB and diabetes (chapter 3) and provider costs of 

diabetes services (chapter 4) in the Philippines. Costs of TB services were extracted from the VALUE-

TB study that assessed health system costs of TB interventions using a nationally representative 

sample of health facilities in the Philippines. The cost effectiveness of the intervention was assessed 

in five different target populations; people aged ≥18 years, aged >45 years, with BMI >18.5 kg/m2, 

with drug-resistant TB, and males aged ≥18 years. 

 

We found that the intervention is cost-saving from both provider and societal perspectives, saving 

USD 147 per person from the provider perspective and USD 187 per person from the societal 

perspective. The results of the cost-effectiveness were highly sensitive to the cost of diabetes 

complications in the population with unmanaged diabetes, time (years) to developing diabetes-

related complications, and the proportion with diabetes-related complications in the population with 

unmanaged diabetes. At a willingness to pay threshold per DALY of 50% of GDP per capita, the 

probability of the intervention being cost-effective was 99% both from the provider perspective and 

from the societal perspective in the target population of people aged ≥18 years. 
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The results of this paper will contribute to planning and budgeting of providing integrated diabetes 

outpatient care within the TB programme. 

 

This research paper was submitted to Diabetes Research and Clinical Practice in September 2024 and 

published in March 2025. The research paper was reproduced in this chapter with minor revisions of 

texts from the published manuscript for the purpose of the thesis development, but without any 

changes results. Additional information section (section 5.9) was included to provide additional 

sensitivity analysis. 

 

Citation 

Yamanaka T, Castro MC, Cox SE, Laurence YV, Vassall A. Cost-effectiveness of diabetes screening and 

diagnosis services for people with TB in the Philippines. Diabetes Res Clin Pract 2025;222:112085. DOI: 

10.1016/j.diabres.2025.112085. 

 

 

5.2 Research paper cover sheet 

The Research Paper Cover Sheet is enclosed on the following pages. 

  



 

151 
 

 



 

152 
 

 

 

  



 

153 
 

5.3 Abstract 

Aim: Tuberculosis (TB) remains a leading cause of death in low- and middle-income countries, and 

diabetes is a known risk factor for progression to active TB disease. While the Philippines national 

strategic plan for TB aims to screen 90% of TB cases for diabetes, the cost-effectiveness of screening 

is not well known. 

Methods: We constructed a decision tree model to assess the cost-effectiveness of providing diabetes 

testing for 90% of people with an unknown diabetes status at their TB diagnosis and subsequent 

routine diabetes care, compared to the scenario of providing TB treatment only. Cost-effectiveness of 

the intervention was assessed from the provider and societal perspectives.  

Results: The intervention was cost saving. At a willingness to pay threshold per disability-adjusted-

life-year of 50% of gross domestic product per capita, the probability of the intervention being cost 

saving was 99% from the provider and societal perspectives in people aged ≥18 years. The probability 

was highest in people with BMI >18.5kg/m2 and in those aged >45 years.  

Conclusion: Our findings suggest that providing diabetes care for people with TB will be cost saving, 

and the intervention is likely to be most cost saving in people with BMI >18.5kg/m2 or those aged >45 

years.   
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5.4 IntroducƟon 

Tuberculosis (TB) remains one of the major public health concerns globally. In many low- and middle-

income countries, TB has reached epidemic proportions, with a third of the world’s population being 

infected [1]. TB ranked second as cause of death from a single infectious agent after COVID-19 in 2022; 

a global estimate of 10.6 million people fell ill with TB and there were 1.3 million deaths due to TB [2]. 

Diabetes is a known risk factor for the progression of active TB disease and may increase the risk of 

poor TB treatment outcomes [3-5]. Diabetes not only increases the risk of developing TB but also has 

adverse effects on TB outcomes especially if diabetes is not well managed [4]. Therefore, increasing 

diagnosis and improving diabetes management may contribute to the decline of TB incidence, which 

suggests that diabetes may amplify TB transmission [6]. The estimated number of incident cases of TB 

attributable to diabetes globally was 0.37 million in 2022 [2].  

 

WHO has developed a new guidance on diabetes management for people with TB, and it was added 

to the operational handbook on tuberculosis: TB and comorbidities [7]. The current WHO guidance 

for managing comorbidities in people with TB recommends three different models of integrated care: 

stand-alone screening provided separately for TB and comorbidities, followed by referral for diagnosis 

and treatment (separate service delivery model); screening and diagnosis provided by service 

providers for TB and for comorbidities located in the same premises, followed by referral for 

treatment (co-located services model); and screening, diagnosis and treatment fully integrated and 

provided by a single service provider (one-stop-shop model) [7-9]. However, there are many evidence 

gaps identified in the guidance including optimal algorithms and timing for diabetes testing, and an 

association of early diabetes screening and case detection with improvement of TB treatment 

outcomes. The cost-effectiveness of providing diabetes screening in populations with a high 

prevalence of diabetes other than TB has been suggested as well as the cost-effectiveness of early 

screening and diagnosis of diabetes [10-12]. A systematic review concluded that diabetes screening in 

high-risk populations e.g. people aged 50 years or above or with a high BMI is cost-saving or cost-

effective [13]. However, little is known about the cost-effectiveness of early detection and 

management of diabetes in people with TB. 

 

In line with WHO guidance [14], the Philippines TB national strategic plan aims to screen 90% of TB 

cases for diabetes [15,16]. However, there is a lack of evidence to accelerate the implementation of 

the policy, specifically the cost-effectiveness of providing diabetes screening and diagnostic services 

for people with TB. Hence, to inform the Philippines National TB Control Programme (NTP) and policy 

makers around the need to implement diabetes screening for people with TB in the Philippines, this 
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study aimed to assess the cost-effectiveness of providing diabetes screening and diagnostic services 

for people with TB including the subsequent costs of routine diabetes services, namely diabetes 

medications, consultations with clinicians and regular blood sugar monitoring. 
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5.5 Methods 

Study setting 

The Philippines is classified as a high TB burden country both for drug susceptible TB (DS-TB) and 

multidrug-resistant TB (MDR-TB) [2]. WHO estimations of TB prevalence and incidence in the 

Philippines were 1,159 and 554 per 100,000 in 2016 (3rd highest incidence), and the number of 

rifampicin-resistant TB (RR-TB) cases was estimated as 20,000 persons [17,18]. The latest WHO 

estimate of TB incidence in the Philippines was 638 per 100,000 in 2022 [2], showing an increasing 

trend. The Philippines also has a high TB incidence occurring with comorbid diabetes [19], with 22,000 

adult TB incident cases attributable to diabetes in 2022 [2]. In the Philippines, costs for diabetes 

diagnosis and management are not fully covered by national insurance, the NTP or the non-

communicable disease control programme; only direct medical costs for TB diagnosis and treatment 

are covered [20,21]. 

 

Population, Interventions, Comparators and Timeframe 

We defined our intervention as ensuring that 90% of people diagnosed with TB with an unknown 

diabetes status receive diabetes screening using the random plasma glucose (RPG) and diagnosis using 

the fasting blood sugar (FBS) tests. People diagnosed with diabetes start diabetes management during 

their TB treatment. The proportion screened and diagnosed with diabetes and initiating diabetes 

management were detailed in Table 23. The difference in TB treatment outcomes by diabetes status 

at TB diagnosis was also considered in the model. For those who initiated diabetes treatment, we 

assumed that routine monthly monitoring and management with diabetes drugs, consultations and 

testing for blood sugar were provided. The costs of diabetes drugs were estimated based on weighting 

the proportion receiving oral medications (Metformin, Gliclazide etc) and injectables (Insulin) [22]. In 

the model, RPG was used for screen testing and for routine monitoring of diabetes status following 

the national guidelines and also due to the unavailability of OGTT and HbA1c tests in public health 

facilities especially at community and primary levels [22-24].  Health outcomes and costs were 

compared with the do-nothing scenario (baseline scenario). We conducted analysis for three health 

status (people without diabetes, with unmanaged diabetes and with managed diabetes) for their 

lifetime costs and health outcomes based on assumptions of life expectancy [25-29].  

 

Model structure 

A decision tree was developed to estimate the incremental cost-effectiveness of providing diabetes 

screening and diagnosis at the time of TB diagnosis in the Philippines (Figure 16). The decision tree 

simulated the progression of people diagnosed with TB who receive either screening and diagnosis 
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for diabetes (intervention scenario) or no diabetes screening (baseline scenario). In the baseline 

scenario, we assumed that only people with already known diabetes receive routine diabetes 

management. In the intervention scenario, diabetes screening with RPG is provided for 90% of those 

who do not know their diabetes status at their TB diagnosis. Then, those with suspected diabetes 

receive a diabetes confirmatory test using FBS. TB treatment is provided for all in both scenarios. For 

simplicity, we assumed no transition of TB- or diabetes-related health status after the completion of 

TB treatment (e.g. recurrence of TB, transition from non diabetes to unmanaged/managed diabetes, 

new initiation of diabetes management, dropout from diabetes management), given that models and 

data that incorporate TB and diabetes lifetime transitions are not yet fully understood and developed 

[30,31]. Outcomes in the decision tree were based on four treatment outcomes; success, loss-to-

follow-up (LTFU), failure, and death, with DALYs averted applied to each of these outcomes. 

 

Figure 16. Decision tree for diabetes screening and diagnosis for people with TB 

 

FBS: fasting blood glucose, LTFU: loss to follow up, RPG: random plasma glucose 

 

Model inputs 

The probabilities used in the decision tree were based on the results of an cohort study (the main 

study), which was conducted to measure the effects of malnutrition and diabetes on TB treatment 

outcomes in the Philippines, with a sub-study that estimated TB and diabetes costs [32-34]. The 

parameters used for this analysis were extracted from the main study and also from sub-studies that 
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were conducted within the main study and assessed the costs incurred by people with TB and diabetes 

and their households and the provider costs of diabetes outpatient services for people with TB [22,33]. 

Given that no national data is available on diabetes screening for people with TB at this time, the 

proportion of people with TB who tested positive for diabetes using screening and confirmatory tests 

was also obtained from the main study. The participants of the main study were initially screened for 

diabetes using either HbA1c or RPG. Those with an HbA1c >5.7% or RPG >11.1 mmol/L, were 

administered the Oral Glucose Tolerance Test (OGTT) as a diabetes confirmatory test. Since there are 

no available data for the positivity rate with RPG >7.8 mmol/l and FBS >7.0 mmol/l in people with TB, 

the proportion in the main study with HbA1c >5.7% and OGTT confirmed diabetes was used for that 

of RPG >7.8 mmol/l and FBS >7.0 mmol/l respectively, in our analysis. The probabilities of treatment 

outcomes were also extracted from the on-going cohort study, where it was possible to distinguish 

outcomes from those with TB only and those with TB-diabetes comorbidity. The national TB treatment 

success rate in the Philippines reported to WHO was 80% for new and relapse cases and 79% for 

multidrug-resistant and rifampicin-resistant TB cases in 2021 

(https://worldhealthorg.shinyapps.io/tb_profiles/), which was not markedly different from the results 

of the main study. 

 

For those who survived, age specific population life expectancies were used based on life expectancy 

in the general population in the Philippines and published data related to life expectancy of people 

with TB or diabetes in other countries [25-29]. DALY weights for health states of TB and diabetes were 

extracted from the latest Global Burden of Disease study [35]. Since DALYs for TB comorbid with 

diabetes were not available in the Global Burden of Disease study, it was calculated as a sum of DALYs 

for TB and for diabetes, given that the impact of not adjusting disability weights for comorbidities was 

minimal to small [36-38]. A DALY weight of 0.053 was used for post-TB after TB treatment success and 

applied for lifetime [37]. A discount rate of 3% per year was applied to estimate lifetime costs and 

DALYs. Disaggregated DALY weights by drug susceptibility (by DS-TB and DR-TB) were not available, 

and therefore, a DALY weight for TB was applied to any target populations including DR-TB population. 

 

Costs were estimated from the provider perspective and also from the societal perspective, using 

provider costs of TB and diabetes services and costs incurred by people with TB and diabetes and their 

households in the Philippines. The provider perspective assessed costs of providing TB and diabetes 

services (provider costs), while the societal perspective included costs incurred by people with TB and 

diabetes and their households (patient costs) on top of provider costs included in the provider 

perspective. Costs of TB services in the Philippines were extracted from the VALUE-TB study that 



 

159 
 

assessed health system costs of TB interventions using a nationally representative sample of health 

facilities in the Philippines [39,40]. Incremental costs of providing diabetes screening with RPG, 

diagnosis with FBS and diabetes management were extracted from a study that assessed health 

system costs of providing diabetes outpatient services for people with TB in the Philippines [22]. We 

assumed that diabetes medicines, consultations with clinicians and the monitoring of blood sugar level 

by RPG using a glucometer were required monthly for those who initiated diabetes management 

(monthly diabetes management costs), which ranged from USD 8.95 (diabetes medicines and 

prescriptions only) to USD 12.26 (diabetes medicines, prescriptions, monitoring of blood sugar level 

and consultation visits) per month in our analysis [22]. Since the study did not include overhead costs 

in the cost assessments, a mark-up was applied separately to the medications (0%), diabetes testing 

(37%) and consultations with clinicians (40%), based on the proportion of above service level costs 

estimated in the VALUE-TB study in the Philippines [39]. Costs incurred by people with TB and diabetes 

were extracted from a study that assessed the difference in costs incurred by people with TB comorbid 

with diabetes and by those with TB-only in the Philippines. In addition, for DR-TB, we considered a 

higher costs both from the provider and patient perspectives were considered, and in the cost 

estimates from the patient perspectives, received social protection mechanisms were included [33]. 

Furthermore, the incidence of diabetes-related complications and the provider costs for diabetes-

related complications were included in the lifetime model for the population with managed and 

unmanaged diabetes [41-45] (Table 23). Considering the cost differences between using RPG and 

HbA1c, a supplementary sensitivity analysis was conducted using costs of HbA1c for routine diabetes 

monitoring, instead of RPG (Additional information). 

 

Cost effectiveness analysis, uncertainty and sensitivity analysis 

The primary outcome of this analysis was the incremental cost-effectiveness ratio (ICER), which is 

reported as the incremental cost per DALY averted per person. The cost-effectiveness was assessed 

for five target populations i.e. people aged ≥18 years, aged >45 years, with BMI >18.5 kg/m2 with drug-

resistant TB and males aged ≥18 years. ICER as a primary outcome of the analysis was compared to a 

willingness to pay threshold (WTP) of 50% and 7.3% (which corresponds to the lower end of the 

country specific WTP) [46] of the gross domestic products (GDP) per capita to establish cost-

effectiveness. One way sensitivity analysis was performed on the model parameters. We also 

performed a probabilistic sensitivity analysis for all parameters over 1000 simulations. Parameter 

uncertainty was tested in a cost-effectiveness plane. To assess the proportion of simulations that 

would be cost-effective, cost-effectiveness acceptability curves were used with willingness to pay per 
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DALY averted. All the model development, data processing, deterministic and probabilistic sensitivity 

analyses, and data visualizations were performed using R4.4.1 [47]. 

 

 

Ethical considerations 

The Asian Eye Institute Ethics Review Committee (Makati City, The Philippines) reviewed and provided 

the Philippines national ethics approval: 2018-008 for a study that conducted diabetes testing and 

assessed the costs incurred by people with TB and diabetes, and 2021-010 for a study that collected 

provider costs of diabetes outpatient costs. Approvals were also obtained from the London School of 

Hygiene & Tropical Medicine, London, UK (#14894 and #25149) and Nagasaki University, Nagasaki, 

Japan [22,33,34]. All participants provided written informed consent before the commencement of 

the interview. The informed consent explicitly stated that only the principal investigators could access 

the study dataset, which was anonymised. 

Ethics clearance was not required for the TB provider cost data as the secondary dataset from the 

VALUE-TB project is publicly available, and the data were already anonymised, and no personal 

identifying information was accessed during the analysis. 

 

Role of the funding source  

The funder of this study had no role in the study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author has full access to all the data in the 

study and had final responsibility for the decision to submit for publication.  
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Table 23. Parameter values used in the model for providing diabetes screening and diagnosis for 

people with TB 

Parameters 
  

Distribution 
Best estimates 

SE, Range Ref people aged 
≥18 years 

people aged 
>45 years BMI >18.5 

Drug-
resistant 

Male aged 
≥18 years 

DALYs                 

Post TB Beta 0.053 0.053 0.053 0.053 0.053 0.010 [37] 

Active TB Beta 0.333 0.333 0.333 0.333 0.333 0.020 [35] 
Post TB with managed 

diabetes Beta 0.062 0.062 0.062 0.062 0.062 0.010 
Assumption 

based on [35,37] 
Active TB with managed 

diabetes Beta 0.342 0.342 0.342 0.342 0.342 0.020 
Assumption 

based on [35,37] 
Post TB with unmanaged 

diabetes Beta 0.239 0.239 0.239 0.239 0.239 0.020 
Assumption 

based on [35,37] 
Active TB with unmanaged 

diabetes Beta 0.519 0.519 0.519 0.519 0.519 0.030 
Assumption 

based on [35,37] 

Costs          

 Provider perspective          

Costs for TB treatment Gamma 135.50 135.50 135.50 1325.50 135.50 12.38 [22,33,39] 
Costs for TB treatment with 

diabetes management Gamma 296.20 296.20 296.20 1486.20 296.20 14.04 [22,33,39] 
Costs for diabetes 

management Gamma 160.70 160.70 160.70 160.70 160.70 7.56 [22,33,39] 
Costs for diabetes screening 

with RPG Gamma 1.85 1.85 1.85 1.85 1.85 1.17 [22] 
Costs for diabetes diagnosis 

with FBS Gamma 4.19 4.19 4.19 4.19 4.19 1.50 [22] 

 Societal perspective          

Costs for TB treatment Gamma 1052.80 1052.80 1052.80 2242.80 1052.80 31.99 [22,33,39] 
Costs for TB treatment with 

diabetes management (no 
integration) Gamma 1659.40 1659.40 1659.40 2664.10 1659.40 40.56 [22,33,39] 

Costs for TB treatment with 
diabetes management (with 
integration) Gamma 1213.50 1213.50 1213.50 2403.50 1213.50 34.52 [22,33,39] 

Costs for diabetes 
management Gamma 217.50 217.50 217.50 217.50 217.50 14.90 [22,33,39] 

Costs for diabetes screening 
with RPG Gamma 1.85 1.85 1.85 1.85 1.85 1.17 [22] 

Costs for diabetes diagnosis 
with FBS Gamma 4.19 4.19 4.19 4.19 4.19 1.50 [22] 
Diabetes complication-related 
parameters          

Costs of diabetes related 
complications in managed 
diabetes Norm 395.20 395.20 395.20 395.20 395.20 152.61 [41,45] 

Costs of diabetes related 
complications in unmanaged 
diabetes Norm 1908.70 1908.70 1908.70 1908.70 1908.70 262.33 [41,45] 

Incidence of complications in 
managed diabetes Norm 0.165 0.251 0.165 0.165 0.165 

0.139-
0.192, 
0.241-
0.261  [42,44] 

Incidence of complications in 
unmanaged diabetes Norm 0.380 0.578 0.380 0.380 0.380 

0.319-
0.441, 
0.555-
0.601  [42,44] 

Time (year) to incidence of 
complications Norm 4.62 3.85 4.62 4.62 4.62 

3.6-6.2, 
3.0-5.2 

Assumption 
based on [43] 

TB treatment outcomes*          

Success (non diabetes) Norm 0.788 0.796 0.809 0.724 0.788 0.050 Main study  
loss-to-follow-up (non 

diabetes) Norm 0.160 0.127 0.167 0.103 0.162 0.020 
Main study  

Failure (non diabetes) Norm 0.010 0.012 - 0.086 0.009 0.005 
Main study  

Success (managed diabetes) Norm 0.839 0.829 0.826 0.750 0.831 0.050 
Main study  

loss-to-follow-up (managed 
diabetes) Norm 0.149 0.158 0.174 0.250 0.169 0.020 

Main study  

Failure (managed diabetes) Norm - - - - - - 
Main study  

Success (unmanaged 
diabetes) Norm 0.787 0.803 0.745 0.600 0.762 0.050 

Main study  

loss-to-follow-up 
(unmanaged diabetes) Norm 0.135 0.121 0.164 0.133 0.159 0.020 

Main study  
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Failure (unmanaged 
diabetes) Norm 0.034 0.030 0.036 0.133 0.032 0.010 

Main study  

Transitions        
Main study  

% with known diabetes at TB 
diagnosis Norm 0.106 0.127 0.156 0.182 0.103 0.010 

Main study  

% with managed diabetes 
among known diabetes Norm 0.849 0.825 0.852 0.850 0.833 0.050 

Main study  

% diabetes not suspected 
with RPG Norm 0.451 0.459 0.526 0.455 0.518 0.020 

Main study  

% no diabetes confirmed 
with FBS Norm 0.610 0.377 0.571 0.600 0.600 0.030 

Main study  

% initiating diabetes 
management after FBS Norm 0.877 0.833 0.878 0.600 0.860 0.050 

Main study  

Life expectancy (years)          

Post TB Norm 26.8 21.4 26.8 26.8 26.8 
24.2-
29.4 

Assumption 
using [25-29] 

Active TB Norm 10.1 8.1 10.1 5.9 10.1 8.1-12.1 
Assumption 
using [25-29] 

Post TB with managed 
diabetes Norm 16.8 13.4 16.8 24.8 16.8 

13.5-
20.1 

Assumption 
using [25-29] 

Active TB with managed 
diabetes Norm 6.8 5.4 6.8 3.9 6.8 5.5-8.1 

Assumption 
using [25-29] 

Post TB with unmanaged 
diabetes Norm 21.8 17.4 21.8 19.8 21.8 

17.5-
26.1 

Assumption 
using [25-29] 

Active TB with unmanaged 
diabetes Norm 7.6 6.1 7.6 2.9 7.6 6.1-9.1 

Assumption 
using [25-29] 

*probability of death as a TB treatment outcome = 1-(success + Loss-to-follow-up + failure) 
BMI: body mass index, DALY: disability adjusted life years, FBS: fasting blood glucose, RPG: random plasma glucose, USD: US dollars   
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5.6 Results 

Deterministic model results 

In the baseline scenario (providing TB treatment without diabetes screening and diagnosis), the total 

lifetime cost of an episode of TB and diabetes per person was USD 928 from the provider perspective 

and USD 1885 from the societal perspective, with cumulative DALYs per person of 9.63. In the 

intervention scenario, where diabetes testing was provided for 90% of people with diabetes status 

unknown at TB diagnosis, the total lifetime cost per person was USD 781 from the provider perspective 

and USD 1698 from the societal perspective, with cumulative DALYs per person of 9.10 (Table 24), 

resulting in savings of USD 147 per person from the provider perspective and USD 187 per person 

from the societal perspective, showing that the intervention is cost saving from both perspectives. 

The estimated incremental number of TB treatment success and newly diagnosed diabetes cases were 

786 and 14,927 per 100,000 respectively in the intervention scenario. 

 

Table 24. Expected costs, days of life gained, and incremental cost effectiveness providing diabetes 

care for people with TB 

Scenario 

Incremental 
number of TB 
treatment 
success per 100 
000 

Incremental number 
of TB-diabetes with 
diabetes 
management per 
100 000 

Average 
costs 
per 
person  
(2022 
USD) 

Lifetime 
DALY 
per 
person 
(2022 
USD) 

DALY 
averted 
per 
person 

Incremental 
cost 
effective 
ratio 

Cost saving 
per person 
(2022 USD) 

Provider perspective          
Baseline scenario (TB 
treatment without 
diabetes 
screening/diagnosis)   928 9.63     
Provide diabetes care for 
90% of people with TB 
(diabetes status unknown) 786 14,927 781 9.10 0.53 Cost saving 147 

Societal perspective         
Baseline scenario (TB 
treatment without 
diabetes 
screening/diagnosis)   1,885 9.63     
Provide diabetes care for 
90% of people with TB 
(diabetes status unknown) 786 14,927 1,698 9.10 0.53 Cost saving 187 
 

DALY: disability adjusted life years, ICER: incremental cost effectiveness ratio, USD: US dollars 

 

One-way sensitivity analysis 

Variables that influenced the cost-effectiveness results using a one-way sensitivity analysis were the 

life expectancy of the population without diabetes, the cost of routine diabetes management, and 

discount rate for costs (Figure 17a). The extent of saving was highly sensitive to the cost of diabetes 
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complications in the population with unmanaged diabetes (saving from USD 26  to USD 267 per 

person), time (in years) to develop diabetes-related complications (saving USD -USD 13  to USD 232 

per person), and the proportion with diabetes-related complications in the population with 

unmanaged diabetes (saving from USD 75 to USD 219 per person). The results were also sensitive to 

life expectancy of the population with active TB treatment with managed diabetes (saving USD 43 to 

USD 256 per person) (Figure 17a). Consistent and more cost saving results were obtained from the 

societal perspective (Figure 17b). 
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Figure 17. One-way sensitivity analysis on cost-effectiveness of providing diabetes services for 

people with TB 

(a) Provider perspecƟve 

   

(b) Societal perspecƟve 

   

DALY: disability adjusted life years, FBS: fasting blood glucose, ICER: incremental cost effectiveness ratio, RG: 
random plasma glucose, USD: US dollars  
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Scenario analysis 

We conducted scenario analysis to assess the difference in the cost-effectiveness of the intervention 

in various target populations with TB. DALYs averted per person ranged from 0.413 (drug-resistant TB) 

to 0.679 (aged >45 years) (Table 25). Results of incremental costs per person showed the intervention 

being cost saving in any target population: saving USD 79 (drug-resistant TB) to USD 317 (aged >45 

years) per person from the provider perspective, and saving USD 119 (drug-resistant TB) to USD 364 

(aged >45 years) per person from the societal perspective. The most cost-effective approach was to 

provide the intervention to people aged >45 years, saving USD 317 per DALY averted from the provider 

perspective and USD 364 per DALY averted from the societal perspective, followed by people with 

BMI >18.5 kg/m2 (Table 25). 

 

Table 25. Incremental costs and DALYs averted per person and incremental cost effectiveness ratio 

Target population  
with TB 

Incremental number of 
TB treatment success per 
100 000 

Incremental number of TB-
diabetes with diabetes 
management per 100 000 

DALYs averted  
per person 

Incremental cost-
effective ratio 

Cost 
saving 
per 
person 
(2022 
USD) 

Provider perspective 

Aged ≥18 years 786 14,927 0.532 Cost saving 147 

Aged >45 years 573 21,760 0.679 Cost saving 317 

BMI >18.5 1,099 13,562 0.485 Cost saving 153 

Drug-resistant TB 1,444 9,629 0.413 Cost saving 79 

Male aged ≥18 years 924 13,386 0.478 Cost saving 145 

Societal perspective 

Aged ≥18 years 786 14,927 0.532 Cost saving 187 

Aged >45 years 573 21,760 0.679 Cost saving 364 

BMI >18.5 1,099 13,562 0.485 Cost saving 212 

Drug-resistant TB 1,444 9,629 0.413 Cost saving 119 

Male aged ≥18 years 924 13,386 0.478 Cost saving 183 
DALY: disability adjusted life years 

 

Probabilistic sensitivity analysis 

The probabilistic sensitivity analysis showed less uncertainty in the outcome of the cost-effectiveness 

in target populations from the provider perspective (Figure 18a). The intervention was cost saving in 

all target populations, and the probability of being cost saving was 78.6% in the target population of 

people aged ≥18 years. The probability was the similar from the societal perspective: 84.2% in people 

aged ≥18 years(Figure 18b).  

 

At a willingness-to-pay per DALY averted of 50% of GDP per capita (2022 GDP per capita was USD 

3498), 99.7% of the simulations of the ICER for the target population of people aged ≥18 years were 
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cost-effective (Figure 19a). Even with a lower WTP per DALY averted (7.3% of GDP per capita which 

reflects the country-specific threshold), the probability of intervention being cost saving remained at 

97.5% in the target populations of people aged ≥18 years. The probability was highest in people with 

BMI >18.5 kg/m2 and people aged >45 years. The results were consistent from the societal perspective 

(Figure 19b).  
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Figure 18. Results of probabilistic sensitivity analysis 

(a) Provider perspecƟve 

 

(b) Societal perspecƟve 

  

BMI: body mass index, DALY: disability adjusted life years 
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Figure 19. Cost-effectiveness acceptability curves for providing diabetes services for people with TB 

(a) Provider perspecƟve 

 

 
(b) Societal perspecƟve 

  

 

BMI: body mass index, DALY: disability adjusted life years, USD: US dollars 
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5.7 Discussion 

Key findings 

We estimated the incremental cost-effectiveness of implementing diabetes screening and diagnosis 

for people with TB at their TB diagnosis and subsequent diabetes management in the Philippines, in 

five different target populations that were assessed in this study. Our study found that the 

intervention was highly likely to be cost-saving in all target populations. Targeting the population of 

people aged >45 years, the intervention saved USD 147 per person from the provider perspective and 

USD 187 per person from the societal perspective.  

 

Interpretation of the findings and generalizing results to other settings 

While our study showed that the intervention was cost-saving with considerations of various variables 

in the one-way sensitivity analysis, the results were highly sensitive to the cost of routine diabetes 

management and diabetes-related complications. In our analysis, when the cost of diabetes-related 

complications in managed and unmanaged diabetes varied; in the target population of people aged 

≥18 years, savings ranged from USD 105 to USD 188 per person and from USD 26 to USD 268 per 

person, respectively, from the provider perspective. The costs of diabetes-related complications were 

extracted from a study that assessed diabetes medical costs in two central hospitals in Metro Manila, 

the area of the capital city, in the Philippines [41]. The cost estimates of the complications in two 

hospitals varied considerably, that is USD 1909 vs USD 3272 for those with hospitalizations and USD 

395 vs USD 351 for those without hospitalizations. Although we used the lower estimate for diabetes-

related complications (USD 1909 was used for complications in unmanaged diabetes and USD 351 in 

managed diabetes), the cost estimates could look different depending on study settings. Since the 

costs of diabetes complications had a significant impact on cost saving and are uncertain, a further 

assessment would be required to estimate national budgetary implications.  

 

The cost saving results were affected also by the cost of routine diabetes management, saving from 

USD 124 to USD 169 from the provider perspective. The cost of diabetes management used in our 

analysis was USD 10.28 per month (diabetes medicines and prescriptions, monitoring of blood sugar 

level) which was extracted from a recent study that assessed health system costs of providing diabetes 

outpatient care for people with TB in the Philippines [22]. In that recent costing study, the estimated 

mean monthly costs of diabetes management ranged from USD 8.95 (diabetes medicines and 

prescriptions only) to USD 12.26 (diabetes medicines, prescriptions, monitoring of blood sugar level 

and consultation visits) per month [22]. Therefore, the cost-effectiveness of the intervention would 

be affected by the design of the diabetes interventions integrated with TB services. Furthermore, in 
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our analysis, the extracted costs for diabetes management were marked up since the recent cost study 

did not include the overhead and start-up costs for providing diabetes outpatient services for people 

with TB [22]. The study was not able to collect overhead and start-up costs due to COVID-19 

disruptions. Since diabetes outpatient services are already being implemented in public health 

facilities in which TB and diabetes services are provided separately, only costs for training TB staff to 

provide diabetes outpatient services might have been missed in the cost estimates. The uncertainty 

of the overhead costs of diabetes services may also affect the cost-effectiveness of the intervention. 

Similarly, in other country settings, the cost-effectiveness of the intervention could be affected by the 

prevalence of diabetes in people with TB, costs of diabetes complications and monthly costs of 

diabetes management. 

 

Strengths and limitation of this study 

One of the strengths of this study is that this is the first study to assess the cost-effectiveness of 

providing diabetes care for people with TB in a LMIC. A previously published study assessed the cost-

effectiveness of diabetes screening in household contacts of people with TB in Myanmar, and showed 

that providing diabetes screening for TB household contacts was cost-effective [48]. Our findings add 

new evidence to the cost-effectiveness of integrating diabetes services into TB services.  

 

This analysis was conducted both from the provider perspective and from the societal perspective, 

and our results showed that the intervention would be cost saving from both perspectives. To analyse 

the cost effectiveness of the intervention from the societal perspective, in addition to the latest 

evidence of health system costs of providing diabetes outpatient services [22], the difference in 

patient costs between people with TB-diabetes comorbidity and TB-only was taken into account in 

our analysis [33]. The study revealed that people with TB-diabetes comorbidity incurred higher costs 

due to more frequent visits to health facilities. Therefore, providing integrated diabetes services for 

people with TB may reduce the costs incurred from the patient or household perspective and save the 

households from falling further into poverty caused by the dual financial burden of TB and diabetes. 

 

This study also has several limitations. A lack of access to diabetes diagnosis, treatment and health 

facilities can result in the development of earlier and more severe complications (e.g. blindness due 

to retinopathy or cataracts, kidney disease, coronary heart disease, cerebrovascular disease or stroke) 

and those complications can lead to premature disability and death [49]. Also, diabetes increases the 

risk of developing active TB by 2.3 to 4.3 times [3,5] and increases the risk of TB relapse with a relative 

risk of 3.9 [4,50,51]. However, given that the data were not available for the Philippines, the long-term 
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health outcomes and bidirectional relationship between TB and diabetes were not considered in our 

analysis. While there are several suggestions and discussions around disease models that incorporate 

health transitions for TB and diabetes, they are not fully understood or developed [30,31,51].  

Therefore, our analysis only included a decision tree to provide diabetes screening and confirmatory 

testing for people with TB at TB diagnosis. A conceptual framework and model that incorporates TB-

diabetes interactions were recently developed [31]. With the model and data of long-term health 

outcomes and interactions of TB and diabetes (e.g. reduction in incidence of recurrent TB and/or in 

occurrence of diabetes-related severe complications), the probability of providing diabetes services 

for people with TB being cost-effective would be further improved. Second, our study assumed the 

use of RPG for routine diabetes monitoring and applied the UK-population based incidence of diabetes 

complications [22,44]. However, these assumptions may have a significant impact on the probability 

of the intervention being cost-effective or cost-saving. For further improvement of these assumptions, 

a population-based long-term study in the Philippines is required. Third, our analysis found that the 

intervention could be cost saving in all the target populations in this study including people with drug-

resistant TB since the benefit of integrated service exceeded the incremental costs of providing 

diabetes screening, diagnosis and management for people with TB. Despite all evidence generated 

around integrated care, the operational feasibility and financial affordability of the intervention in the 

target populations needs to be assessed in the context of the Philippines. Fourth, a DALY weight for 

TB comorbid with diabetes was not available in the Global Burden of Disease study. Therefore this 

study used a simple sum of DALYs for TB and for diabetes, which may have resulted in overestimating 

DALYs averted for TB comorbid with diabetes, while the impact of not adjusting disability weights for 

comorbidities were expected to be minimal [38]. 

 

Policy implications in the Philippines 

In the Philippines, the national guideline to integrate the screening and management of TB and 

diabetes was published in 2022 [52]. This was followed by the national strategic plans on TB control 

for 2020-2023 that was published in 2020 and included a target to achieve screening for diabetes in 

90% of TB cases by 2022 [16]. Even though the integration of TB and diabetes management was 

introduced in the policies at the national level, the policies have not yet been implemented at the 

community or primary care levels [22]. A recent WHO policy brief identified a wide range of country 

specific challenges, which served as barriers for implementing the policies, including poor 

coordination between the two disease programmes, lack of involvement of local stakeholders in policy 

development, and lack of sufficient training for healthcare workers to provide health care services to 

detect people with TB-diabetes comorbidity [16,53]. Our analysis found that the intervention was cost 
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saving, and a high probability of being cost-effective was observed in various target populations, when 

a range of values for the willingness-to-pay threshold was applied, even at a low willingness-to-pay 

threshold (7.3% of GDP per capita). The probability of being cost saving was highest in the target 

population of people with BMI >18.5kg/m2 and in people aged >45 years. This was consistent with 

previous findings of cost-effectiveness of early screening and diagnosis of diabetes in populations with 

a high prevalence of diabetes and high-risk populations for diabetes, which contribute to the reduction 

of lifetime costs and improvement of health outcomes [10-12,54]. Therefore, our study findings 

support extending the high-risk population-based approach to TB, and providing the intervention to 

people with BMI >18.5 kg/m2 or those aged >45 years could be an entry point to starting 

implementation of the national policy of integrating TB and diabetes management at the local level in 

countries with a large number of the estimated TB incidence attributable to TB, including the 

Philippines, depending on the willingness-to-pay of the intervention. 

 

5.8 Conclusion 

Our findings indicated that providing diabetes care for people with TB at their TB diagnosis is likely to 

be cost-saving. The Philippines national TB programme should consider the implementation and scale-

up of the intervention. Further studies assessing the nationally representative cost estimates of 

diabetes complications will be required as these costs had a significant impact on the cost-

effectiveness of the intervention. Additionally, the operational feasibility of implementing and 

expanding the intervention needs to be assessed in the context of the Philippines. 
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5.9 AddiƟonal informaƟon 

Figure 20. Results of probabilistic sensitivity analysis using costs of HbA1c instead of RPG for routine 

diabetes monitoring 

(a) Provider perspecƟve 

 

(b) Societal perspecƟve 
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CHAPTER 6. DISCUSSION 

6.1 Main findings and remaining research gaps 

6.1.1 Summary findings 

This PhD thesis contributes to the evidence around the limitations of surveys of costs incurred by 

people with TB and their households using the WHO recommended cross-sectional design, making 

suggestions for the optimal approaches for sampling and interpolating cross-sectional data to 

estimate these costs and the proportion of TB-affected households facing catastrophic costs due to 

TB. This PhD also presented evidence on the financial burden incurred by people with TB and diabetes, 

the costs of providing diabetes outpatient services to people with TB from the health system 

perspective and the cost-effectiveness of an intervention to identify and manage comorbid diabetes 

from the societal perspective (Table 26). 

 

This chapter recaps the four research gaps that were addressed by this PhD project and summarizes 

how the research activities were conducted to contribute to the research areas. Also, this final chapter 

discusses the policy implications from the results of this PhD project and areas for future research.  

 

Table 26. Research gaps addressed by this PhD project, linked to objectives, methods and key 

findings 

# Research gaps Objectives Methods Key findings 
1 Lack of evidence on 

financial burden 
incurred by TB and 
diabetes.  

To estimate direct 
costs and income loss 
associated with TB 
and diabetes care 
seeking, diagnosis, 
and treatment using 
longitudinal data 
collection. 

Longitudinal study 
assessing TB and 
diabetes patient costs, 
with four data collection 
timepoints over the TB 
episode (at TB diagnosis, 
the end of TB intensive 
phase, the mid- and end-
points of TB 
continuation phase) in 
the Philippines 

People with TB and 
diabetes had more 
frequent visits for TB 
treatment (120 vs 87 visits, 
p=0.054) as well as more 
total visits for TB and 
diabetes treatment (129 vs 
88 visits, p=0.010) 
compared to those with TB-
only. There was no 
significant difference in the 
proportion of TB-affected 
households facing 
catastrophic costs between 
those with TB and diabetes 
(76.3%) and those with TB-
only (68.7%, p=0.691). 

2 Lack of evidence on 
the degree of effect 
of assumptions 
used in the WHO 
recommended 
methods on 
estimating TB 
patient costs and 

To identify the 
potential biases of 
the WHO 
recommended cross-
sectional study 
design for TB 
catastrophic cost 
estimates and to 

Using data from the 
longitudinal study 
assessing TB and 
diabetes patient costs: 
1) compare the results of 
total TB patient costs 
and the catastrophic 
costs between the 

With the longitudinal study 
design, the catastrophic 
cost estimate for TB-
affected households was 
69%. The catastrophic cost 
estimates with the 
simulated cross-sectional 
design were affected by the 
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# Research gaps Objectives Methods Key findings 
the catastrophic 
cost estimates. 

explore optimal 
approaches for 
sampling and 
analysing cross-
sectional cost data 
for the catastrophic 
cost estimates. 

longitudinal study design 
and the simulated cross-
sectional study designs 
with different sampling 
proportions from TB 
intensive and 
continuation phases 
2) reassessing the impact 
of indirect costs before 
TB diagnosis on the total 
TB patient costs and the 
catastrophic cost 
estimates 

reduction and recovery in 
household income during 
the episode of TB care and 
ranged from 40-55%. 
The mean total costs 
incurred by TB-affected 
households was USD 932, 
and of these costs 24% 
(USD 219) was indirect 
costs borne during care 
seeking before TB 
diagnosis. 

3 Limited evidence on 
costs of providing 
diabetes services 
for people with TB. 

To assess the 
provider costs of 
diagnosing and 
managing diabetes 
for people with TB 
within TB services. 

Cross-sectional micro-
costing study assessing 
diabetes outpatient 
services provided for 
people with TB at their 
TB diagnosis 

From the provider 
perspective, the cost per 
diabetes case detected 
using different algorithms 
varied from USD 17.43 to 
USD 80.81. The monthly 
cost per people with 
diabetes was estimated 
between USD 8.95 and USD 
12.36. 

4 Lack of evidence on 
the cost-
effectiveness of 
providing diabetes 
screening and 
diagnosis for people 
newly diagnosed 
with TB. 

To assess the cost-
effectiveness of 
integrating diabetes 
services within the 
TB programme in the 
Philippines. 

Using data on patient 
costs for TB and 
diabetes, provider costs 
for diabetes outpatient 
services within the TB 
programme, assessing 
the cost-effectiveness of 
providing diabetes 
screening and diagnosis 
from the provider and 
societal perspectives. 

Providing diabetes 
diagnosis and management 
for people diagnosed with 
TB would be cost saving 
from the societal 
perspective, saving USD 
147 per DALY averted per 
person from the provider 
perspective and USD 187 
per DALY averted per 
person from the societal 
perspective in the target 
population of people aged 
≥18 years. At a willingness-
to-pay threshold per DALY 
of 50% of GDP per capita, 
the probability of the 
intervention being cost-
effective was 99% in the 
target populations of 
people aged ≥18 years, 
from the provider 
perspective and the societal 
perspective respectively. 
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6.1.2 Costs incurred by people with co-morbid tuberculosis and diabetes and their households in 

the Philippines 

Chapter 2 addressed research gap #1 and PhD objective #1. 

 

This research was the first to adapt the WHO recommended method for surveys of costs incurred by 

people with TB and their households to a longitudinal study design and assess patient costs of multiple 

diseases i.e. concurrent TB and diabetes. The research provided a longitudinal assessment of costs 

incurred by people with concurrent TB and diabetes and their households, by comparing health 

service utilization, detailing changes in costs and household income over the TB episode and 

estimating catastrophic cost between people with concurrent TB and diabetes vs those with TB-only. 

 

This research found that people with concurrent TB and diabetes, compared to people with TB-only, 

had more frequent visits for TB treatment (TB-diabetes: 120.0, TB-only: 86.9, p=0.054). For TB services, 

while people with TB and diabetes incurred higher costs, there was no significant difference in TB costs 

between people with TB and diabetes and TB only (TB-diabetes: USD 1,053, TB only: USD 914, 

p=0.464). Unsurprisingly, the proportion of TB-affected households spending more than 20% of their 

annual household income on TB-related services was 69.0% (95%CI: 64.7-73.3%), and there was no 

statistically significant difference between people with TB-diabetes (68.7%, 95%CI: 64.0-73.3%) and 

TB-only (71.2%, 95%CI: 59.3-83.1%), with a p-value of 0.691. We also assessed the difference in the 

costs between people with TB and managed diabetes and those with TB and unmanaged diabetes. 

Our study was not powered enough to detect the difference in the total TB and diabetes costs (TB and 

managed-diabetes: USD 1363, TB and unmanaged-diabetes: USD 841, p=0.078). 

 

This research also found the changes in household income over the TB episode. Overall, the mean 

reported monthly household income before having TB was USD 183 (95%CI: 155-210), and it declined 

during care seeking until TB diagnosis (USD 80, 95%CI: 68-92) and at the end of the intensive phase of 

TB treatment (USD 9, 95%CI: 6-11). Then, it increased towards the middle of the continuation phase 

(USD 195, 95%CI: 164-227) and was sustained to the end of that phase (USD 197, 95%CI: 165-228). 

 

Our study was not able to detect a significant difference in patient costs between people with TB and 

diabetes vs those with TB-only. However, this study found that people with TB and diabetes had on 

average 40 extra visits to health facilities and/or treatment partners for DOT compared with those 

with TB only. Therefore, this finding suggested that the integrated care for TB and diabetes may result 

in the reduction in visits to healthcare providers and related costs (e.g. travel and food costs in direct 
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non-medical costs). More importantly, the study highlighted the importance of further assessment of 

TB and diabetes patient costs in people with diabetes to capture the financial burden of diabetes 

related complications. This study also highlighted the necessity to conduct a study assessing costs due 

to TB-related sequelae and/or prolonged social consequences after TB treatment. 

 

6.1.3 Comparing disease specific catastrophic cost esƟmates using longitudinal and cross-

secƟonal designs: the example of tuberculosis 

Chapter 3 addressed research gap #2 and PhD objective #2. 

 

This study was conducted using the longitudinal patient cost data incurred by people with TB and their 

households that were collected in the study conducted for PhD objective 1. The study highlighted the 

potential bias of estimating disease-specific catastrophic costs using the WHO recommended cross-

sectional study design. It also provided the impact of indirect costs in pre-TB diagnosis on the total 

cost and catastrophic cost estimates.  

 

The catastrophic cost estimates of TB were underestimated with the WHO recommended cross-

sectional study design compared to the longitudinal design used in this PhD project. Furthermore, 

strikingly the catastrophic cost estimates were considerably affected by the sampling proportion of 

patients in the TB intensive and continuation phases, and the catastrophic cost estimates ranged from 

40% with the sampling proportion of 20% from TB intensive phase and 80% of TB continuation phase 

to 55% with the proportion of 50% from TB intensive phase and continuation phase. This issue was 

caused by an inherit failure in the study design of the WHO recommended method that is not able to 

capture changes in household income over the course of the TB episode. In order to resolve this issue, 

this PhD project suggested that WHO guidelines for surveys of costs incurred by people with TB and 

their households should explore a more feasible option for a longitudinal design, e.g. having two data 

collection timepoints, once in each of the TB intensive and continuation phases. Even with the cross-

sectional designs, WHO guidelines should have an official recommendation about the sampling 

proportions of patients in TB intensive and continuation phases since the absence of such a 

recommendation allowed countries to use a wide range of the sampling proportions i.e. 19%:81% in 

the Philippines up to 53%:47% in Solomon Islands, which might result in under- or over-estimation of 

TB catastrophic costs. 

 

This study also highlighted an inconsistency between WHO recommendations and the 

implementation of surveys of costs incurred by people with TB and their households. This study found 
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that the indirect costs before TB diagnosis accounted for 24% of total costs incurred by TB affected 

households. This finding was consistent with a previous systematic review of TB patient cost studies 

showing that indirect costs before TB diagnosis accounted for 26% of total costs [1]. Although the 

WHO guidelines for surveys of costs incurred by people with TB and their households stated that 

indirect costs before TB diagnosis need to be included in the cost assessments, the majority of surveys 

of costs incurred by people with TB and their households so far conducted with the output approach 

for estimating indirect costs did not include the income loss before TB diagnosis. 

 

The current WHO recommended method for surveys of costs incurred by people with TB and their 

households were designed with the consideration of operational feasibility and affordability to 

facilitate implementation. However, given the potential limitations and implications of estimating 

indirect costs using a cross-sectional design and the output approach in the catastrophic cost 

estimates shown in this study, the WHO Task Force for conducting surveys of costs incurred by people 

with TB and their households may need to revise and improve the survey recommendations and 

guidelines. 

 

6.1.4 Health system cost of outpaƟent care for diabetes in people with tuberculosis; esƟmates 

from the Philippines 

Chapter 4 addressed research gap #3 and PhD objective #3. 

 

Given that patient costs for TB and diabetes were assessed in chapter 3 and a nationally representative 

study for assessing provider costs of TB (VALUE-TB) was conducted in the Philippines, this study 

provided the latest evidence on provider costs of diabetes outpatient services, which is the minimum 

required data to conduct a cost-effectiveness analysis for integrated diabetes services within TB 

services. 

 

This study estimated the provider costs of diabetes outpatient services that can be integrated within 

TB services for people newly diagnosed with TB. With data collected from 60 health professionals 

providing diabetes services in 11 health care facilities, this study provided the unit cost of risk 

assessment, screening and confirmatory testing with FBS, RPG, HbA1c and OGTT, consultation and 

diabetes medications. Also, based on the results of the unit costs, this study calculated the cost per 

diabetes case detected in people with TB and the monthly costs of routine diabetes management per 

patient. 
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While there are many studies that assessed diabetes outpatient and inpatient provider costs, this 

study was the first to estimate the cost per diabetes case detected in people with TB in a LMIC, the 

Philippines. Therefore, the results of this study filled the evidence gap on costs of integrated diabetes 

services within TB services and will contribute to planning, budgeting and assessing its cost-

effectiveness. 

 

6.1.5 Cost-effecƟveness of diabetes screening and diagnosis services for people with TB in the 

Philippines 

Chapter 5 addressed research gap #4 and PhD objective #4. 

 

Given that TB is a disease that is affected by socioeconomic status and related risk factors such as 

smoking, undernutrition, HIV infection and diabetes, there is a growing interest in managing TB and 

its comorbidities. WHO has been recently publishing the operational handbook on TB and 

comorbidities, and the handbook for managing concurrent TB and diabetes is under development. In 

the technical consultation, the cost-effectiveness of early detection and management of diabetes in 

people with TB was highlighted as an area with evidence gap. 

 

This study assessed the cost-effectiveness of providing diabetes screening and confirmatory testing 

for 90% of people diagnosed with TB, based on a target included in the Philippines national strategic 

plan for TB control. This study showed that the intervention in the adult population was highly likely 

to be cost-effective, especially when provided for people with BMI >18.5 kg/m2 and people aged >45 

years.  Also, this found that the results of the cost-effectiveness analysis were highly sensitive to the 

cost of diabetes routine management and diabetes-related complications. 

 

Although a target to achieve screening diabetes in 90% of TB cases by 2022 was included in the 

Philippines TB national strategic plan, the policy has not been implemented at community nor at 

primary care level in the Philippines. The findings of this study will inform policy makers and can 

accelerate the implementation of the policy to provide diabetes screening for people with TB, and 

also fill the evidence gap highlighted in the technical consultation meeting of WHO handbook for 

managing TB and comorbidities. 

 

6.1.6 Remaining research gaps 

While this PhD project addressed several evidence gaps, the studies of this PhD project had a number 

of limitations due to practical and budget restrictions.  
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Chapter 2 presented the results of the first assessment of the costs incurred by people with TB and 

diabetes and their households. However, the study was unable to capture the financial burden of 

diabetes related complications because of its sample size and also due to the scope of the cost 

assessment which was designed to capture costs incurred during an episode of TB. Therefore, future 

studies assessing costs of TB and diabetes incurred by people with diabetes should capture the cost 

estimation of diabetes related complications among people with TB and diabetes. Also, due to the 

scope of the cost assessment, any financial consequences of TB were not included, and therefore it 

highlighted the necessity to conduct a study assessing costs due to TB-related sequelae and/or 

prolonged social consequences after TB treatment. 

 

Chapter 3 showed the cross-sectional study design may in general underestimate the catastrophic 

cost estimates compared to the longitudinal study design, and the sampling proportions of the TB 

intensive and continuation phases may have influenced the results of catastrophic cost estimates. 

However, it is not entirely clear if this finding can be applied to other country settings, and therefore, 

further assessment would be required to compare the results of catastrophic cost estimates between 

the cross-sectional and longitudinal study designs. Also, in this PhD project, the underestimation of 

the catastrophic cost estimates was caused by the use of cost extrapolations. Therefore, in addition 

to the current method, WHO may need to explore implementing an alternative option e.g. enrolling 

survey participants only from those in the TB continuation phase and collect cost and income data at 

all three time points (pre-diagnosis, in the TB intensive phase and in the TB continuation phase) so 

that the surveys do not rely on arbitral cost extrapolation methods. Since this suggestion may cause 

issues of recall bias (for people in the TB continuation phase, they need to recall their costs and income 

at least 3-4 months ago) and also of a longer interview time due to additional data collection items 

(which could be a burden for survey participants), operational feasibility and effect of recall bias needs 

to be carefully investigated by e.g. comparing the interview time and results of cost estimates 

between the currently recommended method with cost extrapolations and a suggest method without 

cost extrapolations. 

 

Chapter 4 presented the results of provider costs of diabetes outpatient services for people with TB. 

To have a nationally representative value of the provider costs, nationally representative study sites 

across several regions in the Philippines (as was done for of the VALUE-TB project) is required. The 

cost assessment should also have included overhead costs e.g. start-up, training costs and also other 

recurrent overhead costs. This was not possible in this PhD project due to the budget constraint and 
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the restrictions of data collection during the COVID-19 pandemic. A further assessment of the provider 

costs with a larger and nationally representative sample size will be necessary to fill these evidence 

gaps. 

 

Chapter 5 showed the cost saving results of the intervention providing diabetes screening and 

diagnosis for people diagnosed with TB, from the societal perspective. Due to poor data availability 

and a lack of models for comorbid TB and diabetes, the long-term health outcomes and bidirectional 

relationship between TB and diabetes over a lifetime were not considered in this analysis. Also, while 

there are several suggestions and discussions, disease models that incorporate health transitions for 

TB and diabetes are not fully understood and developed [2-4]. This PhD project only included a 

decision tree to provide diabetes screening and confirmatory testing for people with TB at TB diagnosis. 

With the model and data of long-term health outcomes and lifetime interactions of TB and diabetes 

(e.g. reduction in incidence of recurrent TB and/or in occurrence of diabetes-related severe 

complications), the probability of providing diabetes services for people with TB being cost-effective 

or saving could be further improved. 
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6.2 Methods recommendaƟons 

6.2.1 Measurement of costs incurred by people with TB and their households 

The implementation of the surveys of costs incurred by people with TB and their households started 

in 2015 to capture the situation of TB-associated household costs and monitor the progress toward 

achieving a target “to ensure that no family is burdened with catastrophic expenses due to TB by 

2020” in the End TB Strategy [5,6]. The surveys have been implemented with the WHO recommended 

cross-sectional design.   

 

Before starting this PhD project, there was limited evidence on the results of catastrophic costs due 

to TB with the longitudinal design and the comparison between the WHO cross-sectional design and 

the longitudinal design. At the time of writing this PhD thesis, several studies assessing TB patient 

costs and catastrophic costs due to TB have been implemented in India, Nepal and Viet Nam as in the 

Philippines [7-12]. These studies provided various suggestions to improve the WHO recommended 

methods such as methods to capture diagnostic journey to estimate pre-diagnosis costs, to capture 

changes in costs and social consequences during TB treatment and to apply multiple approaches to 

estimate indirect costs [7,11,13].  

 

The first WHO handbook for surveys of costs incurred by people with TB and their households was 

published in 2017 [5,6]. Since the WHO guidance for other TB surveys periodically implemented in 

countries such as TB prevalence surveys and drug resistance surveys has been updated every 5-10 

years, the time of writing this PhD thesis (2024) is the ideal timing to release the second edition of the 

survey handbook, and it is in development [14].  

 

The study of longitudinal TB (and diabetes) patient costs in this PhD project suggested: 

1. Redesigning surveys of costs incurred by people with TB and their households for more robust 
esƟmates of indirect costs. 

This project found that with the WHO recommended cross-sectional design, the changes in 

household income cannot be captured, and therefore suggested considering a feasible 

longitudinal data collection in surveys of costs incurred by people with TB and their households, 

such as two data collection timepoints: once in each of the intensive and continuation phases. 

However, given that the current WHO recommendations of cross-sectional study design and the 

use of cost extrapolation methods were developed based on operational feasibility, pilot testing 

must be conducted to assess the operational feasibility e.g. additional duration of data collection 

period and additional funding required. In 2023, preparations for a repeat national survey have 
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been started in several countries, and therefore, the pilot testing with a revised data collection 

tool that can incorporate both extrapolation methods and multiple data collection methods may 

need to be conducted. 

 

2. Providing a recommendaƟon for the sampling proporƟon of survey parƟcipants from the TB 
intensive and conƟnuaƟon phases 

The absence of the WHO recommendation for the sampling proportion from each treatment 

phase meant that countries adopted arbitrary sampling proportions from the intensive and 

continuation phases, which may have resulted in over- or under-estimation of catastrophic costs 

due to TB. Therefore, in the second edition of the WHO guidance for the surveys, the 

recommendation for applying an ideal sampling balance at survey design stage would need to be 

added. Also at the analysis stage, when over/under sampling from each phase happened in the 

data collection, weight adjustment should be applied as is recommended for adjusting for the 

effect of cluster size in the analysis.  

 
3. Ensuring the inclusion of pre-diagnosis indirect costs in total cost esƟmates 

This project found that indirect costs before TB diagnosis were not included in the total cost 

estimates in surveys of costs incurred by people with TB and their households that used the output 

approach for indirect costs. This means that the majority of the national surveys did not follow 

the WHO recommended methods and underestimated the pre-diagnosis costs. Therefore, the 

WHO guideline should ensure and re-highlight the necessity to include the indirect costs before 

TB diagnosis. One of reasons for the inconsistency was that the generic questionnaire and Stata/R 

scripts do not have a variable to estimate the pre-diagnosis indirect costs. As a part of the 

development of the second edition of the WHO guidance for the surveys, the generic 

questionnaire and analysis scripts must be revised accordingly. 

 

While this PhD project was conducted in the Philippines, key findings and policy implications from the 

project can be applied to the global contexts and contribute to the formulation of revised WHO 

guidance for national surveys of costs incurred by people with TB and their households. 

 

6.2.2 Measurement of provider costs 

In this PhD project, the costs of providing diabetes outpatient services for people with TB were 

assessed within the setting of the main cohort study which provided diabetes point-of-care HbA1c 

testing as a part of the observational study. Since there was no integrated care of TB and diabetes 

implemented in the study sites, it was not possible to assess the provider costs in the actual setting of 
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the intervention. In March 2024, the U.S. Agency for International Development (USAID) and the 

Philippines’ Department of Health announced a new initiative named “the Support Wide-scale 

Interventions to Find TB (SWIF-TB)” which will support the expansion of ongoing interventions by local 

NGOs and private sector partners; this includes integrated TB screening with the testing of other lung 

diseases, HIV, and diabetes. For a better understanding and measurement of the provider costs of 

diabetes services “provided for people with TB”, a further cost assessment within the actual 

intervention across different settings of integrating a range of diabetes related interventions with TB 

services would be required. This will also allow the reflection of overhead costs e.g. costs of start-up 

and training of diabetes services within TB services, which was listed as one of limitations of this PhD 

project.  

 

For the cost assessment of TB interventions, “Costing Guidelines for Tuberculosis Interventions” was 

published in 2019 by WHO, and the standardised data collection and analytical methods were used in 

the VALUE-TB project which allowed the comparison of the TB provider costs across five countries 

[15,16]. In this PhD project, the WHO’s “Costing Guidelines for Tuberculosis Interventions” was 

adapted for data collection, analysis and reporting to assess the cost of outpatient diabetes services. 

The standardization of data collection items e.g. diabetes medications, testing, consumables and 

equipment would be useful for future studies that assess the diabetes intervention costs within TB 

services across multiple countries. 

 

6.2.3 Measurement and data gaps to esƟmate TB and diabetes 

As discussed in section 6.1.6, one of the limitations of the cost-effectiveness analysis in this PhD was 

that the analysis was not able to include the effect of lifetime interaction of TB and diabetes due to a 

lack of established models and associated data. A specific limitation is that my model only estimates 

the direct impact of TB, and to project and estimate budgets and population impact over time, indirect 

impact needs to be considered 

 

For TB control, the importance of country-level TB modelling to support TB policy making is increasing, 

especially for the NSP development [17,18]. TIME Impact model and AuTuMN model capture indirect 

effects and have been used by NTPs to justify their resource mobilization for planned activities to 

achieve the End TB strategy [19,20]. The models allow users to estimate TB epidemiological impact of 

NTP activities (e.g. prevalence, incidence, notification, mortality) by population strata such as age 

groups, DS/DR-TB, TB history, HIV status, and CD4 cell count [19-21]. Various model structures have 

been used for TB modelling, and most structures consist of disease compartments of Susceptible (S), 
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Latent/Pre-disease (E), Active TB/Infectious (I). A recent TB modelling study adapted to the Philippines 

context was published in 2018, and the study used a simple SEI model (Figure 21) to assess impact of 

different TB interventions on the disease burden [22]. 

 

Figure 21. Simplified structures of TB core model in previous modelling studies 

 

 

For TB and diabetes interactions, four publications have been identified so far that have included TB 

transmission models with diabetes effects. All of them incorporated a transition from without 

diabetes to with diabetes within a simple SEIR (SEI + Recovered stage: R) structure for TB (Figure 22), 

whereas Awad et al used a more complex model of SEIR with two pre-infectious stages (rapid or slow 

disease progress) and treatment stage within infectious stage [4,23-25].   

 

Figure 22. Simplified structure of TB model with diabetes effect in recent modelling studies 

  

 

As section 2 of this PhD project presented, there was a difference in costs incurred by people with 

managed diabetes and those with unmanaged diabetes, and also, in a longer time horizon, the 

incidence of diabetes-related complications and its lifetime financial burden could be different [26-

28]. Therefore, from the results and lessons learnt from this PhD, there should be at least three 
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categories of diabetes status in future joint models of TB and diabetes: non-diabetes, unmanaged 

diabetes and managed diabetes. 

Further studies with a simple model such as Figure 23, with parameters of e.g. annual transitions from 

non-diabetes to unmanaged diabetes, between unmanaged and managed diabetes, and recurrence 

of TB, should be used to help fill the remaining evidence gaps for assessing the cost-effectiveness of 

providing diabetes services for people with TB (Figure 23). In addition, a population-based longitudinal 

study in the Philippines that assesses the incidence of diabetes, along with complications, initiation 

and dropout of diabetes treatment etc. may help provide the country-specific parameters of diabetes-

related events over a lifetime, although it will require a huge amount of research funding. Alternatively, 

the parameters can be taken from population-based studies in other countries (mostly high-income 

countries) such as the UK Prospective Diabetes Study (UKPDS) [29,30]. 

 

Figure 23. Proposed simple structure of TB model with diabetes effect 
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6.3 Policy recommendaƟons 

6.3.1 ImplementaƟon of integrated management of TB and diabetes 

The collaborative framework for TB and diabetes was first developed in 2011 by WHO, and the 

framework consisted of three pillars including bi-directional screening of TB in people with diabetes 

and that of diabetes in TB patients; plus monitoring and evaluation of collaborative diabetes and TB 

activities [31]. Even more than 10 years after the publication of the WHO framework, the policies for 

the collaborative management of TB and diabetes have not been implemented widescale [32,33].  

 

The studies in this PhD project addressed three research gaps identified in the WHO guidance 

development group for management of TB and diabetes: financial burden incurred by people with TB 

and diabetes and their households, provider costs of providing diabetes outpatient services for people 

with TB, and cost-effectiveness of providing integrated diabetes outpatient services for people 

diagnosed with TB. 

 

Before conducting this PhD project, there was no data available on patient costs incurred by people 

with TB and diabetes. The longitudinal study of TB and diabetes patient cost found that people with 

TB and diabetes had more visits to health facilities compared to those with TB. While the study was 

not able to present substantial differences in the incidence of catastrophic cost, it provided the 

evidence that people with TB and diabetes, particularly with managed diabetes, incurred higher 

household costs. At the time of writing this thesis, there was no evidence on health system costs of 

diabetes services for people with TB or its cost-effectiveness in a LMIC setting. The study in this PhD 

was the first that assessed costs of providing outpatient services for people with TB and showed the 

cost-effectiveness of integrating diabetes outpatient services for people diagnosed with TB. 

 

Although future studies will be required to answer further questions such as feasibility and cost-

effectiveness of different forms/levels of integration in different health system settings, the findings 

of this PhD project can contribute to the formulation of policy recommendations on the integration 

of TB and diabetes at the global level. 

 

Also, in 2022, the Regional Committee for the WHO Western Pacific Region approved and endorsed 

the regional framework supporting integrated surveillance, analysis and strategic planning for both 

communicable and noncommunicable diseases [34]. Hence, the new evidence provided by this PhD 

project draw a particular interest in advancing integrated disease control, specifically TB and diabetes 

in the Western Pacific Region and in the Philippines. 
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6.3.2 Financial protecƟon for people with TB and diabetes in the Philippines 

In the Philippines, a national health insurance has been implemented since 1995 by the Philippines 

Health Insurance Corporation (PhilHealth). Health service coverage is different by the type of 

insurance membership. The national health insurance covers both TB and diabetes services; TB 

services such as the diagnosis, treatment, drugs, and consultations are covered by PhilHealth TB DOTS 

package, while diabetes services such as screening and diagnostic testing, and diabetes medications 

are covered by the primary care benefit package, but it is available only for indigent and sponsored 

members [28,35]. For diabetes-related complications such as coronary artery bypass or kidney 

transplants, another package called Z-package is required. This situation, with a lack of comprehensive 

coverage of diabetes services, could force people with diabetes to face a lifetime of heavy financial 

burden. This project found that people with TB and diabetes incurred USD 125 for diabetes during an 

episode of TB, without even having diabetes complications. Therefore, an expansion of the service 

coverage of Philhealth is required to reduce the cost incurred by people with diabetes. 

 

In the Philippines, a TB specific social protection scheme, a TB enabler package, has been provided by 

NTP, but only for people with DR-TB. The national survey of cost incurred by people with TB and their 

households conducted in the Philippines concluded that the TB enabler package for DR-TB had a 

minimal impact on the TB catastrophic cost estimates, lowering the percentage in people with DR-TB 

from 89.7% to 76.6%, but for the overall percentage, only by 0.4 percentage points from 42.4% to 

42.0%, due to the target population of the scheme being limited to people with DR-TB [35]. In this PhD 

project, the TB specific social support was received by approximately 13-15% of study participants 

during TB treatment, which corresponds to the proportion of participants with DR-TB.  

 

In addition to a TB specific scheme, there is also a TB sensitive (non-TB specific) social protection 

scheme in the Philippines, which is a conditional cash transfer programme for households living under 

poverty, called "Pantawid Pamilyang Pilipino Program (4Ps)". The cash transfer programme has been 

implemented since 2007 by the Department of Social Welfare and Development (DSWD). In the 

national survey of cost incurred by people with TB and their households conducted in 2016-2017 in 

the Philippines, the proportion of survey participants who received the cash transfer was only 1.3% 

despite that 47% of TB-affected households were under the poverty line of USD 1.90 PPP according to 

the reported household income during TB treatment [35,36]. Based on the national survey results, in 

2019, DSWD committed to strengthen and expand the cash transfer programme to people diagnosed 

with TB as a part of national “Comprehensive Tuberculosis Elimination Plan Act” [37]. An improvement 



 

195 
 

in the proportion of those who received the cash transfer programme was seen in this PhD project 

(conducted in 2018-2020) but remained low around 15-16%. This finding suggests that a policy change 

has been made at the national level in the Philippines to improve the social protection for people with 

TB, but implementation is still underway. The progress and impact of the enhanced social protection 

policy for TB must be assessed in the second national survey of costs incurred by people with TB in 

the Philippines. 
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6.4 Areas for future research 

This PhD project provided the added value of longitudinal data collection of patient costs, and the 

results revealed potential biases in the estimation of catastrophic cost for TB. Also, this PhD project 

filled evidence gaps on concurrent TB and diabetes patient costs, diabetes provider costs for people 

diagnosed with TB and the cost-effectiveness of integrating diabetes outpatient services within TB 

programmes. However, not all of research gaps were addressed by this PhD project due to the 

methodological limitations. 

 

6.4.1 TB and diabetes paƟent costs in people with diabetes 

Delay in diabetes diagnosis and treatment may result in having diabetes-related complications such 

as blindness, kidney disease, coronary heart disease, cerebrovascular disease or stroke, and such 

complications can be a cause of having heavier financial burden in affected households [38,39]. 

Median time to have diabetes related complications varies from three years for chronic kidney disease 

to six years for lower extremity amputation with a wide range of 10 years cumulative incidence from 

1.3% for lower extremity amputation to 33.3% for peripheral neuropathy [26,40]. In this PhD project, 

TB and diabetes patient costs were assessed in people diagnosed with TB, and the study was designed 

to assess the patient costs during a TB episode (~1 year). Therefore, due to the limited number of the study 

samples with diabetes (N=144), the study was not able to capture the costs for diabetes complications 

and hospitalizations during the course of TB treatment.  

 

This limitation resulted in having a relatively low diabetes-related patient cost (USD 210 in those with 

managed diabetes), compared to previous patient cost studies that assessed diabetes related 

complications and inpatient costs e.g. USD 673 in Kenya or USD 1401 in China [41,42]. Hence, to 

understand patient costs, incidence of catastrophic costs, and impoverishment due to TB and diabetes, 

a study assessing patient costs of TB and diabetes incurred by people with diabetes over a longer time 

horizon is required.  

 

Identification of undiagnosed TB among people living with diabetes was highlighted as a research area 

with evidence gap in the technical consultation meeting for WHO handbook for managing TB and 

diabetes, especially for cost-effectiveness of strategies to identify TB in people with diabetes and risk 

factors associated with prevalence of undiagnosed TB in people with diabetes. Therefore, conducting 

a study for screening and diagnosing TB in people with diabetes and assessing patient costs of TB and 

diabetes in people with diabetes will fill another evidence gap. This may provide cost assessment of 

diabetes-related complications in people with TB. 
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6.4.2 Post treatment economic impact of TB 

In this PhD project, the post treatment costs were omitted from the scope of the study, nor did any of 

the surveys of costs incurred by people with TB and their households that followed WHO 

recommended methods include that component. Hence a study is required to develop a methodology 

to assess the costs incurred by TB-affected households and its impoverishment e.g. 12 months after 

the completion of TB treatment. The results will provide evidence on the financial impact of TB after 

the treatment and whether the post treatment costs should be included as part of TB patient costs 

[43]. 

 

One potential way to assess the long-term economic impact in TB-affected households is measuring 

costs incurred and social/financial consequences in households of people with TB before, during and 

after TB care. TB Sequel is an on-going study assessing the pathophysiologic and long-term economic 

impact of TB in four African countries, and the study assesses patient costs, household income, coping 

mechanism, and social consequences at baseline and months 2, 6, 12, and 24 during and after TB 

treatment both for DS- and DR-TB [43]. However, no studies assessing the long-term economic shock 

in TB-affected households have been conducted yet in Asian countries, and therefore more evidence 

on the association between during TB care and consequences after the treatment are required. 

 

Total post treatment patient costs can be estimated and compared with total patient costs until the 

end of TB treatment to assess if TB patients incur substantial costs even after TB treatment. Total 

patient costs and catastrophic costs during TB treatment using the 20% threshold need to be first 

estimated using the data collected during the TB episode. Then it requires an assessment of the 

association between indicators during TB treatment (total patient costs and proportion of catastrophic 

costs) and consequences after TB treatment (income loss after treatment, employment status, social 

impacts such as continuous job loss and social exclusion). This approach would help to understand if 

the current globally recommended approach for patient and catastrophic costs for people with TB is 

predictive for non-recoverable long-term socio-economic shock in TB-affected households. 
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Table 27. Suggestion for data collection items for post treatment costs and household economic 

impact 

Data category Detail 
Index patient costs visit(s) for any follow-up for TB 

  
visit(s) for TB symptom recurrence and/or TB-related sequelae 
(COPD, Bronchiectasis etc) 

  
costs for nutritional supplement/additional food for TB symptom 
recurrence 

Lost time time lost for visits for any follow-up for TB 
  time lost for visits for TB symptom recurrence 
Employment status at end of TB treatment 
  at the time of interview (12 months after TB treatment) 
Household income monthly income at end of TB treatment 

  
monthly income at the time of interview (12 months after TB 
treatment) 

Changes of household 
expenditure 

Changes in household expenditure compared with that during TB 
treatment 

Social impact after TB 
treatment 

Experiences of social exclusion, continuous job loss, 
divorce/separation etc 

 

Since this component will need additional data collection (Table 27) and the extension of the data 

collection period, additional funding will be required to implement this component as a cross-

sectional study within national surveys of costs incurred by people with TB and their households. 

Therefore, before adding this component as a part of the survey, WHO may need to take several steps, 

e.g.: 

1. Conduct a systemaƟc review for available evidence on costs and financial/social consequences 

incurred aŌer the compleƟon of TB treatment, to assess the impact of post treatment financial 

hardship and its necessity to be included in the naƟonal surveys. 

2. Conduct a pilot study for data collecƟon and analysis as a part of ongoing naƟonal surveys of 

costs incurred by people with TB and their households, to invesƟgate the operaƟonal 

feasibility of the data collecƟon and the amount of survey budget required for implemenƟng 

this component.  

6.4.3 Economic evaluaƟons incorporaƟng health equity 

Although in this PhD study, the cost-effectiveness of providing diabetes screening and confirmatory 

testing for people diagnosed with TB was assessed from the societal perspective (chapter 5) using the 

data of TB and diabetes patient and provider costs (chapter 3 and 4), the outcomes relied on health 

consequences, and health equity and non-health benefit of the intervention were not included in the 

analysis. 
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WHO describes equity in health as a fair opportunity to have full potential health without being 

disadvantaged from achieving the potential and regardless of socio-economic determinant of health 

[44]. In a recent publication, health equity was explained as everyone has a fair and just opportunity 

to be healthier. This requires removing obstacles to health such as poverty, discrimination, and their 

consequences, including powerlessness and lack of access to jobs with fair pay, quality education and 

housing, safe environments, and health care” [45,46]. 

 

Traditional cost-effectiveness analysis (CEA) assesses economic efficiency with a range of healthcare 

interventions that maximize health benefits at population level, and therefore the analysis is usually 

based on aggregated costs and health consequences regardless of who suffers costs and gains health 

[46,47]. In this sense, the traditional economic evaluation methods fail to promote health equity as 

distribution of resources, beneficiaries, healthcare access or health outcomes were not considered in 

the analytical approaches [47,48]. 

 

A review identified three new approaches to consider health equity into economic evaluation 

including Multi-Criteria Decision Analysis (MCDA) and two frameworks incorporating health equity 

into CEA: Distributional Cost-Effectiveness Analysis (DCEA) and Extended Cost-Effectiveness Analysis 

(ECEA) [49,50]. 

 

MCDA is a method to compare various potential interventions across several criteria such as number 

of beneficiaries, severity of disease, and poverty reduction, to determine which interventions should 

be prioritized, and it enables CEA to be weighed with health equity to target specific subpopulations 

defined by age, sex and severity of diseases [51,52]. Though this approach was applied to healthcare 

interventions in a few LICs such as Ghana and India, HICs more commonly apply this approach due to 

practical challenges such as difficulty adapting expert opinions and ensuring MCDA reflects local 

cultural and social contexts in LMICs [46,53,54]. DCEA is an approach to model the distribution of 

health gains and opportunity costs of different healthcare interventions and adjust those for social 

value judgements about equity [46,50,55]. This method can also evaluate trade-off issues between 

improving total health and reducing inequity [55,56].  

 

ECEA is a method to compare distribution of protection against disease-related impoverishment in 

various interventions as well as health outcomes [46,57]. Though DCEA can take health-related 

opportunity costs into consideration, ECEA is indicated as a relevant approach in LMICs as patients 

usually require drastic coping mechanisms to pay healthcare-related costs such as borrowing money 
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or selling household assets that may threaten their life permanently [46,55,58,59]. ECEA assesses 

health policies in terms of four domains in addition to total costs and aggregated health benefits that 

can be assessed in conventional CEA: 1) health consequences, 2) financial benefits, 3) total costs for 

implementing policies, and 4) distributional consequences across sub-groups [57,60,61]. The financial 

benefits can be measured by cases of catastrophic costs averted, poverty cases averted, or value of 

insurance [60].  The sub-grouping for the distributional consequences includes by socio-economic 

status, by sub-national unit, and/or by demographic status (e.g. sex or age group) [60]. Considering 

the proportion of catastrophic costs was much higher in low-income groups or DR-TB patients, and 

drastic coping mechanisms were commonly required to pay TB-related costs, ECEA would be an 

appropriate approach to assess cost-effectiveness of health policies to avert economic impacts due to 

TB. 

 

Using ECEA, assessing health gains (deaths averted or DALYs averted) and non-health benefits 

(catastrophic costs averted) for most commonly suggested recommendations from TB patient costs 

surveys/studies will provide estimated costs of various interventions vs health benefit and financial 

risk protection [57,60]. Therefore, the results of model based ECEA can help policy makers to select 

interventions to achieve epidemiological and economical goals in End TB strategy from perspectives 

of health and non-health benefits based on results of TB patient cost surveys and studies in the 

Philippines and other countries. 

 

A study in Ethiopia assessed the number of deaths averted (health benefit) and individual poverty 

cases averted (non-health benefit) for nine health interventions including improvement of the 

coverage of TB DOTS [57]. The study showed that the extent of health and non-health benefits varied 

widely across the interventions, and TB treatment averts a small number of deaths and a large number 

of poverty cases [57]. The analysis showed that a 10% increase in TB treatment and malaria treatment 

provides a similar health benefit, but TB provides considerably more financial benefits. Therefore, 

results of ECEA allow policy makers to take both benefits into account especially when developing 

health-care benefit packages [60].  A modelling study using ECEA methods in South Africa and India 

showed that the number of TB patients with catastrophic costs can be reduced by improving quality 

of care and by expanding access to care especially among those who were in the bottom 40% of 

income groups [21].  

 

For the End TB Strategy, all countries need to enhance financial and social protection policies to avert 

the catastrophic costs due to TB [5]. A recent modelling study revealed that none of the LMICs have 

achieved the target yet [62]. However, as it is discussed in this section, the traditional CEA is not able 
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to assess the cost-effectiveness of such policies to avert the catastrophic costs due to TB, as the 

analysis can only incorporate health benefits as an outcome of an intervention. The use of ECEA will 

allow the assessment of the cost-effectiveness of new and/or enhanced financial and social protection 

policies to mitigate the financial hardship faced by people with TB, as a non-health outcome, and it 

will further provide evidence on whether the policies are efficiently delivered across, for example 

different income groups from an equity perspective. 

 

6.5 Conclusion remarks 

New evidence from this PhD project, namely concurrent TB and diabetes patient costs, diabetes 

provider costs for people with TB and the cost-effectiveness of integrating diabetes services within TB 

services, have filled an evidence gap for providing diabetes services integrated within TB programmes. 

The evidence will contribute to advancing global discussion on the implementation and expansion of 

TB and diabetes service integrations. This PhD project also showed the limitations of the WHO 

recommended cross-sectional design for surveys of costs incurred by people with TB and their 

households and an inconsistency between the recommendation and implementation of the surveys. 

The suggestions from this PhD project will help to improve and revise the WHO guidance on surveys 

of costs incurred by people with TB and their households. 
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Supplementary material 2. Data collecƟon tools 

Tool used for collecƟng costs incurred by people with TB and diabetes and their households – 

QuesƟonnaire for enrolment 
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Interview guide for diabetes provider costs 

The questions below are a guide for the topic areas that need to be covered in the data collection. 

They will be adapted as the study progresses and further understanding is obtained of the study 

setting and activities being costed. 

 

Note to interviewers:  In advance, make sure you are fully familiar with the interview questions. 

Questions should be added where a participant mentions something of interest or touches on 

something that needs further clarification. Questions can be skipped where a participant answers the 

question in a previous response. It may not be necessary to go through all questions. 

Ideally, the interview(s) should be conducted after the data collection of staff timesheet to understand 

the routine tasks involved in providing diabetes testing, drug-prescribing, consultation, etc. During the 

interview(s), please focus on the information especially for diabetes services related to testing and 

drug-prescribing. 

 

A. Introduction 

Thank you for agreeing to take part in this interview. My name is ........... and I am part of a team 

conducting research on provider costs for diabetes services in the Philippines.  

I am now going to ask you some questions regarding your daily work or tasks related to diabetes 

services.  As explained in the consent form, you are free to stop the interview at any time.  

If you feel uncomfortable answering any questions, please feel free to tell me that you don’t want to 

answer the question(s). 

This interview will be audio-recorded and will take approximately 45 minutes. Thank you for your 

time. 

 

B. Interview information  

 LocaƟon of the interview 
 People present during the interview 
 Name of the interviewer 
 Date of the interview 
 Start Ɵme 
 End Ɵme 

 

C. General information  

 What is the Ɵtle of your job? (doctor, nurse, healthcare volunteer, etc.) 
 How long have you been working in that capacity? (capture 3 values: total, in this 

facility, and/or in TB services) 
 How many days are you currently working per week in this facility? 
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 What is your working hour in a day? (from xx AM to xx PM)  
 Describe the typical working schedule from start of a day unƟl the end of a day 
 Describe rouƟne tasks in a week you usually work (including TB-diabetes services and 

other services) 
 

D. Diabetes screening and diagnostic tests for TB patients 

 What kind of diabetes screening and/or diagnosƟc tests do you usually provide in daily 
work (for TB paƟents)? 

 What is detail of the procedure/workflow of each type of screening/diagnosƟc tests 
(e.g. risk score assessment, HbA1c, RPG, FBS, OGTT etc)? (from the preparaƟon unƟl 
the compleƟon) 

 What is the average number of each type of screening/diagnosƟc tests you perform 
per week/month (e.g. risk score assessment, HbA1c, RPG, FBS for TB paƟents etc)? 

 How many minutes (hours) does each type of screening/diagnosƟc test take? (total 
and also by step, e.g. preparaƟon, consultaƟon, tesƟng itself, waiƟng Ɵme etc) 

 What kind of equipment is used for each type of screening/diagnosƟc tests you 
provide? 

 How many minutes (hours) does it take to use the equipment for each 
screening/diagnosƟc test? 

 What kind of supplies is usually used for each type of screening/diagnosƟc tests you 
provide? 

 What is the usual amount used for each type screening/diagnosƟc tests? 
 Do you have any works/tasks for follow-up aŌer each type of screening/diagnosƟc 

tests? (e.g. making follow-up phone call for other tests, documentaƟon for referral etc). 
 If you have any follow-up works/tasks, how many minutes (hours) does each type of 

follow-up works take? 
 

E. Diabetes drug prescription (if you provide diabetes drugs to TB patients) 

 How frequently paƟents with TB and diabetes visit your facility to pick their diabetes 
drugs? (e.g. once a week, every two weeks etc) 

 What types and doses of diabetes drugs are usually prescribed? 
 Approximately how many % of paƟents with diabetes treatment are taking each type 

of drugs? 
(e.g. Meƞormin xx %, Gliclazide xx %, Insulin xx %). 

 What is the average amount of drug prescribed to a paƟent per month? (by type of 
diabetes drugs) 

 What is detail of the procedure/workflow of drug-prescripƟon (e.g. preparaƟon, 
consultaƟon, documentaƟon, actual prescripƟon etc) 

 How many minutes (hours) does each drug prescripƟon take? (total) 
 What kind of supplies/consumables is usually used for each drug prescripƟon? 
 What is the usual amount used for each drug prescripƟon? 

 

F. Any other diabetes management for TB patients (if applicable) 

 Please describe workflow of diabetes counselling for TB paƟents, and Ɵme consumed 
for each counselling/consultaƟon 
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 Please describe workflow of diabetes consultaƟon for drug iniƟaƟon, and Ɵme 
consumed for each consultaƟon for drug iniƟaƟon 

 Please describe workflow of diabetes consultaƟon for regular monitoring, and Ɵme 
consumed for each consultaƟon for regular monitoring for TB paƟents 

 Please describe workflow of diabetes consultaƟon for adverse events/complicaƟons, 
and Ɵme consumed for each consultaƟon for adverse events/complicaƟons for TB 
paƟents 
 

G. Impact of COVID-19 on diabetes services 

 Does (did) COVID-19 outbreak affect your daily work for providing diabetes services? 
If so, how? 

 Does (did) COVID-19 outbreak affect paƩerns of paƟents visits?  
e.g. reducƟon in: 
- frequency of facility visits 
- number of paƟents newly diagnosed as being diabeƟc 
- adherence/compliance of taking diabetes medicaƟons 
etc 
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Supplementary material 3. AddiƟonal analysis for costs incurred by people with TB 

With the human capital approach, productivity losses as indirect costs were estimated by multiplying an estimated hourly wage, reported lost time per one 

visit by purpose of visits and frequency of each visit type in each treatment phase. If lost time was reported in days, one day was converted into 8 hours 

assuming 8 working hours per day. An hourly wage was estimated for each patient using reported working hours per week and monthly income before 

having TB. With the human capital approach, we were able to compare the full TB illness episode. Using the longitudinal method, the mean total cost was 

estimated at USD 307 (95%CI: USD 257-357). Using the cross-sectional design, the mean total cost was at USD 264 (95%CI: USD 225-304) with 20%:80% for 

the proportion of patients in the TB intensive and continuation phases respectively. The result was consistent regardless of the proportion of patients by 

the TB treatment phase: USD 272 (95%CI: USD 233-312) with 35%:65%, and USD 271 (95%CI: USD 232-310) with 50%:50% (Table 28). 

 

Table 28. Detail of costs incurred per TB-affected households, by design, mean (95%CI), human capital approach 

TB patient costs, US$ 
Longitudinal 

Cross-sectional 
Proportion of samples in intensive and continuation phases 
20:80 35:65 50:50 

 Mean  (95% CI) %  Mean  (95% CI) %  Mean  (95% CI) %  Mean  (95% CI) % 

Pre-TB 
diagnosis 

Direct medical costs  28.7  (20.1-37.3) 9.3% 13.9 (14.9-18.5) 5.3%  16.2  (14.4-18.1) 6.0%  16.7  (14.9-18.5) 6.2% 
Direct non-medical costs  29.1  (24.3-33.9) 9.5% 18.4 (19.7-27.3) 7.0%  19.6  (17.2-22.1) 7.2%  23.5  (19.7-27.3) 8.7% 
Indirect costs  40.1  (31.1-49.1) 13.1% 37.1 (31.6-42.6) 0.0%  34.7  (29.4-40.0) 0.0% 35.2 (30.5-39.9) 0.0% 

Post-TB 
diagnosis 

Direct 
medical 
costs 

Drug pickup  0.05  (0-0.1) 0.0%  0.002  (0.001-0.02) 0.0%  0.004  (0-0.009) 0.0% 0.01 (0.001-0.02) 0.0% 
Directly observed 
therapy 

 0.0  (0.0-0.0) 0.0%  0.0  (0.0-0.0) 0.0%  0.0  (0.0-0.0) 0.0% 0.0 (0.0-0.0) 0.0% 

Follow-up  1.8  (0.9-2.6) 0.6%  1.5  (0.2-2.2) 0.6%  1.9  (0.8-3.1) 0.7% 1.2 (0.2-2.2) 0.4% 
Hospitalization  1.8  (0-4.3) 0.6%  2.7  (0-4.8) 1.0%  2.2  (0-5.8) 0.8% 2.1 (0-4.8) 0.8% 

Direct 
non-
medical 
costs 

Accommodation  0.06  (0-0.1) 0.0%  0.5  (0.2-0.7) 0.2%  0.3  (0.2-0.4) 0.1%  0.4  (0.2-0.7) 0.1% 
Food  3.6  (2.6-4.6) 1.2%  7.6  (3.5-10.6) 2.9%  7.6  (3.6-11.7) 2.8%  7.0  (3.5-10.6) 2.6% 
Travel  19.2  (16.2-22.1) 6.3%  33.4  (22.9-47.3) 12.6%  32.9  (22.1-43.8) 12.1%  35.1  (22.9-47.3) 12.9% 
Nutrition 
supplement 

 45.8  (40.0-51.7) 14.9%  51.7  (44.2-60.0) 19.6%  57.5  (48.4-66.7) 21.1%  52.1  (44.2-60.0) 19.2% 

Indirect costs  136.7  (96.7-176.8) 44.5%  97.4  (71.4-123.4) 36.9%  97.2  (72.1-122.3) 35.7%  98.4  (74.0-122.9) 36.3% 
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Total direct medical costs  32.3  (23.3-41.3) 10.5% 18.1 (16.5-23.4) 6.8%  20.4  (16.0-24.8) 7.5% 20.0 (16.5-23.4) 7.4% 
Total direct non-medical costs  97.7  (87.6-107.8) 31.8% 111.6 (0-136.4) 42.2%  118.1  (0-136.4) 43.4% 118.1 (0-136.4) 43.5% 

Indirect costs (human capital approach) 
 176.9  (134.5-219.2) 57.6% 134.5 (105.6-

163.3) 
50.9%  131.9  (104.4-

159.4) 
48.5% 133.6 (107.3-

159.8) 
49.2% 

Total cost   
 307.1  (257.1-357.1) 100.0% 264.3 (224.8-

303.7) 
100.0%  272.1  (232.7-

311.6) 
100.0% 271.3 (232.3-

310.4) 
100.0% 
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Table 29. Composition and phase of costs incurred by TB-affected households in the Philippines, 2018-2020 USD, output approach 

During TB treatment, DR-TB patients incurred higher direct non-medical costs compared to DS-TB patients at intensive phase (DR-TB: USD 78.7, DS-TB 19.9, 

p<0.001), middle of continuation phase (DR-TB: USD 44.5, DS-TB USD 18.2, p=0.001) and end of continuation phase (DR-TB: USD 41.9, DS-TB: USD 17.5, 

p<0.001). DR-TB patients also faced larger income loss in intensive phase (DR-TB: USD 722.0, DS-TB: USD 341.8. p<0.001).   

Costs associated with accessing care for TB, US$ Drug-susceptible TB Drug-resistant TB All TB patients p-value* 
 Mean  (95% CI)  Mean  (95% CI) Mean (95% CI)   

Cost category    | Phase of incurred costs                 

Direct medical 

Before TB diagnosis  26.3  (20.7-32.0)  46.2  (0.0-104.8) 28.7 (20.1-37.3) 0.510 
Intensive phase  0.8  (0.3-1.3)  10.7  (0.0-31.5) 2.0 (0-4.5) 0.351 
Middle of continuation phase  0.8  (0.2-1.3)  0.0  (0.0-0.0) 0.7 (0.2-1.2) 0.007 
End of continuation phase  1.0  (0.2-1.8)  0.2  (0.0-0.5) 0.9 (0.2-1.6) 0.067 

Direct non-
medical 

Before TB diagnosis  28.2  (22.9-33.4)  35.7  (25.0-46.4) 29.1 (24.3-33.9) 0.219 
Intensive phase  19.9  (17.6-22.2)  78.7  (54.6-102.8) 26.9 (23.0-30.8) <0.001 
Middle of continuation phase  18.2  (15.9-20.6)  44.5  (30.0-59.1) 21.4 (18.6-24.2) 0.001 
End of continuation phase  17.5  (15.4-19.6)  41.9  (32.0-51.7) 20.4 (18.1-22.7) <0.001 

Income loss 

Before TB diagnosis  219.7  (155.8-283.6)  216.5  (94.8-338.3) 219.3 (161.2-277.4) 0.964 
Intensive phase  341.8  (277.5-406.2)  722.0  (516.9-927.1) 387.1 (324.4-449.9) 0.001 
Middle of continuation phase  83.5  (63.0-104.1)  146.2  (62.3-230.1) 91.0 (70.3-111.8) 0.156 
End of continuation phase  103.3  (79.0-127.6)  113.6  (50.3-177.0) 104.6 (81.9-127.3) 0.766 

Total 

Direct medical costs  28.9  (23.1-34.8)  57.0  (0.0-118.7) 32.3 (23.3-41.3) 0.374 
Direct non-medical costs  83.8  (75.0-92.6)  200.8  (155.1-246.4) 97.7 (87.6-107.8) <0.001 

Income loss    748.4  (609.2-887.7)  1 
198.4  

(853.8-1 543.0) 802.0 (672.0-932.1) 0.018 

Total     861.1  (719.8-1 002.5)  1 
456.2  

(1 077.5-1 834.8) 932.0 (798.4-1 065.7) 0.004 

*results of t-test 
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Table 30. Composition and phase of costs incurred by TB-affected households in the Philippines, 2018-2020 USD, output approach, by drug-resistance 

TB patient costs, US$ Drug susceptible TB Drug resistant TB 

Longitudinal 
Cross-sectional 

Longitudinal 
Cross-sectional 

20:80 35:65 50:50 20:80 35:65 50:50 
Mean (95% 

CI) 
Mean  (95% 

CI) 
Mean  (95% 

CI) 
 Mean (95% 

CI) 
 
Mean 

(95% 
CI) 

Mea
n 

(95% 
CI) 

Mean (95% 
CI) 

Mean (95% 
CI) 

Pre-TB 
diagnosis 

Direct medical costs 
26.3 (20.7-

32.0) 
13.7 (12.2-

15.2) 
16.2 (14.2-

18.3) 
18.0 (16.1-

20.0) 
46.2 (0.0-

104.8) 
14.7 (10.1-

19.3) 
16.3 (12.8-

19.7) 
8.3 (5.4-

11.2) 

Direct non-medical costs 
28.2 (22.9-

33.4) 
17.4 (16.1-

18.7) 
17.9 (15.3-

20.5) 
23.7 (19.3-

28.0) 
35.7 (25.0-

46.4) 
24.4 (20.7-

28.2) 
30.7 (23.7-

37.7) 
22.1 (17.2-

26.9) 

Income loss 
219.
7 

(155.8
-
283.6) 

N/A 
 

N/A 
 

N/A 
 

216.5 (94.8-
338.3) 

N/A 
 

N/A 
 

N/A   

Post-TB 
diagnosis 

Direct 
medic
al 
costs 

Drug pickup 
0.06 (0.0-

0.1) 
0.00
2 

(0.0-
0.007) 

0.00
4 

(0.0-
0.01) 

0.01 (0.001-
0.02) 

0.0 (0.0-
0.0) 

0.0 (0.0-
0.0) 

0.0 (0.0-
0.0) 

 0.0  (0.0-
0.0) 

Directly 
observed 
therapy 

0.0 (0.0-
0.0) 

0.0 (0.0-
0.0) 

0.0 (0.0-
0.0) 

0.0 (0.0-
0.0) 

0.0 (0.0-
0.0) 

0.0 (0.0-
0.0) 

0.0 (0.0-
0.0) 

 0.0  (0.0-
0.0) 

Follow-up 
2.0 (1.0-

3.0) 
1.8 (0.6-

2.9) 
2.3 (0.9-

3.6) 
1.4 (0.2-

2.6) 
0.2 (0.0-

0.5) 
0.0 (0.0-

0.0) 
0.0 (0.0-

0.0) 
 0.0  (0.0-

0.0) 

Hospitalization 
0.5 (0.1-

1.0) 
0.8 (0.0-

1.8) 
0.5 (0.0-

1.0) 
0.8 (0.0-

1.8) 
10.7 (0.0-

31.5) 
14.5 (0.0-

39.9) 
13.0 (0.0-

38.4) 
  9.9  (0.0-

29.3) 

Direct 
non-
medic
al 
costs 

Accommodatio
n 

0.07 (0.0-
0.1) 

0.5 (0.2-
0.8) 

0.2 (0.1-
0.3) 

0.4 (0.09-
0.7) 

0.0 (0.0-
0.0) 

0.9 (0.3-
1.5) 

0.7 (0.2-
1.3) 

 0.7  (0.2-
1.3) 

Food 
2.6 (1.9-

3.2) 
2.7 (1.7-

3.6) 
2.7 (1.7-

3.7) 
2.5 (1.5-

3.4) 
11.2 (4.9-

17.5) 
38.3 (14.3-

62.4) 
38.8 (11.0-

66.5) 
 36.0  (11.9-

60.1) 

Travel 
12.2 (11.0-

13.4) 
13.5 (11.7-

15.3) 
12.7 (11.0-

14.5) 
12.5 (10.8-

14.3) 
70.3 (52.4-

88.2) 
157.
2 

(106.0
-
208.4) 

159.3 (89.3-
229.2) 

 178.8  (98.4-
259.2) 

Nutrition 
supplement 

40.7 (35.6-
45.9) 

45.7 (38.5-
52.9) 

47.5 (40.8-
54.1) 

43.9 (38.1-
49.6) 

83.6 (54.4-
112.7) 

89.3 (56.8-
121.8) 

120.5 (71.9-
169.1) 

 104.6  (62.1-
147.1) 

Income loss 

528.
7 

(437.3
-
620.1) 

396.
9 

(312.0
-
481.7) 

599.
4 

(401.8
-
797.0) 

716.
9 (514.9-

918.9) 

981.8 (676.0-
1287.7) 

601.
0 

(325.0
-
877.0) 

715.1 (396.1
-
1034.1
) 

690.0 
(404.4
-
975.5) 
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Total direct medical costs 
 28.9  (23.1-

34.8) 
16.3 (14.0-

18.7) 
19.0 (16.4-

21.5) 
20.2 (17.6-

22.9) 
57.0 (0.0-

118.7) 
29.1 (0.9-

57.3) 
29.3 (1.7-

56.9) 
18.3 (0.0-

37.6) 

Total direct non-medical costs 
 83.8  (75.0-

92.6) 
79.7 (71.5-

87.9) 
81.0 (72.2-

89.7) 
82.9 (74.1-

91.7) 
200.8 (155.1-

246.4) 
310.
2 

(232.5
-
387.9) 

349.9 (245.9
-
454.0) 

342.2 (235.1
-
449.2) 

Income loss   

748.
4 

(609.2
-
887.7) 

396.
9 

(312.0
-
481.7) 

599.
4 

(401.8
-
797.0) 

716.
9 

(514.9-
918.9) 

1198.
4 

(853.8-
1543.0) 

601.
0 

(325.0
-
877.0) 

715.1 (396.1
-
1034.1
) 

690.0 (404.4
-
975.5) 

Total cost   

861.
1 

(719.8
-
1002.5
) 

492.
9 

(406.6
-
579.2) 

699.
3 

(500.2
-
898.4) 

820.
0 

(616.0-
1024.1
) 

1456.
2 

(1077.5
-
1834.8) 

940.
3 

(628.9
-
1251.8
) 

1094.
4 

(731.2
-
1457.5
) 

1050.
4 

(715.3
-1 
385.5) 

Total cost (excluding income loss 
before TB diagnosis) 

 
641.
4  

(547.7
-
735.2) 

492.
9 

(406.6
-
579.2) 

699.
3 

(500.2
-
898.4) 

820.
0 

(616.0-
1024.1
) 

1239.
6 

(895.6-
1583.7) 

940.
3 

(628.9
-
1251.8
) 

1094.
4 

(731.2
-
1457.5
) 

1050.
4 

(715.3
-
1385.5
) 
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Supplementary material 4. AddiƟonal analysis for diabetes outpaƟent provider costs 

Table 31. Unit costs for diabetes interventions by sampled facility 

Study site Risk assessment HbA1c 
Referral service FBS RPG 

OGTT 
Drug 
prescrip
tion 

Consu
ltatio
n General Complication Glucom

eter 
Chemistry 
analyser 

Glucom
eter 

Chemistry 
analyser 

Rural health unit #1 0.75  0.82 3.00 2.45 4.60 2.15   1.94 3.38 
City health office #1 0.72  0.58 1.43 2.65  2.28   1.45 1.35 
City health office #2 0.83  1.00 1.82 1.33 2.50 1.28   2.04 3.56 
Rural health unit #2 0.33  0.60 1.02 0.91 3.02 0.90   1.10 1.31 
City health office #3 0.63  0.67 0.72 0.84 2.88 0.75   1.72 0.75 
Rural health unit #3 0.27  0.25 1.12 1.85 2.76 1.85   1.12 1.26 
Rural health unit #4 0.27  0.65 0.94 1.52  1.50   0.65 1.57 
Hospital #1      3.94 1.94   1.05 1.63 
Hospital #2 0.51 2.91 0.50 2.06 3.32 2.42 0.15 3.28 23.72 1.24 2.06 
Rural health unit #5 0.57  1.74 2.22 0.77 2.10 0.71   0.80 2.23 
Rural health unit #6 0.39  1.02 1.66 1.04 2.66 1.05   1.05 1.70 

FBS: Fasting blood glucose, HbA1c: Glycated haemoglobin, OGTT: Oral glucose tolerance test, RPG: Random plasma glucose, SD: Standard deviation USD: United States Dollar, PHP: Philippine Peso 

 

 

 

 


