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ABSTRACT
Background Non- adherence to anti- tuberculosis (TB) 
regimens is not simplistic; rather, doses are missed in 
complex patterns. In a cohort of individuals being treated 
for rifampicin- sensitive pulmonary TB in Tanzania, we 
sought to examine how doses were missed across the 
treatment course and within a day, as well as the reasons 
for missed dose periods.
Methods 200 participants aged ≥18 years treated with 
the standard 6- month regimen were recruited from March 
2022 to June 2023. Missed doses were measured using 
evriMED pillboxes and by pill count. The reasons for up 
to three missed dose periods per month were collected. 
Patterns of missed doses—across treatment and within a 
day—and their reasons were visualised and described.
Findings Two participants died early in treatment, leaving 
198 with missed dose data. The increase in the percentage 
of participants that missed any given dose as time 
progressed was driven by early discontinuation (median 
doses missed 0.0% in month 1 vs 6.7% in month 6) from 
treatment, as opposed to sporadic missed doses (median 
doses missed 3.1% in month 1 vs 4.1% in month 6). There 
was a median of one sporadic missed dose period (ranging 
between 0 and 42 doses in length) per participant. Out of 
all the reported reasons for missed dose periods, forgetting 
or forgetting and inconvenience were the most common 
(59.6%).
Interpretation Missing doses of anti- TB treatment is 
a temporally complex phenomenon and the result of 
the intersection of multifaceted day- to- day events in an 
individual’s life, with complicated implications for effective 
drug levels across the treatment course. This complexity 
limits our ability to predict an individual’s missed doses at 
the start of treatment.

BACKGROUND
Tuberculosis (TB) remains one of the most 
challenging infectious diseases globally, 
affecting about 10 million people per year.1 
Even for drug- sensitive (DS-) TB disease, the 
most commonly used treatment regimen is 
taken over a 6- month course, with an inten-
sive phase of four drugs for 2 months followed 
by a continuation phase of two drugs for 

4 months.2 For drug- resistant (DR-) disease, 
treatment is even longer.2 These lengthy dura-
tions can lead to challenges with doses being 
missed. This is problematic because missed 
doses of anti- TB treatment are associated with 
prolonged infectiousness, increased transmis-
sion, higher rates of treatment failure and the 
development of drug resistance.3 Ensuring 
patients complete their treatment regimen 
is thus important for both individual health 
outcomes and public health.

Missed doses of anti- TB treatment are often 
conceptualised in simplistic and binary terms, 
that is, above or below a particular percentage 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Quantitative studies capturing how multifaceted 
day- to- day events in an individual’s life intersect 
with their tuberculosis (TB) diagnosis and treatment 
are lacking, despite some recent studies describing 
missed dose trajectories across the anti- TB treat-
ment course and, occasionally, in terms of dose- by- 
dose missed dose patterns.

WHAT THIS STUDY ADDS
 ⇒ In this prospective cohort study of individuals with 
pulmonary rifampicin- sensitive TB in Tanzania, we 
capture the temporal complexity of missed doses, 
including their accrual due to early discontinua-
tion—but not sporadic missed doses—across the 
treatment course.

 ⇒ We map the reasons for specific missed- dose pat-
terns across time.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The spontaneous manifestation of missed dose driv-
ers across treatment renders accurate prediction 
of who will miss doses from the start of treatment 
difficult.

 ⇒ Different missed dose patterns will have a variety 
of implications for drug levels in blood and disease 
lesions.
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threshold (80% or 90%). This does not, however, 
capture the complexity of missed dose behaviours over 
time.3 Numerous studies have indicated that missed 
doses increase as treatment progresses, while also fluc-
tuating substantially during the treatment course.3–5 
This is important because the implications of missed 
doses will be different during different treatment phases, 
for example, due to changes in bacterial load. Further, 
missed dose patterns are known to vary substantially from 
setting to setting; for example, in terms of how soon early 
discontinuation from treatment manifests itself.6

A complex array of factors leads to missed doses of 
anti- TB treatment. Broadly, these have been classified as 
economic/structural, patient (eg, comorbidities, demo-
graphic, clinical), regimen (eg, side effects), health-
care provider- patient relationship and health systems 
related.7–9 In resource- limited settings where TB burden 
is highest, patient- related factors, including employment, 
family responsibilities, social support, stigma and lack of 
access to healthcare facilities, can be particularly prob-
lematic.10 Qualitative studies also reveal that missed doses 
are influenced by how treatment fits into the structures 
of individuals’ broader lives.11 For example, people may 
have to choose between attending a clinic to replenish 
their medication and working to support their family.10

Understanding both how and why missed doses mani-
fest is essential for designing interventions that address 
its root causes, as opposed to the limited support and 
occasional blame- based communication that patients 
may experience when missing doses, especially in 
overburdened clinical settings. This study aimed to 
understand the temporal dynamics of missed doses of 
anti- DS- TB treatment within a patient population in 
northern Tanzania and to provide detailed insights into 
the complex drivers of missed doses over time.

METHODS
Study design and setting
This was a prospective cohort study of individuals with 
pulmonary DS- TB, aged ≥18 years, being treated at Kibo-
ng'oto Infectious Disease Hospital (KIDH), which is in 
the north of Tanzania. KIDH is located near the Mire-
rani mines, and thus miners are a key part of the hospital 
population.

The Tanzanian National Tuberculosis and Leprosy 
Programme (NTLP) implements Directly Observed 
Treatment (DOT) as the standard of care nationwide. As 
part of this approach, patients are encouraged to iden-
tify a treatment supporter—often a family member—
who observes and documents the intake of medications, 
especially during the continuation phase of treatment.12 
Despite the widespread use of this model, implementa-
tion challenges are known to occur. These include limited 
training and supervision of treatment supporters, incon-
sistent follow- up by health workers and lack of tailored 
support for patients with complex socioeconomic or 
clinical needs. In busy public sector hospitals, such as the 

one where this study is conducted, resource constraints 
further limit the availability of personalised adherence 
counselling or structured psychosocial interventions.

Individuals were consented and enrolled between 
March 2022 and June 2023, and post- treatment follow- up 
was completed in June 2024.

Participants
Eligible participants had bacteriologically confirmed 
(through sputum sampling; namely, smear examina-
tion, culture or GeneXpert) pulmonary disease deemed 
sensitive to rifampicin through GeneXpert. They were 
starting the standard 6- month DS- TB treatment regimen: 
2 months of isoniazid (75 mg), rifampicin (150 mg), 
ethambutol (275 mg) and pyrazinamide (400 mg) 
followed by 4 months of isoniazid (75 mg) and rifampicin 
(150 mg) (2HRZE/4HR), all dosed daily. Medications 
were generally issued as fixed dose combination pills 
(FDCs), and dosage was determined by a participant’s 
weight. Participants were instructed to take their TB 
medication once daily, as per national treatment guide-
lines. Participants provided informed consent in order to 
be enrolled in the study.

Participants who lived a long distance (>200 km) from 
KIDH were not recruited due to logistical constraints that 
would have resulted in inconsistent follow- up and data 
completeness for these individuals versus the rest of the 
cohort. The study’s missed dose monitoring required 
regular in- person visits and phone- based check- ins, 
which were not reliably feasible for individuals in remote 
regions due to transportation barriers and limited mobile 
network access.

Missed dose (non-adherence) measurement
Non- adherence is technically defined as deviations from 
the agreement made between participants and health-
care providers at the start of treatment about how treat-
ment will be taken.13 Within this study, we also considered 
as of interest doses missed due to side effects where the 
healthcare provider agreed with the participant that they 
could be missed, and thus refer to ‘missed doses’ rather 
than ‘non- adherence’ throughout this manuscript.

In our prospective cohort, we captured missed doses 
through two mechanisms: electronically (evriMED pill-
boxes, a type of medication event reminder monitor that 
is, a container for medication that digitally records when 
it is opened) and pill counts.

Electronic data capture (pillboxes)
At enrolment and subsequent monthly visits, participant’s 
medication was dispensed into evriMED 500 pillboxes 
(Wisepill Technologies) by a KIDH healthcare worker. 
These medication monitoring devices capture pillbox 
opening as a proxy measure for a dose being taken and 
were used in this study without the reminder mechanism 
(alarm, lights) being set. Each day, the devices also record 
a heartbeat to check that the pillbox is working. Data as 
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to pillbox openings and heartbeats were uploaded from 
the pillboxes to the Wisepill cloud at monthly appoint-
ments at KIDH, before the pillbox was refilled with new 
medication. As the study was also collecting pharmacoki-
netics data for which dose- taking needed to be very reli-
able during the first 2 weeks of treatment, in this period a 
healthcare worker contacted participants daily to remind 
them to take their medication.

Participants were instructed to open the pillbox only 
at the time of dosing. They were advised not to open 
the device for any other reason to ensure accurate data 
capture.

Monthly pill count
Before medications for the next month were dispensed, 
the KIDH healthcare worker counted the number of pills 
remaining in the pillbox.

Table 1 Baseline characteristics of cohort (N=200)

N (%)

Age, in years

  Mean age (SD) 41.6 (11.2)

  18–29 33 (16.5%)

  30–39 43 (21.5%)

  40–49 79 (39.5%)

  ≥50 45 (22.5%)

Sex

  Female 15 (7.5%)

  Male 185 (92.5%)

Education

  No education 29 (14.5%)

  Some primary school 21 (10.5%)

  Primary school completed 117 (58.5%)

  Any secondary school 28 (14.0%)

  University 5 (2.5%)

Smoking history

  Current smoker 14 (7.0%)

  Former smoker 95 (47.5%)

  Never smoked 90 (45.0%)

  Missing 1 (0.5%)

Alcohol consumption

  Advised to reduce 67 (33.5%)

  Not advised to reduce 133 (66.5%)

Recreational drug use

  Yes 4 (2.0%)

  No 196 (98.0%)

GeneXpert results

  TB positive, rifampicin resistance not 
detected

199 (99.5%)

  TB positive, rifampicin resistant 
indeterminate

1 (0.5%)

Sputum smear result

  Negative or scanty† 119 (65.5%)

  1+ 35 (17.5%)

  2+ 22 (11.0%)

  3+ or more 11 (5.5%)

  Missing 1 (0.5%)

Culture results

  Negative 41 (20.5%)

  Positive 153 (76.5%)

  Test failed 3 (1.5%)

  Test not done 1 (0.5%)

  Missing 2 (1.0%)

Extrapulmonary disease in addition to pulmonary

  Yes 8 (4.0%)

  No 192 (96.0%)

Continued

N (%)

Previous TB

  Yes 57 (28.5%)

  No 143 (71.5%)

  Missing 1 (0.5%)

Intended adherence support

  None 5 (2.5%)

  DOT- clinic 2 (1.0%)

  DOT- community 3 (1.5%)

  DOT- family member 190 (95.0%)

Body mass index

  Overweight (≥25) 11 (5.5%)

  Normal (≥18.5–<25) 101 (50.5%)

  Underweight (<18.5) 88 (44.0%)

HIV/AIDS*

  HIV, taking medication 5 (2.5%)

  HIV, not taking medication 4 (2.0%)

  No HIV reported 191 (95.5%)

Diabetes*

  Diabetes, taking medication 6 (3.0%)

  Diabetes, not taking medication 2 (1.0%)

  No diabetes 192 (96.0%)

Other lung disease*

  Other lung disease, taking medication 15 (7.5%)

  Other lung disease, not taking medication 21 (10.5%)

  No other lung disease 164 (82.0%)

*Other comorbidities, including hepatitis B/C, malaria, sickle 
cell anaemia and mental health conditions were not reported 
at baseline among the 200 participants.
†Twelve scanty smear results.
DOT, Direct Observation Therapy; TB, tuberculosis.

Table 1 Continued
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Missed dose data coding
Electronic data capture
Pillbox data were cleaned as per online supplemental 
table S1 to create two variables: a ‘main’ missed dose vari-
able and one for sensitivity analyses. Broadly for both vari-
ables, if the pillbox was opened at least once a day, this 
was coded as a dose taken. If the pillbox was not opened, 
but a heartbeat was present, this was coded as dose not 
taken. Pillbox data could be overwritten by other data, for 
example, the first dose of treatment always being taken at 
the clinic under observation (online supplemental table 
S1). The two variables differed in their treatment of (1) 
information reported on ‘pocket doses’ (ie, where partic-
ipants took multiple days’ worth of doses out of their pill-
boxes on a single day; see the Reasons for missed dose 
patterns section) during monthly clinic visits; (2) medi-
cation due to be taken after the last visit of the study; 
and (3) loss to follow- up. The main missed dose variable 
assumed more missed doses than the sensitivity analysis 
variable. Only data across a 168- day period (28 days per 
month over 6 months) were considered.

Reasons for missed dose patterns
Each month, KIDH healthcare workers examined the 
missed dose data recorded by the pillboxes. For research 
purposes only, they then had a discussion with the partic-
ipant about what enabled them to take their medication 
during that month (‘When you were taking your anti- 
tuberculosis pills this month, what helped you to take 
them each day?’).

Further, the healthcare worker selected up to three 
missed dose periods each month and asked the question 
‘When you did not take your anti- TB pills during this part 
of the month, what caused problems for you?’ The health-
care worker recorded the reason for the missed dose for 
the period, either from a list of potential items (forgot, 
feeling better, inconvenient, feeling unwell, unable due 
to other reasons (travel, out of medication), side effects 
or other issues with the regimen, lack of support) or in 
free text. The txttool Stata command and manual review 
was used to group the free text responses. The grouped 
free text responses and information from the list of 
potential items were combined to generate a final set of 
reasons for missed doses: pocket doses, inconvenient, 
forgot, unable/lack of support, side effects/unwell and 
felt well.

Collection of other study data
Baseline data on demographic information and medical 
history (including self- reported comorbidities) were 
recorded. At the monthly clinic visits, additional data 
capture included changes in treatment regimens, comor-
bidities and side effects during treatment. Sputum smear 
and culture results were obtained from medical records 
at 2, 3 and 6 months.

All study data apart from the pillbox data were collected 
and managed using REDCap (Research Electronic 

Data Capture) electronic data capture tools hosted on 
a server at the London School of Medicine & Tropical 
Hygiene.14 15 REDCap is a secure, web- based software 
platform designed to support data capture for research 
studies, providing (1) an intuitive interface for validated 
data capture; (2) audit trails for tracking data manipula-
tion and export procedures; (3) automated export proce-
dures for seamless data downloads to common statistical 
packages; and (4) procedures for data integration and 
interoperability with external sources.

Statistical analysis
Analyses were done using Stata V.15.1 (StataCorp, College 
Station, Texas, USA).

Missed dose patterns from pillboxes
Doses taken were described using the following summary 
measures: median percentage of doses taken overall, 
during the intensive phase and during the continuation 
phase and percentage of participants achieving a 100% 
and 80% threshold of doses taken. Doses with missing 
information were excluded from the denominator of 
these calculations.

The patterns of doses missed over time, grouped by 
different percentage intervals, were graphically visualised 
using lasagna plots created in Excel (Microsoft Corpo-
ration). Stacked area plots were used to visualise doses 
missed due to early cessation (discontinuation) of treat-
ment vs doses missed sporadically (ie, suboptimal dosing 
implementation) using the rarea command in Stata. To 
determine the doses missed due to early discontinua-
tion, per individual, we looked for the last timepoint at 
which a dose was taken before all other doses up to and 
including dose 168 were missed. This division of types of 
missed doses is in line with published taxonomies.3 16 The 
number of gaps during treatment due to sporadic missed 
doses and their length were described using scatter plots. 
Line graphs were used to visualise changes in medication 
timing over the treatment period.

Both the main missed dose variable and the sensitivity 
analysis variable were used throughout these analyses.

Reasons for missed doses
The reasons for missed doses per gap period were graph-
ically summarised by months in treatment.

Comparison between missed dose data from pillboxes and 
monthly pill count
The percentage of doses taken over the treatment period 
recorded by the monthly pill counts and pillboxes (main 
missed dose variable and sensitivity analysis variable) 
was compared using box plots/violin plots using vioplot 
command in Stata. Percent agreement as to whether indi-
vidual participants were recorded as having no missed 
doses (ie, 100% doses taken) between the two measures 
was calculated.
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Patterns in timings for dose taken
To examine when within a day a dose of medication 
was taken, a 24- hour window of 04:00 to 03:59 was set. 
When multiple openings were recorded within a day, we 
assumed the first to be the time that the dose was taken. 
Medication taken in the morning was defined as a dose 
taken between 04:00 and 14:00. Medication taken after 
14:00 to the end of the 24- hour window was considered 
an evening dose.

Patient and public involvement
Patients were involved in the development of the research 
questions, but not the study design, recruitment, outcome 
measures, dissemination plans and conduct of the study. 
The study findings will be disseminated through open 
access scientific publications, stakeholder networks and 
national/international meetings.

RESULTS
Participants
Of the 695 people with presumed TB at KIDH during 
the time window, 200 (28.8%) met the inclusion criteria 
(online supplemental figure S1). The majority of 
enrolled participants were male (185/200, 92.5%), and 
the mean age was 41.6 years (table 1). Eighty- three and 
a half per cent (167) had limited education, having only 
completed primary school or lower. Fifty- two participants 
(26.0%) reported having a comorbid condition, such as 
diabetes, HIV/AIDS and other lung disease, especially 
pneumoconiosis. Having a history of TB was reported by 
25.5% (51/200) of the participants. Forty- four per cent 

(88/200) of participants were underweight, potentially 
suffering from malnutrition. All the participants were on 
2HRZE/4HR, dosed with FDCs, at the start of treatment.

Patterns of missed doses
Of the 200 participants, 2 (1.0%) died from TB within 
the first month of treatment and their evriMED pillboxes 
were not recovered. Of the remaining 198 participants, 
34.3% (68/198) took all 168 doses during the treatment 
period and 10.6% (21/198) took less than 80% of their 
doses using the main missed dose variable. The median 
percentage of doses taken was 99.4% (IQR 97.0–100%). 
A lower percentage of doses was taken during the inten-
sive phase (median=96.5%; IQR 96.5–96.5%) compared 
with the continuation phase (median=99.1%, IQR 96.4–
100%).

Lasagna plots were used to examine missed dose 
patterns (figure 1). Short periods of sporadic doses were 
common throughout the treatment period, regardless of 
a participant’s overall missed dose level (figure 1A).

Within the sensitivity analysis, the percentage of partic-
ipants taking all of their doses and 80% of their doses 
increased to 41.4% (vs 34.3% before) and 90.4% (vs 
89.4% before), respectively (figure 1B).

Next, we examined the relative importance of sporadic 
missed doses (eg, suboptimal dosing implementation) 
versus early discontinuation as types of missed doses 
within the cohort (figure 2). In the first month of treat-
ment, sporadic missed doses were the primary reason 
for missed doses. As treatment progressed, there was a 
gradual increase in the proportion of participants missing 

Figure 1 Lasagna plots of doses taken (N=200). Lasagna plots for the main missed dose variable (A) and the sensitivity 
analysis missed dose variable (B). Each row in the figure represents a participant, ordered by percentage of doses taken. This 
was calculated as a percentage of 168 doses and then grouped: <80%, 80–89%, 90–99% and 100%. Rows are coloured 
by dose taken groups, as per the legend. White indicates doses not taken. Grey indicates when pillbox data were missing or 
unreliable (eg, box failure or lost box).
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doses, largely due to an accrual of individuals under-
going early discontinuation. Across month 6, a median of 
11.3% of doses were missed, of which 62.5% were missed 
due to early discontinuation and 37.5% were sporadically 
missed. Ten per cent of participants (20/198) discon-
tinued early without also sporadically missing doses. In 
the sensitivity analysis, this was fewer than 5% (9/198) of 
the cohort.

Specifically examining sporadic missed doses (110 indi-
viduals, online supplemental figure S2), 406 missed dose 
gaps were observed. Among individuals with fewer than 
four gaps during their treatment, the median number 
of doses missed across their gaps ranged from 1 to 27, 
with a maximum ranging from 1 to 42 (figure 3A,B). In 
comparison, among individuals with four or more gaps, 
the median ranged from one to five, with a maximum 
ranging from 1 to 16 (figure 3A,B). Using the sensitivity 
analysis missed dose variable, there were 385 gaps, with 
similar ranges of median and maximum lengths across an 
individual (online supplemental figure S2).

Timings of doses taken
The majority of participants (180/198) changed the 
timing of their dose (ie, from morning to the evening) 
at least once during their treatment period. Even among 
participants who did not miss any doses of their treatment, 
only 21.3% (17/80) took medications at a consistent 
time each day (online supplemental figure S4A). Among 
individuals who missed <10% of their doses, timing fluc-
tuations were observed, with more variability later in 
treatment (online supplemental figure S4B) or irregular 

dosing times throughout the whole treatment period 
(online supplemental figure S4C). As the proportion of 
missed doses increased, the dose timing became more 
variable, suggesting irregular dosing times with little 
consistency (online supplemental figure S4C–E). We also 
observed multiple box openings in a day outside of clinic 
visit days and irrespective of the overall proportion of 
missed doses (online supplemental figure S4).

Comparison between electronic monitoring and pill counts
A higher percentage of participants took all 168 doses of 
their treatment according to the pill counts (125/198, 
63.1%) versus the pillbox (68/198, 34.3%) (online supple-
mental figure S3). Moderate agreement was observed 
between the pill count and main missed dose variable 
from the pillbox (68.7% agreement, kappa=0.46) and 
between the pill count and the sensitivity analysis missed 
dose variable (68.2% agreement, kappa=0.39). The agree-
ment was better between pill count and main missed dose 
variable from the pillbox at an 80% threshold of doses 
taken (93.9% agreement, kappa=0.60) and between the 
pill count and the sensitivity analysis missed dose variable 
(92.9% agreement, kappa=0.50).

Temporal variability in factors leading to missed doses
The reasons reported by participants for missed dose 
periods are charted in figure 4 and also in lasagna plots 
(online supplemental figure S5). One hundred and six 
participants reported a reason for a missed dose period 
over the study period; this changed by month, with the 

Figure 2 Relative contribution of early discontinuation versus sporadically missed doses over time using (A) the main 
missed doses variable and (B) the sensitivity analysis missed dose variable (N=198). Sporadic missed doses (light grey), early 
discontinuation (dark grey).
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highest number of participants reporting reasons in 
the first, fourth and last month of treatment (figure 4). 
Across time, the combined reason of inconvenience/
forgot as well as forgetting alone was common among 
the pool of reasons (ranging between 41.2% and 69.7% 
of reasons given per month). Unable/lack of support/
forgot as a combined reason was most dominant in 
month 1 (58.8%). Further details provided by partici-
pants indicated that family responsibilities (including 
taking care of sick relatives), attending funerals, travel 
and homelessness underlay the inconvenience of dose- 
taking/being unable to take doses. Feeling well (always 
reported in combination with other factors) was less 
commonly present within the pool of reasons for missed 
dose periods than feeling unwell/side effects.

Median gap length for each major grouping of reasons 
did not vary substantially by reason (online supplemental 
table S2), but wider ranges were associated with forget-
ting to take a dose, inconvenience and being unable/a 
lack of support.

DISCUSSION
In this study of missed doses of anti- TB treatment in 
a cohort of individuals in the north of Tanzania, we 
observed extensive variability over time, both in terms of 
the patterns of missed doses and the reasons for these 
patterns. Most participants experienced brief, infrequent 
lapses (sporadic missed doses) across the treatment 
course and a subset ceased treatment early (early discon-
tinuation), predominantly during the continuation 

phase. It was the latter that led to increases in the propor-
tion of participants that missed any given dose of treat-
ment as time progressed. Switches between morning and 
evening dosing of medication were observed, as well as 
more erratic time changes within a day. Where reasons 
for missed dose patterns were given, inconvenience and 
forgetting were common; these were also two of the 
reasons associated with the longest missed dose periods.

To date, few studies have examined missed dose patterns 
dose- by- dose for anti- TB treatment. In a previous study 
using data from the control arm of an intervention trial 
to improve adherence in China, patterns were also found 
to be complex, with missed doses accruing over time.17 
The study highlighted the importance of temporal events 
(weekends, holidays, the transition between the initiation 
and continuation phases of treatment) as factors influ-
encing missed doses and, similarly to our work, found a 
preponderance of short sporadic missed dose gaps. In 
a retrospective study among individuals with multidrug- 
resistant TB in the Philippines, the median length of a 
sporadic missed dose period was 1.4 days (ranging from 
1 to 37)—similar to the DS- TB population in this study—
and the importance of the length of sporadic missed 
dose periods on the risk of poor treatment outcomes was 
highlighted.18

Although the literature is rich in quantitative and qual-
itative studies examining risk factors for missed doses, in 
this study, we have additionally sought to map reasons 
for missed doses to specific missed dose patterns. Exam-
ining individual’s data in detail, we found disruptions to 

Figure 3 Missed dose gaps among those with sporadic missed doses (N=110). Scatter plot of the median (A) and maximum 
(B) length of gaps for an individual against the number of gaps of any length for an individual, using the main missed dose 
variable.
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daily routines from taking medication and clashes with 
work commitments to derail dose- taking, and sometimes 
the use of ‘pocket doses’ as a workaround. This fits with 
preceding work on the difficulties that individuals have 
integrating their TB diagnosis and treatment into their 
day- to- day lives.9 19 These findings align with the wider 
literature, where stigma, psychological distress and socio-
economic barriers have been identified as major obsta-
cles to dose- taking. Stigma, as highlighted by Nabaziwa 
et al, deters patients from seeking treatment and inte-
grating medication into their routines,20 while Chen et 
al emphasised the importance of societal support for 
dose- taking.21 Psychological distress, such as anxiety and 

depression, correlates with missed doses,22 23 and socio-
economic challenges like transportation costs further 
complicate consistent treatment.24 25 Throughout, it is 
clear that the factors influencing dose- taking dynamically 
fluctuate over time, posing challenges to patients and 
healthcare providers alike. Our dataset is also unique in 
examining individuals altering the timings of their doses 
within a day.

The strengths of our study include the use of two dose- 
taking measures (pillboxes and pill counts), one of which 
provided dose- by- dose data. Importantly, we were able to 
obtain information on ‘pocket doses’ (and from other 
data sources) to adjust the data from the pillboxes, where 

Figure 4 Reasons for missed doses across the treatment period. The reasons for periods of missed doses (sporadic or early 
discontinuation) were reported for up to three missed dose periods per month by the participant. Numbers in circles indicate 
the number of periods that occurred for that reason (or group of reasons) within a month. Multiple missed dose periods can 
be attributed to a participant in a particular month. If the missed dose period spanned more than 1 month, it was reported 
across both months. Main missed dose variable used; missed dose periods explained by pocket doses not included within 
the figure. A total of 106 participants reported at least one reason for missed doses across the treatment period.
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necessary. Further, the use of the pillboxes allowed us to 
examine changes in dose timings during a day, and we 
were able to collect data on the reasons driving different 
missed dose patterns. Our cohort includes individuals 
with a series of comorbidities (such as diabetes, malnu-
trition, HIV and silicosis). Vice versa, our exclusion of 
individuals who lived far from the clinic placed limits 
on generalisability, given their potential to have lower 
dose- taking. Selection bias arising from individuals not 
consenting to the study may have led to an underestima-
tion of how common it is to miss doses, if those individ-
uals were more likely to do so. We may have influenced 
adherence patterns due to (1) the daily reminders to 
take medication during the first 2 weeks of treatment and 
(2) the monthly discussions with participants about their 
adherence patterns.26 27 Data captured from the pillboxes 
likely reflect both adherence behaviours and engagement 
with the device.28 We captured data on reasons for missed 
dose periods for up to three periods a month; capturing 
data for all missed dose periods would have provided a 
more complete dataset.

Further work examining dose- by- dose missed dose 
patterns in different settings, the reasons that drive them 
and their impact on blood and lesion drug levels would 
be beneficial. Scientific advances to generate a gold stan-
dard tool for adherence monitoring would be hugely 
helpful in both research and clinical terms. How non- 
adherence manifests (including dose- by- dose) in normal 
patient populations towards the modern anti- TB regimens 
such as the rifapentine- moxifloxacin DS- TB regimen29 
is unknown; this contributed to the conditional recom-
mendation of this regimen by the WHO.2 Without these 
pieces of the puzzle, it is difficult to design effective inter-
ventions to boost dose- taking, which will likely require 
elements of tailoring towards individual patients. Within 
the context of this setting, the widespread use of family 
members as DOT supporters reflected the national stan-
dard of care under NTLP guidelines. While this model 
offers practical advantages in terms of accessibility and 
social support, it may also introduce variability in DOT 
quality, depending on the training, engagement and 
resources available to family supporters. There may be an 
opportunity to strengthen this model by providing struc-
tured education, supportive supervision and potentially 
integrating digital adherence tools to assist treatment 
supporters. Evidence on alternative, digital, interven-
tions that improve adherence and treatment outcomes 
in low- income settings is currently minimal.30

Missing doses of anti- TB treatment is temporally 
complex and not easily summarised across an individual’s 
treatment course. As well as arising from the difficulties 
that patients have fitting their TB diagnosis and treat-
ment into their day- to- day lives, missing doses is driven by 
life events that arise spontaneously and fluctuate across 
the treatment course. This makes predicting at baseline 
which individuals will experience issues adhering to their 
treatment inherently difficult. Variability in how missed 
doses manifest and their drivers further emphasises 

the need for targeted interventions to improve patient 
outcomes.

Acknowledgements We would like to thank Mary Flook for her help with 
coordinating the study and her comments and insights on the initial findings. We 
are very grateful to the participants who took part in the study.

Contributors HRS conceptualised the research. HRS, SM and AL designed the 
methodology. KSM and LT acquired the data. PP and HRS undertook the formal 
analysis. All authors interpreted the data. LT, KSM and PP drafted the manuscript 
with help from HRS. All authors reviewed and edited the manuscript, revising it 
critically for important intellectual content. All authors gave final approval of the 
version to be published and agree to be accountable for all aspects of the work. HS 
is the guarantor of the study.

Funding This work was funded by the UK Medical Research Council (MRC) (MR/
R008345/1).

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication Not applicable.

Ethics approval This study was ethically approved by the Edinburgh Medical 
School Research Ethics Committee (21- EMREC- 039), National Institute for Medical 
Research Tanzania (initial reference number NIMR/HQ/R.8a/Vol. IX/3866), and 
Kibong’oto Infectious Diseases Hospital – Nelson Mandela African Institution of 
Science and Technology – Centre for Educational Development in Health, Arusha 
(KIDH- NM- AIST- CEDHA) (KNCHREC 00053/04/2021). Participants gave informed 
consent to participate in the study before taking part.

Provenance and peer review Not commissioned; internally peer reviewed.

Data availability statement Data are available upon reasonable request. The 
dataset generated will be made available on responsible request from https:// 
datacompass.lshtm.ac.uk/. Potential users should contact HRS for access and 
acknowledge the data source in all subsequent publications, presentations and 
reports.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Proma Paul http://orcid.org/0000-0003-0258-1040
Helen R Stagg http://orcid.org/0000-0003-4022-3447

REFERENCES
 1 Global tuberculosis report 2023. Geneva World Health Organization; 

2023.
 2 WHO Consolidated Guidelines on Tuberculosis. Module 4: treatment 

- drug- susceptible tuberculosis treatment. 1st ed. Geneva: World 
Health Organization, 2022.

 3 Stagg HR, Flook M, Martinecz A, et al. All nonadherence is equal but 
is some more equal than others? Tuberculosis in the digital era. ERJ 
Open Res 2020;6:00315–2020. 

 4 Huddart S, Geocaniga- Gaviola DM, Crowder R, et al. Adherence 
trajectory as an on- treatment risk indicator among drug- resistant TB 
patients in the Philippines. PLoS ONE 2022;17:e0277078. 

 5 Law S, Fulcher I, Franke MF, et al. Classifying adherence trajectories: 
an innovative tool for regimen development. Poster Presentation 
(EP- TBS- 80); 2020.

 6 Walker EF, Flook M, Rodger AJ, et al. Quantifying non- adherence 
to anti- tuberculosis treatment due to early discontinuation: a 

B
M

J O
pen R

espiratory R
esearch: first published as 10.1136/bm

jresp-2024-003088 on 31 July 2025. D
ow

nloaded from
 https://bm

jopenrespres.bm
j.com

 on 14 A
ugust 2025 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

https://datacompass.lshtm.ac.uk/
https://datacompass.lshtm.ac.uk/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-0258-1040
http://orcid.org/0000-0003-4022-3447
http://dx.doi.org/10.1183/23120541.00315-2020
http://dx.doi.org/10.1183/23120541.00315-2020
http://dx.doi.org/10.1371/journal.pone.0277078


10 Tuwabunze L, et al. BMJ Open Respir Res 2025;12:e003088. doi:10.1136/bmjresp-2024-003088

Open access

systematic literature review of timings to loss to follow- up. BMJ 
Open Respir Res 2024;11:e001894. 

 7 Dixon EG, Rasool S, Otaalo B, et al. No action is without its 
side effects: Adverse drug reactions and missed doses of 
antituberculosis therapy, a scoping review. Brit J Clinical Pharma 
2024;90:313–20. 

 8 Sabaté E. Adherence to long- term therapies: evidence for action. 
Geneva: World Health Organization, 2003.

 9 Arakelyan S, Karat AS, Jones ASK, et al. Relational Dynamics of 
Treatment Behavior Among Individuals with Tuberculosis in High- 
Income Countries: A Scoping Review. Patient Prefer Adherence 
2021;15:2137–54. 

 10 Appiah MA, Arthur JA, Gborgblorvor D, et al. Barriers to tuberculosis 
treatment adherence in high- burden tuberculosis settings in Ashanti 
region, Ghana: a qualitative study from patient’s perspective. BMC 
Public Health 2023;23:1317. 

 11 Kielmann K, Vidal N, Riekstina V, et al. “Treatment is of primary 
importance, and social assistance is secondary”: A qualitative 
study on the organisation of tuberculosis (TB) care and patients’ 
experience of starting and staying on TB treatment in Riga, Latvia. 
PLoS ONE 2018;13:e0203937. 

 12 Minstry of Health Community Development, Gender, Eldery and 
Children. Manual for management of tuberculosis and leprosy in 
Tanzania. The United Republic of Tanzania, 2020.

 13 National Collaborating Centre for Primary Care (UK). Medicines 
adherence: involving patients in decisions about prescribed 
medicines and supporting adherence. London: Royal College of 
General Practitioners (UK), 2009.

 14 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture 
(REDCap)—A metadata- driven methodology and workflow process 
for providing translational research informatics support. J Biomed 
Inform 2009;42:377–81. 

 15 Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: 
Building an international community of software platform partners.  
J Biomed Inform 2019;95:103208. 

 16 Vrijens B, De Geest S, Hughes DA, et al. A new taxonomy for 
describing and defining adherence to medications. Br J Clin 
Pharmacol 2012;73:691–705. 

 17 Stagg HR, Lewis JJ, Liu X, et al. Temporal Factors and Missed 
Doses of Tuberculosis Treatment. A Causal Associations Approach 
to Analyses of Digital Adherence Data. Annals ATS 2020;17:438–49. 

 18 Podewils LJ, Gler MTS, Quelapio MI, et al. Patterns of treatment 
interruption among patients with multidrug- resistant TB (MDR TB) 

and association with interim and final treatment outcomes. PLoS 
One 2013;8:e70064. 

 19 Karat AS, Jones ASK, Abubakar I, et al. “You have to change 
your whole life”: A qualitative study of the dynamics of treatment 
adherence among adults with tuberculosis in the United Kingdom.  
J Clin Tuberc Other Mycobact Dis 2021;23:100233. 

 20 Nabaziwa J, Kigongo E, Kabunga A, et al. Adherence to Tuberculosis 
Treatment and Its Associated Factors among Drug- susceptible 
Tuberculosis Patients in Lira District, Northern Uganda. IJARBSS 
2023;13:307–17. 

 21 Chen X, Du L, Wu R, et al. The effects of family, society and national 
policy support on treatment adherence among newly diagnosed 
tuberculosis patients: a cross- sectional study. BMC Infect Dis 
2020;20:623. 

 22 Theron G, Peter J, Zijenah L, et al. Psychological distress and its 
relationship with non- adherence to TB treatment: a multicentre 
study. BMC Infect Dis 2015;15:253. 

 23 Anye LC, Agbortabot Bissong ME, Njundah AL, et al. Depression, 
anxiety and medication adherence among tuberculosis patients 
attending treatment centres in Fako Division, Cameroon: cross- 
sectional study. BJPsych Open 2023;9:e65. 

 24 Ibrahim LM, Hadejia IS, Nguku P, et al. Factors associated with 
interruption of treatment among pulmonary tuberculosis patients in 
Plateau State, Nigeria, 2011. Pan Afr Med J 2011;17. 

 25 Adane AA, Alene KA, Koye DN, et al. Non- adherence to anti- 
tuberculosis treatment and determinant factors among patients with 
tuberculosis in northwest Ethiopia. PLoS One 2013;8:e78791. 

 26 Mayo E. The human problems of an industrial civilization. London: 
Routledge, 2003.

 27 Roethlisberger FJ, Dickson WJ. Management and the worker. 
Oxford, England: Harvard Univ. Press, 1939.

 28 Fielding KL, Subbaraman R, Khan A, et al. The use of digital 
technologies in adherence to anti- tuberculosis treatment. In: Pinnock 
H, Poberezhets V, Drummond D, eds. Digital respiratory healthcare. 
Sheffield, United Kingdom: European Respiratory Society, 
2023: 170–84.

 29 Dorman SE, Nahid P, Kurbatova EV, et al. Four- Month Rifapentine 
Regimens with or without Moxifloxacin for Tuberculosis. N Engl J 
Med 2021;384:1705–18. 

 30 Jerene D, van Kalmthout K, Levy J, et al. Effect of digital adherence 
technologies on treatment outcomes in people with drug- susceptible 
tuberculosis: four pragmatic, cluster- randomised trials. The Lancet 
2025;405:1155–66. 

B
M

J O
pen R

espiratory R
esearch: first published as 10.1136/bm

jresp-2024-003088 on 31 July 2025. D
ow

nloaded from
 https://bm

jopenrespres.bm
j.com

 on 14 A
ugust 2025 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

http://dx.doi.org/10.1136/bmjresp-2023-001894
http://dx.doi.org/10.1136/bmjresp-2023-001894
http://dx.doi.org/10.1111/bcp.15908
http://dx.doi.org/10.2147/PPA.S313633
http://dx.doi.org/10.1186/s12889-023-16259-6
http://dx.doi.org/10.1186/s12889-023-16259-6
http://dx.doi.org/10.1371/journal.pone.0203937
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1111/j.1365-2125.2012.04167.x
http://dx.doi.org/10.1111/j.1365-2125.2012.04167.x
http://dx.doi.org/10.1513/AnnalsATS.201905-394OC
http://dx.doi.org/10.1371/journal.pone.0070064
http://dx.doi.org/10.1371/journal.pone.0070064
http://dx.doi.org/10.1016/j.jctube.2021.100233
http://dx.doi.org/10.1016/j.jctube.2021.100233
http://dx.doi.org/10.6007/IJARBSS/v13-i4/16861
http://dx.doi.org/10.1186/s12879-020-05354-3
http://dx.doi.org/10.1186/s12879-015-0964-2
http://dx.doi.org/10.1192/bjo.2023.42
http://dx.doi.org/10.11604/pamj.2014.17.78.3464
http://dx.doi.org/10.1371/journal.pone.0078791
http://dx.doi.org/10.1056/NEJMoa2033400
http://dx.doi.org/10.1056/NEJMoa2033400
http://dx.doi.org/10.1016/S0140-6736(24)02847-2

	Temporal complexity in missed doses of rifampicin-­sensitive anti-­tuberculosis treatment: a prospective cohort study in Tanzania
	Abstract
	Background﻿﻿
	Methods
	Study design and setting
	Participants
	Missed dose (non-adherence) measurement
	Electronic data capture (pillboxes)
	Monthly pill count

	Missed dose data coding
	Electronic data capture

	Reasons for missed dose patterns
	Collection of other study data
	Statistical analysis
	Missed dose patterns from pillboxes
	Reasons for missed doses
	Comparison between missed dose data from pillboxes and monthly pill count
	Patterns in timings for dose taken

	Patient and public involvement

	Results
	Participants
	Patterns ﻿﻿of﻿﻿ missed doses
	Timings of doses taken
	Comparison between electronic monitoring and pill counts
	Temporal variability in factors leading to missed doses

	Discussion
	References


