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ABSTRACT
Introduction  Tuberculosis (TB) treatment interruption 
remains a critical challenge leading to poor treatment 
outcomes. Two-thirds of global new TB cases are mostly 
contributed by Asian countries, prompting systematic 
analysis of predictors for treatment interruption due to the 
variable findings.
Methods  Articles published from 2012 to 2021 
were searched through seven databases. Studies 
that established the relationship for risk factors of TB 
treatment interruption among adult Asian were included. 
Relevant articles were screened, extracted and appraised 
using Joanna Briggs Institute’s checklists for cohort, 
case–control and cross-sectional study designs by 
three reviewers. Meta-analysis was performed using the 
random effect model in Review Manager software. The 
pooled prevalence and predictors of treatment interruption 
were expressed in ORs with 95% CIs; heterogeneity was 
assessed using the I

2 statistic. The publication bias was 
visually inspected using the funnel plot.
Results  Fifty eligible studies (658 304 participants) from 
17 Asian countries were included. The overall pooled 
prevalence of treatment interruption was 17% (95% CI 
16% to 18%), the highest in Southern Asia (22% (95% 
CI 16% to 29%)), followed by Eastern Asia (18% (95% CI 
16% to 20%)) and South East Asia (16% (95% CI 4% to 
28%)). Seven predictors were identified to increase the 
risk of treatment interruption, namely, male gender (OR 
1.38 (95% CI 1.26 to 1.51)), employment (OR 1.43 (95% 
CI 1.11 to 1.84)), alcohol intake (OR 2.24 (95% CI 1.58 
to 3.18)), smoking (OR 2.74 (95% CI 1.98 to 3.78)), HIV-
positive (OR 1.50 (95% CI 1.15 to 1.96)), adverse drug 
reactions (OR 2.01 (95% CI 1.20 to 3.34)) and previously 
treated cases (OR 1.77 (95% CI 1.39 to 2.26)). All 
predictors demonstrated substantial heterogeneity except 
employment and HIV status with no publication bias.
Conclusion  The identification of predictors for TB 
treatment interruption enables strategised planning and 
collective intervention to be targeted at the high-risk 
groups to strengthen TB care and control in the Asia region.

INTRODUCTION
Worldwide, tuberculosis (TB) is the 13th 
leading cause of death and the second 

leading infectious killer after the outbreak 
of the COVID-19 pandemic in the early year 
2020.1 Although there has been a downward 
trend in TB incidence from 2015 to 2020, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Tuberculosis (TB) is an infectious disease that remains 

one of the leading public health threats with two-thirds of 
global new cases mostly contributed by Asian countries.

	⇒ Interruptions throughout the treatment period jeopardise 
the treatment outcomes that lead to widespread com-
munity transmission, the emergence of drug-resistant 
cases and mortality despite the effective therapy.

	⇒ Many studies were conducted in Asian countries to ex-
plore the potential factors, leading to TB treatment inter-
ruption but generated variable and inconsistent findings.

WHAT THIS STUDY ADDS
	⇒ This is the first systematic review and meta-analysis 

that established pooled estimates of the predictors with 
regards to TB treatment interruption in the Asia region 
based on collective results from 50 studies in 17 coun-
tries over 10 years from 2012 to 2021.

	⇒ It systematically concluded seven significant predictors 
associated with increased risk of TB treatment interrup-
tion, namely, male gender, employment, alcohol intake, 
smoking, HIV-positive, adverse drug reactions and pre-
viously treated TB cases.

	⇒ The issue of early treatment interruption in the Asia re-
gion was also highlighted as shown by the higher prev-
alence of 28% when compared with 10% as per ‘lost to 
follow-up’ WHO criteria.

	⇒ Potentially alarming regions were Southern, Eastern and 
South East Asia regions.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The identification of high-risk groups enables height-
ened vigilance from the beginning of therapy to prevent 
treatment interruption with the eventual achievement of 
successful outcomes.

	⇒ This could assist in regional interventional strategies 
planning and extend as a collaborative strategy to 
optimise TB management and strengthen TB control 
worldwide.

http://gh.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2022-010592&domain=pdf&date_stamp=2023-01-17
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TB mortality has increased to approximately 1.5 million 
in 2020 during the COVID-19 pandemic, returning to 
its 2017 level.1 The unprecedented global pandemic 
had tarnished the hard gains in combating TB thus far, 
risking patients with TB due to disruptions to services 
and optimum management.

According to the WHO report in 2020, six out of eight 
TB-burdened countries accounted for two-thirds of 
global TB cases are located in Asia: India, China, Indo-
nesia, Philippines, Pakistan and Bangladesh.1 Despite its 
high endemic problem, TB is curable and preventable. 
The standard TB treatment requires a minimum dura-
tion of 6 months for drug-susceptible cases, while the 
overall duration can span up to 2 years in drug-resistant 
cases.2 The lengthy therapy is, thus, the main challenge 
in ensuring therapy adherence, which is the cornerstone 
of successful TB treatment outcomes.3 Treatment inter-
ruption, default or non-adherence is complex, dynamic 
and attributed to many inter-related causes. Apart from 
treatment-related factors, other factors such as social-
demographic, cultural, economic burden, patient’s 
knowledge, attitudes and beliefs, family, community and 
health system support are among the factors that could 
affect adherence status.4 5 As the influences of these risk 
factors differ across regions, countries and populations, 
many studies were conducted globally to understand the 
various aspects of treatment interruptions ranging from 
its aetiology to interventions, especially in high TB prev-
alence countries.4–6

Issues of early treatment interruption 2 weeks or more 
during the intensive phase have always been a concern 
among TB treatment providers as it warrants treatment 
to be restarted.7 However, WHO is advocating inter-
ruption of at least 2 consecutive months as per ‘lost to 
follow-up’ treatment outcome, which is rather a huge 
gap between early treatment interruption and outcome 
assessment.8 Knowing the risk of early treatment inter-
ruption, which can lead to unfavourable treatment 
outcomes, numerous studies have been conducted in an 
attempt to address the problems in the early treatment 
phase.9 10

Resulting from treatment interruption, a 10-fold 
increase in poor outcomes accounted for treatment 
failure mostly was reported.9 As TB is highly conta-
gious, it poses a substantial threat to the health of the 
nation, given the greater risk to acquire drug resistance 
among the defaulters.11 This imposed high treatment 
costs, increased morbidity and mortality with the emer-
gence of drug-resistant strains.12 The vicious cycle will 
never end as long as TB treatment interruption remains 
unresolved.

Given the high TB burden in the Asia region and 
considerable detrimental impacts of treatment interrup-
tion, there is a dire need to analyse systematically the 
prevalence and risk factors of TB treatment interruption, 
which varied across studies. This could assist in formu-
lating tailored intervention strategies in the regional 
context to better manage treatment interruption issues.

METHODS
Protocol development
A systematic review and meta-analyses were conducted by 
reviewing studies of TB treatment interruption in the Asia 
region. The review protocol was registered in the Interna-
tional Prospective Register of Systematic Review (PROS-
PERO) on 5 February 2022 bearing the registration 
number CRD42022295732. Each section in this article 
was reported according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guideline.13

Study design
This review included primary quantitative studies. As 
factors with regards to TB treatment interruption were 
being assessed, only observational studies with the 
cohort, case–control and cross-sectional study design 
were reviewed. According to the NHMRC hierarchy of 
evidence with aetiology as the research question, prospec-
tive cohort, retrospective cohort, case–control and cross-
sectional studies were ranked as levels II, III-2, III-3 and 
IV, respectively.14

Eligibility criteria
The eligibility criteria were delineated and classified 
based on the PECO acronym (Population, Exposure, 
Comparator, Outcome).

Population
Adult Asians on TB treatment with treatment interrupters 
forming a subset of the study population were included. 
Studies that focused solely on retreatment cases, latent 
TB, extrapulmonary TB and drug-resistant TB were not 
accounted for, given the complexity of the illness, substan-
tial variation in the treatment regimen and/or treatment 
courses could potentially affect treatment adherence, 
which was the main outcome of interest in this review. 
Although pulmonary TB was the main focus of this study, 
studies with heterogeneous populations such as pulmo-
nary with extrapulmonary TB, drug-sensitive with drug-
resistant TB and studies with a combined cohort of chil-
dren and adults were included.

Exposure
The exposure was risk factors of TB treatment inter-
ruption such as social demographic characteristics, life-
style factors, comorbidities, disease or treatment-related 
factors.

Comparator
Patients without risk exposure served as the comparator 
in the included studies.

Outcome measures
This review was focusing on TB treatment interruption, 
which was defined as the discontinuation of medications, 
clinic visits or follow-ups either consecutively or non-
consecutively throughout the treatment period. There 
should be an association or relationship of treatment 
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interruption established in the studies with regards to 
the factors being investigated. Apart from predictive 
factors, the prevalence of treatment interruption based 
in different Asia regions was also analysed.

Search strategy
Articles were comprehensively searched through Ovid 
MEDLINE, Embase, CINAHL, Scopus and Web of 
Science databases that were published over the past 10 
years from January 2012 to December 2021. Grey litera-
ture was searched using Google-Advanced (first 100 arti-
cles) and ProQuest Dissertations and Theses Global data-
bases. References of identified articles were also screened 
to retrieve other potential studies that fulfilled the eligi-
bility criteria. The PECO acronym was used to develop 
the key terms. The terms were: tuberculosis, factors, deter-
minants, predictors, treatment interruption, treatment default, 
adherence, non-adherence and treatment outcome. The combi-
nation of the terms via Boolean operators “OR” or “AND” 
were used during the search process adapted to each 
electronic database (online supplemental table S1).

Data screening and extraction
All records identified through research databases were 
exported to EndNote to remove duplicates. The first 
screening was done based on the title and abstract by the 
first reviewer (ALO). Full-text reviews of the included 
studies were then conducted thoroughly to assess the 
fulfilment of the eligibility criteria. Non-English articles 
were translated using Google Translate. Non-eligible 
studies were excluded during the full-text review process 
with explicit reasons stated.

The data such as author, year of publication, study 
design, geographical location, population characteristic, 
risk factor, number of subjects with treatment interrup-
tion, the total number of subjects included in the study 
and duration of treatment interruption were extracted 
in the standardised Excel spreadsheet. The risk factors 
recorded in binary outcomes encompassed sociodemo-
graphic (gender, age, marital, education and employ-
ment status and location of residence (urban vs rural)), 
lifestyle factors (alcohol intake and smoking status), 
commonly reported comorbidities (HIV and diabetes) 
and disease-related and treatment-related factors (types 
of TB cases, site of TB infection, sputum smear at base-
line and adverse drug reactions (ADRs)). Both data 
screening and extraction were verified by the second 
reviewer (MM-B). In case there were disagreements, the 
third reviewer (FI) was consulted to solve for consensus 
which was regarded as the final decision.

Methodological quality assessment
The methodological quality assessment of included 
studies was carried out by two reviewers (ALO and MM-B) 
independently using Joanna Briggs Institute’s (JBI) crit-
ical appraisal checklist. The discrepancies were resolved 
on discussions or seeking an opinion from the third 
reviewer (FI). The checklists for cohort, case–control and 

cross-sectional studies comprised 11, 10 and 8 questions, 
respectively.15 The possible answers were ‘yes’, ‘unclear’, 
‘no’ or ‘not applicable’ with one mark allocated for the 
fulfilment of each criterion or a zero mark otherwise. 
The total scoring was summed up in percentages to serve 
as a comparison to examine the methodological quality 
of the studies.

Data synthesis and analysis
The meta-analysis was performed using Review Manager 
software V.5.4 (Nordic Cochrane Centre). The prev-
alence for each study was derived from the number of 
subjects with treatment interruption to the total number 
of subjects included in the study. The pooled estimates of 
prevalence and predictors were analysed using the inverse 
variance method with a random effect model to generate 
ORs with 95% CIs. The heterogeneity of the studies was 
assessed using I2 statistic with its categorisation outlined 
as follows: 0–40% (not important), 30–60% (moderate), 
50–90% (substantial) and 75–100% (considerable).16

Subgroup analyses for prevalence were carried out 
based on Asia regions (Southern Asia, Eastern Asia, South 
East Asia, Western Asia and Central Asia) and the dura-
tion of treatment interruption (≥2 months vs minimum<2 
months). Region-based subgroup analyses were also 
conducted for predictors such as gender, marital status, 
and previously treated cases where appropriate. As there 
were substantial variations in the categorisation of age, 
two subgroups (age ≥60 and ≥65) were stratified. Sensi-
tivity analyses were also performed by omitting studies 
with wide variations of the duration of treatment inter-
ruptions versus studies that specifically defined treatment 
interruption of ≥2 months to test whether there were 
substantial changes in the overall effect size for each 
predictor. The publication bias among studies was visu-
ally inspected using the funnel plot. This was performed 
for factors that showed statistically significant results with 
at least 10 studies included in the pooled estimation.

RESULTS
The initial article search generated 9427 records. After 
removing duplicates and initial screening, 74 were eligible 
for full-text review. Out of these, 50 articles that fulfilled 
the eligibility criteria were eventually included for system-
atic review and meta-analysis. PRISMA guideline was 
adopted to present the flow of this review (figure 1). The 
reasons for studies exclusion are summarised in online 
supplemental table S2.

Methodological quality assessment
This review comprised a majority of cohort studies 
(26), followed by cross-sectional (15) and case–control 
studies (9). Based on the JBI critical appraisal checklist 
for three study designs, 48 studies (96%) scored more 
than 60% with non-fulfilment of three criteria or below. 
The remaining two studies did not fulfil five criteria in 
the cross-sectional (3/8, 38%) and cohort (6/11, 55%) 
checklists, respectively. (online supplemental table S3).

https://dx.doi.org/10.1136/bmjgh-2022-010592
https://dx.doi.org/10.1136/bmjgh-2022-010592
https://dx.doi.org/10.1136/bmjgh-2022-010592
https://dx.doi.org/10.1136/bmjgh-2022-010592
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Characteristics of included studies
The 50 eligible studies were conducted in 17 coun-
tries from five regions in Asia. Southern Asia (n=20) 
comprised the most with the majority from India (n=15), 
followed by Eastern Asia (n=15) with the majority from 
China (n=8) and South East Asia (n=7), which was mostly 
contributed by studies from Indonesia (n=4), while the 
remaining of the studies were from Western Asia (n=5) 
and Central Asia (n=3). The total number of participants 
included in this review was 658 304, with approximately 
three-quarters from the Eastern Asia region (n=4 79 986, 
72.9%). There were substantial variations in defining TB 
treatment interruption across the studies, ranging from 
≥1 day to ≥2 months. More than half, 28 out of 50 studies 
considered treatment interruption of ≥2 months based 
on the definition of ‘lost to follow-up’ in assessing TB 
treatment outcome by WHO (table 1).

Prevalence of TB treatment interruption
Thirty-nine studies were accounted for pooled preva-
lence analysis, which included 32 020 treatment inter-
rupters out of 654 872 populations in the study cohorts. 
All case–control studies and one cross-sectional study 
were excluded due to a fixed ratio sampling between 

treatment interrupters and non-interrupters,17–26 while 
another cross-sectional study included all interrupters 
in the study population.27 The overall pooled estimated 
prevalence for the Asia region was 17% (95% CI 16% 
to 18%). The highest pooled prevalence was noted in 
Southern Asia (22% (95% CI 16% to 29%)),28–42 followed 
by Eastern Asia (18% (95% CI 16% to 20%)),43–55 South 
East Asia (16% (95% 4% to 28%)),56–61 Western Asia 
(10% (95% 5% to 15%))62–64 and Central Asia (6% (95% 
CI 5% to 7%)).65 66 (figure 2) Subgroup analysis based 
on the duration of treatment interruption (36 studies, 
excluded non-defined duration of treatment interrup-
tion), demonstrated the pooled prevalence for ≥2 months 
interruption was 10% (95% CI 9% to 11%), which was 
much lower than another subgroup that considered the 
minimum duration of <2 months, 28% (95% CI 20% to 
36%) (online supplemental figure S1).

Predictors associated with TB treatment interruption
Out of 14 potential factors tested, 7 showed significant 
findings as follows, which were presented based on four 
major groupings such as sociodemographic, lifestyle 
factors, comorbidities and disease and treatment-related 
factors.

Sociodemographic factors
Gender
A total of 37 studies were included in the pooled esti-
mation for treatment interruption associated with 
gender. The male gender was more likely to interrupt 
TB treatment as compared with the female gender (OR 
1.38 (95% CI 1.26 to 1.51)) with a significant degree of 
heterogeneity between the studies (I2=79%, p<0.001). 
Region-based pooled estimates showed that male gender 
was consistently more prevalent towards TB treatment 
interruption in the Southern (OR 1.51 (95% CI 1.16 to 
1.95)), Eastern (OR 1.19 (95%CI 1.06 to 1.32)), Western 
(OR 2.29 (95% CI 1.90 to 2.74)) and Central Asia (OR 
1.46 (95% CI 1.20 to 1.77), except South East Asia region 
(table 2, figure 3).

Employment status
Employed TB patients showed a higher risk of treatment 
interruption by 43% as compared with those unemployed 
(OR 1.43 (95% CI 1.11 to 1.84)). No significant hetero-
geneity was observed among the nine studies (I2=23%, 
p=0.24) (table 2, online supplemental figure S2).

Lifestyle factors
Alcohol intake
Alcohol consumption posed an increased risk of TB 
treatment interruption as compared with no alcohol 
intake (OR 2.24 (95% CI 1.58 to 3.18)). There was signif-
icant heterogeneity noted across the 13 studies (I2=58%, 
p=0.004) (table 2, online supplemental figure S3).

Smoking
Patients who were known to be a smoker demonstrated 
a higher risk of experiencing TB treatment interruption 

Figure 1  PRISMA flowchart of the review. PRISMA, 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses.

https://dx.doi.org/10.1136/bmjgh-2022-010592
https://dx.doi.org/10.1136/bmjgh-2022-010592
https://dx.doi.org/10.1136/bmjgh-2022-010592
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Table 1  Characteristics of the included studies based on the Asia region (n=50)

Reference Country Study design Type of TB cases (year) Participants Duration of treatment interruption

Southern Asia (n=20)

Ahmad et al28 India Prospective cohort PTB (2006) 281 ≥1 day

Ahmed et al26 Pakistan Cross-sectional TB (2015) 200 ≥2 months

Babiarz et al29 India Cross-sectional TB 1007 Stop before 25 weeks

Boralingiah et al30 India Prospective cohort TB (2014) 32 Not defined

Chida et al31 Pakistan Retrospective cohort TB (2013) 2120 ≥2 months

Das et al32 India Cross-sectional PTB (2011–2012) 220 Consecutive ≥2 weeks, non-
consecutive >1 month

Hamayun et al33 Pakistan Cross-sectional PTB (2006–2007) 421 ≥1 day

Heemanshu et al34 India Prospective cohort TB (2013–2014) 204 ≥2 months

Kulkarni et al35 India Prospective cohort PTB 156 ≥1 month

Mukhtar et al36 Pakistan Prospective cohort PTB (2013–2014) 614 ≥2 months

Mundra et al37 India Retrospective cohort TB (2014) 510 ≥2 months

Parchure et al38 India Retrospective cohort TB-HIV (2004–2013) 769 ≥2 months

Paunikar et al39 India Retrospective cohort TB (2015) 440 ≥2 months

Ranawaka et al40 Sri Lanka Cross-sectional TB (2017–2018) 252 ≥4 days

Reddy Satti et al19 India Case-control TB-HIV (2010–2012) 240 ≥2 months

Roy et al20 India Case-control PTB (2009–2010) 158 ≥2 months

Shah et al41 India Cross-sectional TB (2009) 426 Not defined

Shameer et al22 India Case-control TB (2014–2015) 141 ≥3 days

Veeramani et al42 India Prospective cohort TB (2014) 282 ≥2 months

Zhou25 India Case-control PTB (2014–2017) 425 ≥2 months

Subtotal 8898

Eastern Asia (n=15)

Bea et al43 Korea Retrospective cohort TB (2017–2018) 987 <80% completion rate

Chen et al44 China Retrospective cohort PTB (2005–2008) 13 691 ≥2 months

Choi et al45 Korea Prospective cohort TB (2005–2012) 551 ≥2 months

Fang et al27 China Cross-sectional PTB (2014) 262 Not defined

Fang et al46 China Cross-sectional PTB (2015) 339 ≥1 day

Gong et al47 China Retrospective cohort PTB (2014–2015) 8289 Fail to complete three sputum smear

Kawatsu et al48 Japan Cross-sectional PTB (2006–2015) 73 591 ≥2 months

Koo et al49 Korea Cross-sectional TB (2015–2017) 102 <95% completion rate

Lei et al50 China Prospective cohort PTB (2012–2013) 481 ≥1 day

Mok et al51 Korea Retrospective cohort TB (2014–2015) 4732 ≥2 months

Park et al18 Korea Case-control TB (2010–2014) 146 ≥2 months

Son et al52 Korea Retrospective cohort TB (2012–2015) 137 901 ≥2 months

Tang et al53 China Cross-sectional PTB (2013–2014) 794 ≥1 day

Zhou et al54 China Cross-sectional PTB (2007–2008) 314 ≥1 day

Zhou et al55 China Retrospective cohort TB (2013–2018) 237 806 ≥2 months

Subtotal 479 986

South East Asia (n=7)

Castillo56 Philippines Cross-sectional PTB (2010) 184 ≥1 day

Farmani et al57 Indonesia Retrospective cohort TB (2011–2012) 644 ≥1 day

Mandakh58 Myanmar Prospective cohort TB (2016) 146 ≥2 months

Ratnasari et al59 Indonesia Cross-sectional TB (2016–2017) 23 Not defined

Ruru et al21 Indonesia Case-control TB (2007–2008) 264 Consecutive ≥2 weeks, non-
consecutive >1 month

Continued



6 Oh AL, et al. BMJ Global Health 2023;8:e010592. doi:10.1136/bmjgh-2022-010592

BMJ Global Health

as compared with non-smokers (OR 2.74 (95% CI 1.98 to 
3.78)). However, significant heterogeneity was observed 
across the 14 studies (I2=66%, p<0.001) (table 2, online 
supplemental figure S4).

Comorbidities
HIV status
TB-HIV coinfection showed 1.5 times higher risk of treat-
ment interruption as compared with negative HIV status 
(OR 1.50 (95% CI 1.15 to 1.96)) with homogeneous data 
in five studies (I2=1%, p=0.4) (table  2, online supple-
mental figure S5).

Disease and treatment-related factors
Types of TB cases
A comparison between new or previously treated TB 
cases demonstrated a higher risk of treatment interrup-
tion among those who were previously treated (OR 1.77 
(95% CI 1.39 to 2.26)). Of note, data were heterogeneous 
among 13 included studies (I2=92%, p<0.001). There was 
no significant association in the subgroup analysis for the 
Southern and Eastern Asia region. However, about 2–4 
times higher risk of treatment interruption was noted 
among previously treated cases in the Western (OR 3.70 
(95% CI 2.34 to 5.85)) and Central Asia regions (OR 2.14 
(95% CI 1.70 to 2.71)) without significant heterogeneity 
(I2=35%) (table 2, online supplemental figure S6).

Adverse drug reactions
Those who experienced ADRs secondary to TB medica-
tions were more likely to discontinue treatment (OR 2.01 
(95% CI 1.20 to 3.34)). Heterogeneous data were noted 
across nine studies (I2=81%, p<0.001) (table  2, online 
supplemental figure S7).

Others
Other factors such as age, marital status, educational 
status, location of residence, diabetes, site of TB infection 
and sputum smear were unable to predict TB treatment 
interruption as shown by the overall pooled or region-
based estimates (table  2, online supplemental figures 
S8–S14).

Sensitivity analysis
Seven predictors from the pooled estimates remained 
significant in sensitivity analyses that omitted studies 
with a wide range of treatment interruption duration 
but rather studies that specifically focused on ≥2 months 
treatment interruption were included. Of note, there 
were no changes in pooled estimates for HIV status and 
the subgroups of Western and Central regions as the 
same studies were accounted for in the initial pooled esti-
mation and sensitivity analysis. The results for South East 
Asia were not estimated as all studies were excluded from 
the sensitivity analysis. (table 2).

Publication bias
Publication bias was visually inspected using funnel plots 
for significant predictors such as gender (figure  4), 
alcohol intake, smoking and previously treated TB cases 
(online supplemental figures S15–S17) that included 
more than 10 studies in the meta-analysis. All the data sets 
showed symmetrical distribution with the studies span-
ning on both sides of the dotted vertical line implying 
minimal publication bias.

DISCUSSION
The fundamental goal of TB management is to ensure 
treatment success to cure the illness and curb disease 

Reference Country Study design Type of TB cases (year) Participants Duration of treatment interruption

Rutherford et al60 Indonesia Prospective cohort TB (2010–2012) 264 ≥2 weeks

Vo et al61 Vietnam Cross-sectional TB (2011–2017) 5502 ≥2 months

Subtotal 7027

Western Asia (n=5)

Adamashvili et al62 Georgia Retrospective cohort PTB (2015–2017) 6696 ≥2 months

Afshari et al17 Iran Case-control TB (2005–2017) 264 ≥2 months

Babalik et al63 Turkey Retrospective cohort PTB (2006–2009) 11 186 ≥2 months

Saleh Jaber et al64 Yemen Prospective cohort TB (2013–2014) 413 ≥2 months

Zhang et al24 Kuwait Case-control PTB (2010–2012) 440 ≥2 months

Subtotal 18 999

Central Asia (n=3)

Gadoev et al66 Uzbekistan Retrospective cohort TB (2006–2010) 107 380 ≥2 months

Gadoev et al65 Uzbekistan Retrospective cohort TB (2005–2020) 35 122 ≥2 months

Wohlleben et al23 Tajikistan Case-control TB (2011–2012) 892 ≥2 months

Subtotal 143 394

Total patients 658 304

PTB, pulmonary tuberculosis; TB, tuberculosis.

Table 1  Continued
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transmission. Nonetheless, interrupted TB treatment 
remains the challenge over decades that prevent successful 
treatment outcome. In the year 2020, India topped the 

global TB incidence (26%), followed by China (8.6%) 
and Indonesia (8.5%),1 which corresponded to our 
review in which these countries contributed more than 

Figure 2  Prevalence of TB treatment interruption in the Asia region (n=39). TB, tuberculosis.
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half (54%) of the included studies. This could plausibly 
explain the extensive studies being carried out in coun-
tries with a long-standing high TB burden to explore the 
contextual underlying treatment interruption issues for 
TB mitigation.

A wide range of duration has been used to define TB 
treatment interruption either by medication adminis-
tration or clinic follow-up. In general, an event where 
a dose of medication is missed by more than 10% is 
considered treatment interruption or non-adherence.67 
However, based on the TB treatment outcome assess-
ment, ‘lost to follow-up’ was defined as interrupting 
treatment for at least 2 consecutive months.8 As such, 
the definitions varied across studies ranging from at least 
1 day to 2 months in this review. The percentage of treat-
ment interruption represented by the ‘lost to follow-up’ 
category among new and relapse TB cases in 2013 was 

around 5% in Asian countries based on the WHO global 
report.68 Nonetheless, a much higher pooled prevalence 
(17%) was noted in this review, which could be due to 
approximately half (44%) of the studies that considered 
minimum treatment interruption of fewer than 2 months, 
thus giving a higher chance of fulfilling the treatment 
interruption criteria. Specifically, looking at the interrup-
tion of ≥2 months as per WHO ‘lost to follow-up’ criteria, 
this review generated pooled prevalence of 10%, which 
was relatively higher than the 5% in the WHO global 
report, but much lower than the 28% that considered 
the minimum interruption of <2 months in this review. 
This was an alarming condition as early treatment inter-
ruption could lead to the subsequent loss of follow-up 
or default as highlighted by Jakubowiak et al.10 A more 
lenient higher default threshold by the WHO could 
create a false sense of complacency, letting the guard 

Table 2  Summary of the predictors of TB treatment interruption

Predictors Studies Participants Odds ratio (95% CI) I2 Sensitivity analysis

Male gender 37 327 282 1.38 (1.26 to 1.51) 79% Remain significant 1.46 (1.30, 1.63)

 � Southern Asia 14 6297 1.51 (1.16 to 1.95) 62% Remain significant 1.34 (1.06, 1.70)

 � Eastern Asia 13 164 757 1.19 (1.06 to 1.32) 67% Remain significant 1.26 (1.05, 1.51)

 � South East Asia 3 536 1.03 (0.51 to 2.08) 49% Not estimated

 � Western Asia 4 12 298 2.29 (1.90 to 2.74) 0% No changes

 � Central Asia 3 143 394 1.46 (1.20 to 1.77) 90% No changes

Age ≥60 or 65 9 156 679 1.15 (0.89 to 1.49) 75% No significant changes 1.07 (0.85, 1.35)

 � Age ≥60 5 17 281 1.13 (0.83 to 1.55) 93% No significant changes 1.17 (0.83, 1.65)

 � Age ≥65 4 139 398 1.09 (0.59 to 2.02) 87% No significant changes 0.92 (0.68, 1.24)

Single/widowed/divorced 15 5293 1.23 (0.91 to 1.67) 77% No significant changes 1.09 (0.70, 1.70)

 � Southern Asia 6 1855 1.09 (0.59 to 2.01) 84% No significant changes 1.11 (0.54, 2.30)

 � Eastern Asia 6 2336 1.24 (0.80 to 1.93) 78% No significant changes 0.79 (0.38, 1.67)

 � South East Asia 1 249 2.21 (0.90 to 5.39) NA Not estimated

 � Western Asia 2 853 1.41 (0.78 to 2.58) 56% No changes

Illiterate 8 2269 1.58 (0.88 to 2.84) 84% No significant changes 1.64 (0.61, 4.41)

Employment 9 2999 1.43 (1.11 to 1.84) 23% Remain significant 1.59 (1.12, 2.28)

Urban residence 8 272 906 0.94 (0.70 to 1.26) 98% No significant changes 0.98 (0.72, 1.32)

Alcohol intake 13 3254 2.24 (1.58 to 3.18) 58% Remain significant 2.46 (1.62, 3.75)

Smoking 14 4092 2.74 (1.98 to 3.78) 66% Remain significant 2.72 (1.77, 4.17)

HIV positive 5 124 824 1.50 (1.15 to 1.96) 1% No changes

Diabetes 7 3265 1.21 (0.77 to 1.90) 75% No significant changes 1.14 (0.67, 1.93)

Previously treated cases 13 142 034 1.77 (1.39 to 2.26) 92% Remain significant 1.83 (1.34, 2.51)

 � Southern Asia 3 2418 1.46 (0.56 to 3.76) 86% No significant changes 0.98 (0.69, 1.39)

 � Eastern Asia 5 19 594 1.33 (0.93 to 1.90) 88% Significant changes 1.52 (1.32, 1.74)

 � Western Asia 3 11 862 3.70(2.34 to 5.85) 35% No changes

 � Central Asia 2 108 160 2.14 (1.70 to 2.71) 35% No changes

PTB 12 193 863 1.18 (0.98 to 1.42) 81% No significant changes 1.09 (0.91, 1.29)

Positive sputum smear 12 215 903 0.95 (0.78 to 1.16) 95% No significant changes 1.04 (0.83, 1.31)

Adverse drug reaction 9 2760 2.01 (1.20 to 3.34) 81% Remain significant 2.18 (1.02, 4.69)

PTB, pulmonary tuberculosis; TB, tuberculosis.
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down among treatment providers to tackle interruption 
in the early treatment phase.

Gender-related disparities have been a known limiting 
factor for TB care and control. The differences in barriers 
experienced by women and men affect the responses to 

treatment that hinder early detection, diagnosis, treat-
ment initiation and completion.69 The TB treatment 
success was noted as 20% higher among women in a meta-
analysis that included studies worldwide.70 In contrast, 
gender, however, did not affect TB treatment outcomes 

Figure 3  Pooled estimate of the male gender as a predictor of TB treatment interruption. TB, tuberculosis.
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in the African region.71 In this study, treatment interrup-
tion was more prevalent among men in all Asia regions 
except South East Asia. One reason for the higher treat-
ment interruptions among men is that, in most cultures, 
men are breadwinners, and their busy lifestyle could have 
led to less time for treatment follow-up, despite having 
better access to TB treatment compared with women.72 
The fear of losing jobs and incomes among those that are 
employed could be the main reason for defaulting long-
term follow-up,28 34 which could also suggest employment 
as a significant predictor of TB treatment interruption.

Unhealthy lifestyles such as alcohol intake and 
smoking were shown to have an increased risk of treat-
ment interruption in our meta-analysis. It was reported 
that non-alcoholics and non-smokers had 1.5 to 2 times 
higher probability of treatment success.70 This implied 
the detrimental effects of alcohol consumption and 
smoking on the overall TB treatment. The possible expla-
nation was related to nausea and vomiting with excessive 
alcohol consumption, coupled with poor appetites and 
nutritional status among alcoholics, which resulted in 
patients stopping their medication leading to unfavour-
able outcomes.34 While smoking was shown to be the key 
contributor to defaulting treatment, it remains uncertain 
as to why the risk was higher among smokers than non-
smokers. The engagement in unhealthy lifestyles was 
postulated as an excuse to rationalise other unhealthy 
practices which were shown by lower medication adher-
ence, disease screening and reactive towards healthcare 
utilisation with more emergency versus primary care 
visits.73

TB-HIV coinfection has always been a concern as the 
double whammy increased mortality.74 In our review, 
patients with TB-HIV coinfection were shown to have 1.5 
times greater risk of treatment interruption as compared 
with HIV-negative status. A similar risk of unsuccessful 
treatment outcome was also noted among TB-HIV 
coinfected patients in Africa,71 while Chaves Torres et 
al reported HIV-negative patients were two times more 
likely to be successfully treated.70 The management of 
TB-HIV coinfection posed a great challenge due to the 

complexity of the illness and medications that increased 
the likelihood of treatment-related problems.

Another great challenge in TB management was the 
occurrence of ADRs that led to treatment interruption.75 
This was proven in our study, which revealed an increased 
probability of treatment interruption among those who 
experienced ADRs during the treatment period, which 
was concordant with a review in Ethiopia.76 In a global 
scenario, a wide range (8%–85%) of ADRs was reported 
among those who received first-line TB medications.77 
Close monitoring with early detection and management 
of side effects, especially during the intensive treatment 
phase, is of utmost importance to prevent the progres-
sion towards severe adverse reactions, morbidity and 
mortality.77 78 Apart from ADRs, previously treated cases 
were also shown to be a predictive factor of treatment 
interruption as compared with newly diagnosed cases in 
the Asia region. This was in concordance with another 
study from Africa that showed significant 1.5 times 
higher risk of unsuccessful treatment outcomes among 
the previously treated cases.71 As such, counselling on 
TB treatment and follow-up shall be strengthened in 
TB management to prevent treatment interruption and 
ensure eventual treatment success.

Limitations
Given the variabilities in study designs, methodology and 
duration of treatment interruption, considerable high 
heterogeneity as denoted by pooled analyses of preva-
lence and predictors was observed. As such, the magni-
tude and degree of the significant predictors (except 
employment and HIV status) were not expressed numer-
ically, but rather the direction of the predictors’ influ-
ences was reported. The random-effect model was, thus, 
selected in the meta-analysis that considered the varia-
tion of effect sizes across the studies.

Besides, the unstandardised categorisation of risk 
factors across the studies, for example, age, education 
level and income status, and the absence of the number 
of events in both risk exposure and non-exposure groups 
rendered studies to be excluded from the meta-analyses.

Strengths
Despite the limitations, this is the first systematic review 
and meta-analysis on the Asian population focusing 
solely on treatment interruption rather than unsuc-
cessful treatment outcomes that incorporated default 
or loss to follow-up as one of the combined endpoints. 
Therefore, the identified predictive factors via pooled 
estimation from various studies in the Asia region could 
serve as a reliable reference to identify potential high-
risk groups for treatment interruption. This information 
is particularly useful for regional interventional strategy 
planning for TB control. In addition, the findings which 
were in concordance with other regions could also assist 
in universal planning to tackle problems concerning TB 
treatment interruption that could potentially lead to 
unsuccessful treatment outcomes.

Figure 4  Funnel plot based on gender dataset.
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CONCLUSION
TB treatment interruption remains a potentially alarming 
problem. This was of particular concern in the Southern, 
Eastern and South East Asia regions, which demon-
strated a high prevalence of TB treatment interruption. 
Significant predictive factors with higher risks of treat-
ment interruption such as male gender, employment, 
alcohol intake, smoking, HIV-positive, ADRs, and previ-
ously treated cases were identified. Healthcare providers 
should focus their effort to improve TB treatment adher-
ence in patients with these characteristics from the begin-
ning of therapy, which is crucial to ensure treatment 
success.
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