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Abstract

Tuberculosis (TB) and non-communicable diseases (NCD) share predisposing risk factors.

TB-associated NCD might cluster within households affected with TB requiring shared pre-

vention and care strategies. We conducted an individual participant data meta-analysis of

national TB prevalence surveys to determine whether NCD cluster in members of house-

holds with TB. We identified eligible surveys that reported at least one NCD or NCD risk fac-

tor through the archive maintained by the World Health Organization and searching in

Medline and Embase from 1 January 2000 to 10 August 2021, which was updated on 23

March 2023. We compared the prevalence of NCD and their risk factors between people

who do not have TB living in households with at least one person with TB (members of

households with TB), and members of households without TB. We included 16 surveys (n =

740,815) from Asia and Africa. In a multivariable model adjusted for age and gender, the

odds of smoking was higher among members of households with TB (adjusted odds ratio

(aOR) 1.23; 95% CI: 1.11–1.38), compared with members of households without TB. The

analysis did not find a significant difference in the prevalence of alcohol drinking, diabetes,

hypertension, or BMI between members of households with and without TB. Studies evalu-

ating household-wide interventions for smoking to reduce its dual impact on TB and NCD

may be warranted. Systematically screening for NCD using objective diagnostic methods is

needed to understand the actual burden of NCD and inform comprehensive interventions.

Background

Low and middle-income countries (LMIC) face dual epidemics of tuberculosis (TB) and non-

communicable diseases (NCD) [1]. The Global Burden of Disease estimates indicate that the

number of people with NCD in LMIC increased from 3 billion to 3.5 billion between 2010 and

2019 [2]. NCD were responsible for around 60% of all deaths in 2019 in these countries [2].

Furthermore, TB mortality disproportionally affects these countries, with almost 99% of TB

deaths in LMIC [3].

TB disease and some NCD have a bidirectional association. NCD, such as diabetes, enhance

the risk of TB and worsen the outcomes of people with active TB [4,5]. For example, two sys-

tematic reviews reported a diabetes diagnosis increased the risk of active TB 1.5–3 folds [6,7].

Conversely, TB may adversely affect NCD risk [8]. Shared risk factors such as smoking, alco-

hol, and an unhealthy lifestyle likely drive the bidirectional association [1].
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TB is associated with social mixing; people with TB and their close contacts may likely

share risk factors for NCD and TB. This might cause a syndemic of chronic diseases in socially

disadvantaged populations who are at risk of TB, and the syndemic can make them even more

vulnerable to other diseases as shown in the COVID-19 pandemic. Contact-tracing for TB is

an established intervention to identify additional people with TB, primarily targeting house-

holds [9]. Integration of NCD screening, care and prevention within this intervention might

help reach household contacts at risk for TB and NCD. However, data on the clustering of

NCD among household contacts are limited. Studies among the general population have

reported NCD clustering within households [10,11]. However, few studies have examined the

clustering of NCD and NCD risk factors in household contacts of people with TB. Shivakumar

et al. reported in a study in India that nearly 40% of adult household contacts of people with

TB had diabetes or pre-diabetes [12]. Another in South Africa reported that 17.4% of TB con-

tacts had diabetes [13]. While both estimates were almost twice the national prevalence of dia-

betes, the lack of a control group precluded direct comparison with members of households

without a known TB source within the same geographical area.

National TB prevalence surveys are population-based surveys whose primary aim is to esti-

mate the national TB prevalence, conducted in countries with high TB burden [14]. Some

prevalence surveys collected data on NCD and risk factors such as smoking and alcohol use.

Since participants are invited per household, data from prevalence surveys allow us to examine

the burden of those conditions in households affected by TB, compared to households without

an individual diagnosed with TB.

We, therefore, conducted a systematic review and individual-participant data (IPD) meta-

analysis of national TB prevalence surveys to understand if NCD and NCD risk factors cluster

in members of households with TB.

Methods

The protocol of this systematic review has been pre-registered (S1 Checklist). (https://www.

crd.york.ac.uk/prospero/display_record.php?RecordID=272679).

Search strategy and eligibility criteria

We included national and sub-national TB prevalence surveys in LMIC that reported at least

one NCD or NCD risk factor (e.g. smoking, alcohol use) among participants.

National TB prevalence surveys enrol individuals� 15 years old through random house-

hold sampling. Participants who have symptoms or chest X-ray findings suggestive of TB (or

any lung abnormality, depending on each survey) submit sputum samples for testing by bacte-

riological tests such as smear, Gene Xpert, and/or culture as per the survey protocol. Detailed

methodology is found elsewhere [14].

We identified eligible surveys using the list maintained by WHO. Additionally, we searched

Medline (OVID) and Embase on 10 August 2021 to identify sub-national surveys published

since 1 January 2000. The search was updated on 23 March 2023 to identify new surveys. The

detailed search strategy is presented in S1 Appendix.

Two investigators independently reviewed titles and abstracts and then full-text articles in

duplicate to identify eligible studies. Discrepancies were resolved through discussion.

Outcome

The outcome was the prevalence of NCD or NCD risk factors (diabetes, hypertension, smok-

ing, alcohol use, and body mass index [BMI]), based on the survey definition. Data on other
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NCDs or risk factors were not available. To define TB cases, we used survey cases as defined in

each survey, which were confirmed bacteriologically [14].

Collection and pooling of IPD

We sought IPD from surveys found until 10 August 2021 (i.e. the initial search) to allow suffi-

cient time for data cleaning, harmonisation, and analysis. For surveys found through the

updated search, we sought aggregated data from published reports and by contacting the

authors.

S1 Table presents a list of variables requested. We checked data for consistency with survey

reports and potentially invalid and implausible values; we resolved queries by contacting the

original investigators. For height, weight, and BMI, biologically implausible values were treated

as missing, following criteria used in previous studies [15,16]. The frequency of alcohol drink-

ing was classified differently by the surveys (S2 Table). The choice that maximised the available

information was to classify alcohol drinking into three groups: drinking� twice per week,

once a week or less, vs no drinking.

Quality assessment

Prevalence surveys were conducted following the WHO-recommended methodology, ensur-

ing the representation of participants through random sampling and using recommended

screening and diagnostic methods [14]. Further, there is no well-established tool to assess the

quality of studies on the prevalence of diseases [17]. Thus, we assessed quality by focusing on

items relevant to our analysis. We assessed the participation rate, methods for screening and

diagnosis of active TB, methods for NCD diagnosis and checked missingness of outcome

variables.

Statistical analysis

Handling of missing data

Not all outcome variables were collected in all surveys. We performed multiple imputation

separately for each outcome by restricting to surveys that collected the outcome. To address

sporadic missingness, we conducted multiple imputation using multilevel fully conditional

specification (see S2 Appendix for details).

Comparison of prevalence of NCD between members of households with

TB and members of non-TB households

We presented the proportion of participants with NCD and NCD risk factors, stratified into

three groups: people with TB, people who do not have TB in households with at least one per-

son with TB (referred to as members of households with TB), and members of households

without TB). We performed a multilevel logistic regression analysis to estimate the odds ratios

for NCD and NCD risk factors, comparing members of households with TB and those without

TB. For this analysis, alcohol drinking was dichotomised into� twice per week vs< twice per

week, because a multinominal model failed to converge. The model included random inter-

cepts for sampling clusters and fixed intercepts for surveys. Next, we examined the odds ratio

for NCD and NCD risk factors, adjusting for age and gender of participants. The analysis did

not intend to examine causal associations; instead, our main objective was simply to ascertain

the overall increase in the prevalence of NCD/NCD risk factors in members of households

with TB compared to those without TB who are of the same age and gender. While various
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factors could contribute to this increase, they were not considered since any observed rise, irre-

spective of the causes, suggests a potential need for intervention.

The proportion of total variability due to between-study heterogeneity was quantified by

calculating I-squared.

Association between NCD and NCD risk factors of people with TB and

those among household members

We examined if the NCD and NCD risk factors of people with TB was associated with the pres-

ence of NCD or NCD risk factors among their household members. We fitted a multilevel

logistic regression model, including NCD/risk factor status, age, and gender of people with

TB.

Next, we fitted the same model, including age and gender of the household members.

When households included multiple people with TB, we randomly sampled one person with

TB per household, and their characteristics were used in the models.

Sensitivity analysis

First, we repeated the analysis using an alternative categorisation of alcohol drinking: any

drinking vs no drinking. Second, we repeated the analyses by excluding countries that col-

lected NCD data only among a subset of the participants. Third, we conducted a record-level

quantitative bias analysis to explore the impact of the misclassification of diabetes and hyper-

tension status (see details for S2 Appendix) [18].

Publication bias was not expected since WHO has a complete archive of national TB preva-

lence surveys.

Patient consent statement

This IPD meta-analysis was approved by the University College London Research Ethics Com-

mittee (18969/001). All participants provided informed consent to participate in the primary

surveys included in this meta-analysis.

Results

Search results and overall characteristics

From 21 eligible surveys found through the WHO archive, we received IPD from 16 surveys

(n = 740,815) (Fig 1) [19–34]. The remaining five surveys (in Democratic People’s Republic of

Korea, Ethiopia, Myanmar, Rwanda, and Zimbabwe) did not provide data; reasons were not

provided. We included 16 out of 21 eligible national surveys for smoking, nine out of 11 for

diabetes (n = 427,922) [19–25,32,34], eight out of 10 for alcohol (n = 327,021) [20,22–

25,30,32], four of four for BMI (n = 174,437) [20,23,24,26], and two of two for hypertension

(n = 79,804) [20,23]. The database searches identified additional five eligible studies, all report-

ing only smoking status[35–39]; none of the studies responded to our request for IPD before

the closure of data collection. All were sub-national surveys, including 286,340 participants

and only collected data on smoking. The updated search did not find surveys that could be

included in the meta-analysis (S1 Fig).

We included surveys conducted between 2012 and 2020, five in Asia and 11 in Africa (S3

Table). All participants were aged 15 years or older. The survey participation rate ranged from

56.8 to 90.9% (median: 77.2%) (S4 Table). In all surveys, there were fewer male participants

than females (from 38.0 to 46.6%). In three surveys in which information was sought from all

participants, the proportion of participants with DM ranged from 2.4 to 5.1%.
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The median number of participants per household was two persons (interquartile range:

1–3). We did not find issues that could undermine IPD integrity.

In all surveys, diabetes was based on self-reports (S4 Table). For hypertension, one survey

used a combination of blood pressure measurements and self-reports and the other used self-

reports. Five surveys collected data on NCD and/or their risk factors from a subset of partici-

pants: participants eligible for sputum collection and a randomly selected subset of other par-

ticipants in Eswatini, Namibia, and Mozambique [25,33], those eligible for sputum collection

in the United Republic of Tanzania, and Viet Nam [24,34], and participants who had

cough� two weeks, had TB diagnosis, or treatment history in Ghana (S2 Fig and S4 Table)

[22].

Table 1 presents the characteristics of participants. The median age was higher in people

with TB at 44 years (interquartile range (IQR): 32–60) than in members of households with TB

(median 34; IQR 22–50) and those without TB (median 35 years; IQR 24–50). A majority of

people with TB were male (63.8%), while those in the other two groups were less likely to be

male (40.0% in members of households with TB and 42.4% in those without TB). The diabetes

prevalence was 5.6% in people with TB compared to 3.0% in members of households with TB

and 3.2% in those without TB.

Fig 1. Study selection.

https://doi.org/10.1371/journal.pgph.0002596.g001
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Prevalence of NCD and NCD risk factors in members of households with

TB compared to members of households without TB

In the univariable model, members of households with TB were slightly more likely to smoke

than members of households without TB (OR 1.12, 95% CI 1.05–1.20) (Table 2). When adjust-

ing for age and gender, the odds of smoking were higher among members of households with

TB (adjusted odds ratio (aOR) 1.23, 95% CI 1.11–1.38) compared with members of households

without TB. The estimated aOR ranged from 0.87 to 1.78, with the highest observed in South

Africa (I-squared = 35.4%, p = 0.15, tau2 = 0.01) (S3 Fig). The higher prevalence of smoking

among members of households with TB was observed both in Asian and African countries,

and there was no significant difference by region (p = 0.0751) (S4 Fig). For alcohol drinking,

Table 1. Demographic and clinical characteristics of study participants.

Group Members of households without TB Members of households with TB People with TB

Age Median (IQR) years 35 (24–50) 34 (22–50) 44 (32–60)

N 688767 7082 3245

Gender Male, n (%) 291746 (42.4%) 2831 (40.0%) 2071 (63.8%)

N 688788 7082 3246

Alcohol No drinking, n (%) 109961 (72.9%) 1053 (68.5%) 616 (58.6%)

Weekly or less, n (%) 35873 (23.8%) 409 (26.6%) 321 (30.5%)

Twice per week or more, n (%) 5026 (3.3%) 75 (4.9%) 115 (10.9%)

N 150860 1537 1052

BMI Mean (SD) kg/m2 24.7 (5.1) 24.3 (5.0) 21.4 (4.4)

N 94000 1342 728

Smoking Current smoker 95093 (19.5%) 1218 (22.3%) 1150 (36.8%)

N 487397 5471 3121

Diabetes Diabetes, n (%) 6684 (3.2%) 86 (3.0%) 112 (5.6%)

N 209910 2875 2018

HIV Positive, n (%) 16856 (10.6%) 130 (9.1%) 241 (21.2%)

N 159274 1424 1136

Hypertension Hypertension, n (%) 20353 (36.2%) 190 (33.4%) 91 (25.6%)

N 56228 569 355

Note: Raw data before imputation. Denominators (N) vary by variables because of missing data.

BMI: body mass index; IQR: interquartile range; SD: standard deviation

https://doi.org/10.1371/journal.pgph.0002596.t001

Table 2. Prevalence of NCD/NCD risk factors in members of households with TB compared to those without TB.

Current smoker Alcohol drinking twice per

week or more

Diabetes Hypertension BMI

Group OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) Difference (95%C)

Member of households without TB

(Reference)

1 1 1 1 -

Members of households with TB

(unadjusted)

1.12 (1.05–1.20),

p = 0.0013

1.18 (0.96–1.46), p = 0.1223 0.90 (0.74–1.10),

p = 0.3013

0.91 (0.76–1.08),

p = 0.2681

-0.10 (-0.45; 0.25),

p = 0. 5772

Members of households with TB

(Adjusted for age and gender)

1.23 (1.11–1.38),

p = 0.0003

1.19 (0.95–1.47), p = 0.1222 0.94 (0.77–1.15),

p = 0.5333

0.88 (0.73–1.06),

p = 0.1772

-0.13 (-0.48; 0.21),

p = 0.4431

Note: The estimates were from mixed-effects regression models accounting for clustering within surveys and sampling clusters.

OR: odds ratio; CI: confidence interval; BMI: body mass index

https://doi.org/10.1371/journal.pgph.0002596.t002
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there was no evidence that it was more common in members of households with TB (aOR

1.19; 95% CI 0.95–1.47) (Table 2 and S5 Fig).

We did not find evidence that the prevalence of diabetes or hypertension differed between

members of households with and without TB (Table 2 and S6 and S7 Figs). Likewise, the mean

BMI was not different between members of households with TB and those without TB

(adjusted difference -0.13, 95% CI -0.48; 0.21) (Table 2 and S8 Fig).

Predictors for NCD and NCD risk factors in members of households

In the models including NCD and NCD risk factors in people with TB, household members of

people with TB who were current smokers were more likely to also be current smokers (aOR

1.46; 95% CI: 1.23–1.74) (Table 3). When age and gender of the household members were

added to the models, current smoking of people with TB remained associated with their house-

hold members being current smokers (aOR 1.70; 95% CI 1.36–2.11, S5 Table). The proportion

of variability due to between-study heterogeneity was small (I-squared = 0%, p = 0.54, tau2 =

0.04), with aOR ranging from 0.99 to 4.27 (S9 Fig).

For alcohol drinking (� twice per week vs less), hypertension and diabetes, the same condi-

tions in people with TB did not significantly predict their presence in the household members

(S5 Table and S10–S12 Figs). A higher BMI in people with TB was associated with higher BMI

in their household members (Difference per 1kg/m2 increase in BMI; 0.09 95% CI 0.02–0.16),

but the level of the increase was small (S5 Table and S13 Fig).

Sensitivity analysis

When alcohol drinking was dichotomised into any drinking vs no drinking (S6 Table), mem-

bers of households with TB were significantly more likely to drink alcohol (aOR 1.19, 95% CI

1.06–1.33), while the point estimate did not differ from the primary analysis.

When excluding surveys that collected NCD data only in a subset of participants, the find-

ings for smoking did not differ significantly (S7–S9 Tables). Alcohol drinking was significantly

more common in members of households with TB (aOR 1.44, 95% CI 1.02–2.03) (S7 Table).

S14 and S15 Figs present the sensitivity analysis exploring the impact of the misclassification

of diabetes and hypertension. They suggest that the direction and magnitude of the association

Table 3. Association between NCD or their risk factors in people with TB and those in members of households with TB, adjusted for age and gender of TB patients.

Current smoker Alcohol drinking twice per

week or more

Diabetes Hypertension BMI

NCD/NCD risk factors in people with TB

in the same households

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) Difference in Kg/m2

(95% CI)

Current smoker 1.47 (1.23–1.76),

p < 0.0001

Alcohol drinking twice per week or more - 1.45 (0.62–3.39), p = 0.3922 - - -

Diabetes - - 0.19 (0.00–77.81),

p = 0.5782

- -

Hypertension - - - 1.31 (0.84–2.06),

p = 0.2385

-

BMI per 1 kg/m2 increase - - - - 0.08 (0.01–0.16),

p = 0.0358

Note: Odds ratios were adjusted for age and gender of TB patients in the same households. Age and BMI were included in the model as continuous variables.

E.g. OR for age per 10-year increase indicates an increase in odds for each 10-year increase in age.

OR: odds ratio; CI: confidence interval; BMI: body mass index

https://doi.org/10.1371/journal.pgph.0002596.t003
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vary significantly based on the accuracy of self-reported diagnosis, rendering the results

inconclusive.

Discussion

We included large nationally representative samples from both African and Asian countries

with high TB incidence. The study suggests that smoking prevalence is higher in individuals

living with people with TB, while the magnitude of the difference was small (aOR = 1.23, 95%

CI 1.11–1.38). Participants were more likely to be current smokers if they lived with people

with TB who were current smokers. To our knowledge, no study has investigated the cluster-

ing of smoking within households with people with TB. Clustering of smoking habits and of

other conditions within households could increase the risk of TB development in household

contacts.

Our model did not intend to elucidate causal associations and included only age and gender

as covariates. The higher odds of smoking in household members of people with TB may

reflect their tendency to share lifestyles or socioeconomic profiles. Previous studies reported

the concordance of smoking among spousal pairs [10,11]. Since our model included only age

and gender, the association is likely to be affected by other factors. Regardless of the mecha-

nism explaining the association, a higher likelihood of smoking in members of households

with TB suggests a need to address it, which is an important shared risk factor for TB and

NCD.

The association between being members of households with TB and alcohol use was not

significant in the primary analysis. In contrast, sensitivity analyses that changed the definition

of alcohol use and another excluding six countries suggested an increased prevalence of alco-

hol use among them; because of the inconsistency, the association is inconclusive. A large pro-

portion of missing data on alcohol drinking might have reduced the statistical power (despite

imputation). Moreover, alcohol use could not be categorised clearly due to the variation in

data collection.

In this study, diabetes and hypertension prevalence among members of households with

TB did not differ from those without TB. However, the prevalence is likely underestimated

because the ascertainment relied on participants’ self-reports in most surveys. As shown in the

sensitivity analysis, the true associations are inconclusive due to uncertainty in the level of

under-detection. The national estimates of diabetes prevalence in survey countries range from

6% to 13% [3], while the prevalence in the present review ranged from 2.4 to 5.1% in countries.

This suggests that a substantial number of household members of people with TB may not be

aware of their diabetes. Diagnosing and treating diabetes can potentially reduce their risk of

developing TB [40]; thus, screening contacts for diabetes as part of routine contact investiga-

tions could be reasonable alongside TB preventive treatment.

The strength of this study was the use of national survey data in 16 high TB burden coun-

tries from both Africa and Asia. While not all surveys provided data for all outcomes, each

analysis included a large number of nationally representative participants. The study’s major

limitation is the use of self-reporting to ascertain NCD (i.e. diabetes and hypertension). This

underestimates the NCD burden and might have biased the association. Future surveys should

consider integrating standardised NCD data collection, such as the WHO STEPwise approach,

to allow robust analysis of the interaction between NCD and people and households affected

by TB [41]. Second, there was no data on other NCD, such as dyslipidaemia and chronic kid-

ney disease. This underscores a need for a study examining the prevalence of various NCD,

alone and as multimorbidity, through systematic screening using objective methods. Third,

because of the small number of surveys for some outcomes, we used fixed slopes in our models.
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Given that the associations are likely to be heterogeneous across countries, using random

slopes would have been more appropriate.

Conclusion

In prevalence surveys among the national representative populations, the self-reported preva-

lence of diabetes was lower than that expected from the national estimates, suggesting that dia-

betes was underdiagnosed. Data on other NCD were lacking, suggesting a missed opportunity

to derive useful data from TB prevalence surveys. In contrast, the study found that smoking

may be more frequent in members of households with TB, especially when index patients are

smokers. Given the clustering of smoking in households with people with TB, household-level

interventions addressing smoking may help reduce the risk for NCD and TB among household

members. A well-designed prospective study applying systemic screening for NCD among

contacts is needed to understand the accurate burden of NCD and risk factors.
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PÚBLICA INSTITUTO NACIONAL DE SAÚDE. The First National Pulmonary Tuberculosis Prevalence

Survey in Mozambique. Report Augut 2021.

34. Nguyen HV, Tiemersma EW, Nguyen HB, Cobelens FGJ, Finlay A, Glaziou P, et al. The second

national tuberculosis prevalence survey in Vietnam. PLoS One. 2020; 15(4):e0232142. Epub 2020/04/

PLOS GLOBAL PUBLIC HEALTH Tobacco smoking clusters in households affected by TB: IPD meta-analysis

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002596 February 29, 2024 14 / 15

https://doi.org/10.1093/oxfordjournals.aje.a113922
https://doi.org/10.1093/oxfordjournals.aje.a113922
http://www.ncbi.nlm.nih.gov/pubmed/6475929
https://doi.org/10.5588/ijtld.17.0598
http://www.ncbi.nlm.nih.gov/pubmed/29862955
https://doi.org/10.1016/j.tube.2018.08.007
https://doi.org/10.1016/j.tube.2018.08.007
http://www.ncbi.nlm.nih.gov/pubmed/30514492
https://apps.who.int/iris/rest/bitstreams/52944/retrieve
https://doi.org/10.1016/j.eclinm.2020.100521
http://www.ncbi.nlm.nih.gov/pubmed/32984787
https://doi.org/10.1002/oby.21612
http://www.ncbi.nlm.nih.gov/pubmed/27570944
https://doi.org/10.1016/j.jclinepi.2020.06.039
http://www.ncbi.nlm.nih.gov/pubmed/32679313
https://doi.org/10.1371/journal.pgph.0002596


24. https://doi.org/10.1371/journal.pone.0232142 PMID: 32324806; PubMed Central PMCID:

PMC7179905.

35. Datiko DG, Guracha EA, Michael E, Asnake G, Demisse M, Theobald S, et al. Sub-national prevalence

survey of tuberculosis in rural communities of Ethiopia. BMC Public Health. 2019; 19(1):295. https://doi.

org/10.1186/s12889-019-6620-9 PMID: 30866870

36. Dhanaraj B, Papanna MK, Adinarayanan S, Vedachalam C, Sundaram V, Shanmugam S, et al. Preva-

lence and risk factors for adult pulmonary tuberculosis in a metropolitan city of South India. PLoS One.

2015; 10(4):e0124260. Epub 20150423. https://doi.org/10.1371/journal.pone.0124260 PMID:

25905900; PubMed Central PMCID: PMC4408069.

37. Thomas BE, Thiruvengadam K, Vedhachalam C, A S, Rao VG, Vijayachari P, et al. Prevalence of pul-

monary tuberculosis among the tribal populations in India. PLoS One. 2021; 16(6):e0251519. https://

doi.org/10.1371/journal.pone.0251519 PMID: 34086684

38. Marks GB, Nguyen NV, Nguyen PTB, Nguyen T-A, Nguyen HB, Tran KH, et al. Community-wide

Screening for Tuberculosis in a High-Prevalence Setting. New England Journal of Medicine. 2019; 381

(14):1347–57. https://doi.org/10.1056/NEJMoa1902129 PMID: 31577876

39. Gunasekera K, Cohen T, Gao W, Ayles H, Godfrey-Faussett P, Claassens M. Smoking and HIV associ-

ated with subclinical tuberculosis: analysis of a population-based prevalence survey. The international

journal of tuberculosis and lung disease: the official journal of the International Union against Tuberculo-

sis and Lung Disease. 2020; 24(3):340–6. https://doi.org/10.5588/ijtld.19.0387 PMID: 32228765.

40. Lee PH, Fu H, Lai TC, Chiang CY, Chan CC, Lin HH. Glycemic Control and the Risk of Tuberculosis: A

Cohort Study. PLoS medicine. 2016; 13(8):e1002072. Epub 2016/08/10. https://doi.org/10.1371/

journal.pmed.1002072 PMID: 27505150; PubMed Central PMCID: PMC4978445.

41. Riley L, Guthold R, Cowan M, Savin S, Bhatti L, Armstrong T, et al. The World Health Organization

STEPwise Approach to Noncommunicable Disease Risk-Factor Surveillance: Methods, Challenges,

and Opportunities. Am J Public Health. 2016; 106(1):74–8. https://doi.org/10.2105/AJPH.2015.302962

PMID: 26696288; PubMed Central PMCID: PMC4695948.

PLOS GLOBAL PUBLIC HEALTH Tobacco smoking clusters in households affected by TB: IPD meta-analysis

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002596 February 29, 2024 15 / 15

https://doi.org/10.1371/journal.pone.0232142
http://www.ncbi.nlm.nih.gov/pubmed/32324806
https://doi.org/10.1186/s12889-019-6620-9
https://doi.org/10.1186/s12889-019-6620-9
http://www.ncbi.nlm.nih.gov/pubmed/30866870
https://doi.org/10.1371/journal.pone.0124260
http://www.ncbi.nlm.nih.gov/pubmed/25905900
https://doi.org/10.1371/journal.pone.0251519
https://doi.org/10.1371/journal.pone.0251519
http://www.ncbi.nlm.nih.gov/pubmed/34086684
https://doi.org/10.1056/NEJMoa1902129
http://www.ncbi.nlm.nih.gov/pubmed/31577876
https://doi.org/10.5588/ijtld.19.0387
http://www.ncbi.nlm.nih.gov/pubmed/32228765
https://doi.org/10.1371/journal.pmed.1002072
https://doi.org/10.1371/journal.pmed.1002072
http://www.ncbi.nlm.nih.gov/pubmed/27505150
https://doi.org/10.2105/AJPH.2015.302962
http://www.ncbi.nlm.nih.gov/pubmed/26696288
https://doi.org/10.1371/journal.pgph.0002596

