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Purpose: We investigated the association of TB patients and their household contacts with diabetes mellitus (DM) and hypertension 
compared to the general population, and the mediating effects of risk behaviors including current smoking, alcohol drinking, and poor 
diet quality.
Patients and Methods: A cross-sectional study on screening for DM, hypertension, and risk behaviors among newly diagnosed TB 
patients (n = 221) and their household contacts (n = 257) aged 25–74 years in Yangon in 2018. Health data of the general population (n 
= 755) were obtained from an NCD risk factor survey in Yangon. A directed acyclic graph is used to identify possible pathways of 
association between variables. Associations are presented as adjusted odds ratios (aOR).
Results: Compared to the general population, both TB patients and their household contacts were associated with current smoking and 
drinking, and TB patients were more likely to be underweight. Without considering mediating effects, TB patients had higher odds of 
DM (aOR = 6.3, 95% CI: 3.8–10.6), but both TB patients and household contacts had lower odds of hypertension (aOR = 0.54; 95% 
CI: 0.33–0.87) and (aOR = 0.68; 95% CI: 0.47–0.98), respectively. The body mass index-mediated pathway reduced the odds of DM 
and hypertension among TB patients (aOR = 3.4; 95% CI: 2.2–5.3) and (aOR = 0.3; 95% CI: 0.2–0.5), respectively.
Conclusion: The shared risk behaviors among TB patients and household contacts with high burden of DM in TB patients endorse 
screening of risk behaviors and strengthening the integration of NCD services among TB patients and household contacts in this dual- 
burden country.
Keywords: TB, diabetes mellitus, hypertension, non-communicable diseases, screening, mediator

Introduction
Globally, communicable diseases account for more than 60% of the disease burden in low-income countries, while non- 
communicable diseases (NCDs) account for more than 80% in high-income countries.1 Yet, the burden of both 
communicable diseases and NCDs is higher in low- and middle-income countries with socioeconomic and demographic 
transitions like Myanmar.2 Tuberculosis is the second leading cause of death among patients with communicable 
diseases, and the prevalence of tuberculosis (TB) in Myanmar was 468 (95% CI: 391–546) per 100,000 in 2018,3 

which was three times the global average.4 The prevalence of major NCDs, including diabetes mellitus (DM) and 
hypertension, were 10.5% and 26.4%,5 respectively, which was similar to regional averages.6,7 Both communicable 
diseases and NCDs are significantly associated with behavioral risk factors such as smoking, alcohol drinking, and 
impaired diet quality.8 Almost one-fourth of the population in Myanmar was reported to have at least one behavioral risk 
factor.5 Therefore, exploring the dual impact of TB alongside DM and hypertension, which are all linked to behavioral 

International Journal of General Medicine 2023:16 5909–5920                                           5909
© 2023 Zayar et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 8 September 2023
Accepted: 4 December 2023
Published: 13 December 2023

http://orcid.org/0000-0002-0174-6950
http://orcid.org/0000-0001-9834-6031
http://orcid.org/0000-0002-5220-2355
http://orcid.org/0000-0001-7739-1300
http://orcid.org/0000-0003-1219-9814
http://orcid.org/0000-0002-9850-4463
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


risk factors, is essential to identify the scale of the problem and develop a strategy to address the interconnected health 
issues simultaneously.

Patients with TB are not only associated with NCDs through a direct link via pathophysiological changes,9,10 but they also 
share behavioral risk factors, including smoking, alcohol consumption, and poor diet.8 Identifying the direct and the total effects 
of association would allow us to understand the mediating effects of behavioral risk factors between TB and the comorbidities of 
DM and hypertension. Furthermore, family members in the same household usually share the same socioeconomic status and 
risk behaviors such as smoking and alcohol drinking.11,12 Therefore, we hypothesized that household contacts of TB patients 
even without TB might have a higher risk of getting NCDs due to having similar risk behaviors.

The global action plan on NCDs recognized the significant interaction between TB and NCDs and endorsed the 
integration of programs and services between these diseases.13 The World Health Organization (WHO) has recommended 
bi-directional screening programs for TB and DM in developing countries since 2011.14 This program has been 
implemented in some pilot areas at central and township-level TB clinics in Myanmar since 2018. Nevertheless, the 
program did not include identifying and reducing the burdens of NCDs like hypertension and behavioral risk factors 
among TB patients and their household contacts. Understanding the co-existence of NCDs and behavioral risk factors 
among TB patients and their household contacts without TB would allow healthcare planners to evaluate existing 
healthcare programs and plan for further control action.

Therefore, this study aimed to investigate the direct effect of association between the population groups (ie, TB 
patients, household contacts, and the general population of the Yangon Region) with risk behaviors (ie, smoking, alcohol 
drinking, and poor diet, which are associated with body mass index [BMI]). Primarily, we aimed to investigate the total 
and direct effects of the associations between the population groups and the comorbidities of diabetes mellitus and 
hypertension with the mediating effect of selected risk behaviors.

Materials and Methods
Study Design and Setting
A cross-sectional study was conducted in township TB clinics and households of TB patients in the townships of Insein 
and North Okkalapa in Yangon, Myanmar from April to December 2018. The study obtained information of index TB 
patients from TB registration and their household contacts. Moreover, we received approval to use secondary data from 
the NCD risk factor survey done in the Yangon Region as a comparison group.15 The survey was based on the WHO 
STEPwise approach for the surveillance of NCD risk factors developed by WHO to help countries develop and 
strengthen their NCD surveillance systems.16 This NCD risk factor survey was done in the Yangon urban area from 
September to November 2013.

Study Sample, Sample Size, and Sampling Technique
Our study consecutively recruited patients with newly diagnosed TB from two selected township TB clinics and further 
investigated their household contacts aged 25–74 years. We expected to have at least 80 TB patients and 80 participants 
from the general population to test the hypothesis that TB patients have at least 4 times and 3 times higher odds of having 
DM and hypertension than the general population, respectively, with a 20% non-response rate. We used two independent 
proportions formulas using 12.1%17 and 34.5%18 prevalence rates of DM and hypertension in the general population, 
respectively. For household contacts, we expected to have at least 220 participants and 220 participants from the general 
population to test the hypothesis that they had at least 2.5 times and 2 times higher odds of having DM and hypertension 
compared to the general population, respectively, with a 30% non-response rate. The same prevalence of DM17 and 
hypertension18 in the general population were applied using the same formulas.

In the NCD risk factor survey, 755 participants aged 25–74 years from the general population were recruited in urban 
areas of the Yangon Region in Myanmar.17 Buddhist monks, nuns, institutionalized people, military people, and pregnant 
women were excluded. Multi-stage cluster sampling was done. First, six townships in urban areas were randomly 
selected. Then, five township sub-units were randomly selected from the six townships to achieve a total of 30 sub-units. 
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From each sub-unit, 26 to 27 households were randomly selected. Only one eligible household member was randomly 
recruited.

Data Collection Tools and Process
The data collection process and measurements of variables used in this study and in the NCD risk factor survey were 
comparable in regard to the NCD risk factors but differed slightly in the screening tools used for DM and hypertension as 
summarized in Table 1.

In this study, a list of newly diagnosed sputum-positive TB patients aged 25–74 years was obtained from the two 
township TB registers. They were informed of the study and invited to participate. After informed consent was received, 
patients were interviewed at the TB clinic about their sociodemographic characteristics, NCD risk behaviors, and NCD 
outcomes using a structured questionnaire. Following the WHO STEPS manual,16 current smoking was defined as currently 

Table 1 Comparing the Data Collection Processes and Measurements of Variables Used in Our TB and Household Contact Study 
with the NCD Risk Factor Survey

Our TB and Household Contact Study The NCD Risk Factor Survey in General Population

Data collection tools

Both studies adopted definitions of variables from the WHO STEPS methodology and reports5,16 including sociodemographic characteristics, 

sedentary lifestyle habits (smoking, drinking alcohol), history of DM diagnosed by a medical doctor, and history of hypertension.

Tools for weight and height measurements

Conventional weight scale and measuring tape for height Conventional weighing scale (Equinox BR-9808) and measuring tape 

(SPEED-5 M) for height

Tool for blood pressure measurement

Mercury sphygmomanometer 

(The mean differences between mercury reading and OMRON M6 was 

−1.8±5.1 mmHg for SBP and −0.4±2.8 mmHg for DBP.19 These values 
were added to the readings by mercury sphygmomanometer to validate 

the OMRON M6).

OMRON M6 (Japan)19

Tool for DM screening

ACCU-CHEK® Performa20 glucometer Fasting venous plasma glucose level was investigated on plasma from 
whole blood with the enzymatic reference method with hexokinase using 

reagents of COBAS from Roche Diagnostics, Indianapolis, IN, USA.

Data collection procedure

Face-to-face interview among TB patients during their follow-up visit to 
township TB clinics and household contacts during the home visit for 

contact tracing.

Face-to-face interview was done at home. If the respondent was absent, 
another appointment was made on the next day.

DM screening

Fasting capillary blood glucose in TB clinic was done among 210 newly 
diagnosed TB patients.

Fasting venous plasma glucose was performed at a nearby health facility 
among 693 participants in the general population.

Hypertension screening

Single-visit blood pressure was measured after resting for 10 minutes by 

a medical doctor among 221 newly diagnosed TB patients at a TB clinic 
and 257 household contacts at their home.

Single-visit blood pressure was measured after resting for 10 minutes 

among 755 participants in the general population by well-trained 
research assistants at their home.

Abbreviations: NCD, non-communicable disease; DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; TB, tuberculosis.
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smoking any tobacco products daily and current drinking was defined as drinking alcohol within the past 30 days, DM was 
assessed by a diagnosis given by a medical doctor, whereas hypertension was assessed by a history of taking any 
medication for increased blood pressure due to hypertension prescribed by a health worker within the past 2 weeks.

In addition, a physical examination on anthropometric parameters, blood pressure measurements, and blood glucose 
tests were also performed following the WHO STEPS manual.16 Height was measured without footwear, and hat using 
a measuring tape and weight was measured using a weighing scale and measurement was taken up to the nearest 0.1 kg. 
The blood pressure measurement was taken after letting the participant rest for at least 10 min. The sphygmomanometer 
cuff was placed over the left arm. Three readings were conducted, and the average was taken. Fasting capillary blood 
glucose (FCG) tests were done after 10 hr fasting in the following morning at the clinic.

Household contact tracing was done among those who lived in the same household with TB patients for at least 3 
months. Healthcare volunteers visited their home, explained the risks of tuberculosis infection, asked them to complete 
a questionnaire that screened for signs and symptoms of TB. A similar interview, measurements, and blood tests for NCD 
risk factors, DM, and hypertension were applied to household contacts. They were subsequently requested to attend the 
TB clinic within 2 weeks for a chest X-ray (CXR) and FCG testing. If the TB contacts did not visit the clinic as 
appointed, a second home visit was conducted to collect early morning FCG and the TB contacts were reinvited to the 
clinic for a CXR. TB contacts with positive signs and symptoms of TB or whose CXR was suggestive of TB underwent 
sputum examination and the GeneXpert test. Household contacts who were diagnosed with TB were considered newly 
diagnosed TB patients.

In the NCD risk factor survey, researchers provided information to eligible participants at their home. After obtaining 
informed consent, they were interviewed concerning general profile and health risk behaviors using the same manual.16 

Anthropometric indices, blood pressure, and fasting plasma glucose test were also measured following the same 
manual16 but using different tools as described in Table 1.

Variables
This study and the NCD risk factor survey used the same definitions and cutoff levels for all variables. A smear-positive 
TB patient was defined using positive results from either the sputum smear test or the GeneXpert test for both index 
patients and contacts as bacteriologically positive TB.21 For those who could not produce sputum, a clinical diagnosis 
using positive signs and symptoms of TB and CXR suggestive of TB was used. DM was identified either as a self- 
reported DM noted to be diagnosed by a medical doctor or as a blood glucose screening test with an FPG level ≥7 mmol/ 
L, or both, based on the NCD risk factor survey, which followed the WHO criteria.15,16,22 Hypertension was defined as 
self-reported hypertension with use of antihypertensive medication within 2 weeks prior to the interview, or systolic 
blood pressure (SBP) ≥140 mmHg, or diastolic blood pressure (DBP) ≥90 mmHg in the study, or all of these.5,15

Definitions of independent variables that included sociodemographic characteristics, such as age group, education, 
and occupation and behavioral risk factors, such as current smoking and drinking, followed the WHO STEPS survey 
methodology and reports in Myanmar.5,16 Age groups were categorized into 10-year intervals from 25 to 74 years. 
Education levels were categorized into no formal schooling, less than primary school, primary school completed, 
secondary school completed, high school completed, and college/university. Occupation levels were categorized into 
retired, dependent, self-employed, non-government employee, and government employee. Daily income per household 
member was calculated from the total household income divided by the total number of household members to arrive at 
a value in the national currency of Myanmar Kyat (MMK). MMK was then converted into United States dollars (USD) 
using the exchange rate of 1 USD = 1328 MMK during our study in 2018 and the exchange rate of 1 USD = 953.8 MMK 
in the NCD risk factor survey in 2013.23 The average daily household incomes per person/day calculated by the World 
Bank for the years 2013 and 2018 were 1.9 USD and 3.1 USD, respectively, which were used as the poverty level cutoff 
values in this study.24

Behavioral risk factors included current smoker and current drinker defined as an individual who currently smoked 
any tobacco products daily, and an individual who drank alcohol within the past 30 days. BMI was classified into four 
groups following the WHO expert consultation for the Asian population as underweight (<18.5 kg/m2), normal weight 
(18.5–22.9 kg/m2), overweight (23.0–27.4 kg/m2), and obese (≥27.5 kg/m2).25
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Statistical Analysis
Data analysis was done using R software.26 Background characteristics of TB patients, their household contacts, and the 
general population are presented using descriptive statistics. Chi-square test was used to test the differences between the 
prevalence of risk behaviors and NCDs among different types of population. A directed acyclic graph (DAG) was 
constructed using DAGitty v3.0 software27 to identify the possible pathways influencing the association between 
population type with risk behaviors (ie, current smoking, current drinking, and BMI) and DM and hypertension 
(Figure 1). Direct effects of association were identified to detect the association between population type and the selected 
risk behavior and not explicitly mediated by other risk behaviors. The associations of population type with current 
alcohol drinking and smoking were explored using binary logistic regression reported by adjusted odds ratio (aOR) and 
with status of BMI using multinomial regression reported by adjusted relative risk ratio (aRRR). A likelihood ratio test 
(p-value <0.05) was considered as the level of significance in binary logistic regression and the Wald test was used to 
define the significance level of each outcome in a multinomial regression model.

Both direct effect and total effect of population type on DM and hypertension were tested to see the effects of risk 
behaviors on the association. For the total effect of an association, all confounders identified in the DAG were controlled 
to estimate the combined effect of exposure going directly to the outcome and the effect going through other variables 
(mediators). For the direct effect of an association, mediators were adjusted in addition to confounders to remove the 
effect of exposure going through other variables (mediators).28 In DAG, age, sex, level of education, and income level 
were considered as confounders and risk behaviors (ie, current smoking, current alcohol drinking, and BMI) were placed 
as mediators between population type and DM or hypertension. Selected mediation effects were estimated by separately 
adding potential mediation pathways to the direct effect models, referred to here as “sub-total models”, to see the effect 

Figure 1 Direct Acyclic Graph for association between type of population with DM and Hypertension. (The current figure showed a model for direct effect of association 
between type of population and DM by adjusting potential confounders. A similar causal relationship pattern was used to identify the direct, sub-total, and total effects of 
association between population type with DM and hypertension). 
Notes: Green circle with black arrowhead: exposure variable. Blue circle with “I” symbol: outcome variable of interest. White circles: adjusted variables. Grey circle: 
unobserved variable. Green arrow: causal path between exposure and outcome in current model. Black arrow: causal relationship between variables. 
Abbreviations: BMI, body mass index; U1, an unmeasured variable influencing current smoking and current drinking behavior.
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of selected risk behavior on the association. DM is also considered as a mediator between population type and 
hypertension. Multivariable logistic regression was used to control the minimal set of confounders and to selectively 
include or exclude mediated pathways indicated by the DAG to estimate the risks of getting DM or hypertension among 
different population types. In the regression models, only confounders were adjusted to test the total effect and both 
confounders and mediators were included for the direct effect.

Results
Two hundred and twenty-one eligible index TB patients gave consent to participate in the study and received a full 
investigation for a 100% response rate. Out of 336 household contacts, 71 and 8 of them were excluded due to 
unavailable data of TB and DM, respectively, for a 24% non-response rate. Two hundred and fifty-seven household 
contacts remained for the data analysis. A total of 755 subjects from the general population were included in the study for 
a non-response rate of 14%.

Table 2 shows the background characteristics of the populations in this study. A majority of household contacts were 
female (68.9%), while most TB patients were male (66.1%) and the proportions of each sex were more or less equal in 
the general population. The age distribution of participants in the three distinct populations was fairly similar across all 
age groups, but with a slight decrease in the proportion of individuals older than 65 years among TB patients. Almost 
half of the participants among household contacts and TB patients had received less than secondary school level 

Table 2 Background Characteristics of TB Patients, Household Contacts, and the General Population

Background Characteristics Total in Sample 
n (%)

TB Patients 
n (%)

Household Contacts of  
TB Patients n (%)

General Population 
n (%)

Total 1,233 (100.0) 221 (17.9) 257 (20.8) 755 (61.2)

Socioeconomic status
Sex

Female 631 (51.2) 75 (33.9) 177 (68.9) 379 (50.2)

Male 602 (48.8) 146 (66.1) 80 (31.1) 376 (49.8)

Age groups (years)
25–34 264 (21.4) 52 (23.5) 70 (27.2) 142 (18.8)

35–44 258 (20.9) 50 (22.6) 48 (18.7) 160 (21.2)

45–54 276 (22.4) 48 (21.7) 57 (22.2) 171 (22.6)
55–64 272 (22.1) 52 (23.5) 42 (16.3) 178 (23.6)

≥65 163 (13.2) 19 (8.6) 40 (15.6) 104 (13.8)

Highest education
No formal education 29 (2.4) 3 (1.4) 6 (2.3) 20 (2.6)

Lower than primary 80 (6.5) 17 (7.7) 28 (10.9) 35 (4.6)

Primary 344 (27.9) 95 (43.0) 82 (31.9) 167 (22.1)
Secondary 321 (26.0) 67 (30.3) 78 (30.4) 176 (23.3)

High school 182 (14.8) 9 (4.1) 16 (6.2) 157 (20.8)

College/University 277 (22.5) 30 (13.6) 47 (18.3) 200 (26.5)
Occupation

Retired 104 (8.4) 11 (5.0) 5 (1.9) 88 (11.7)

Dependent 462 (37.5) 65 (29.4) 112 (43.6) 285 (37.7)
Self-employed 446 (36.2) 92 (41.6) 80 (31.1) 274 (36.3)

Non-government employee 157 (12.7) 43 (19.5) 46 (17.9) 68 (9)

Government employee 64 (5.2) 10 (4.5) 14 (5.4) 40 (5.3)
Average daily income/persona (USD)

<1.9 673 (57.7) 91 (41.2) 130 (50.6) 452 (65.7)

1.9–3.09 219 (18.8) 57 (25.8) 52 (20.2) 110 (16.0)
≥3.1 274 (23.5) 73 (33.0) 75 (29.2) 126 (18.3)

Notes: aExchange rate in TB patients and household contacts survey: 1 USD = 1328 Myanmar Kyat and exchange rate in NCD risk factor survey: 1 USD = 953.8 Myanmar Kyat. 
Abbreviations: TB, tuberculosis; USD, United States dollar.
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education, while more than 70% of the general population had at least secondary school level. Individuals who were self- 
employed were over-represented among TB patients, while dependents were more common in household contacts. TB 
patients and their household contacts had higher incomes than the general population.

Table 3 reveals that TB patients had about two and three times the percentages of current smokers and current 
drinkers, respectively, compared to the general population. TB patients also had five times and seven times higher 
percentages of being underweight compared to household contacts and the general population, respectively. Similarly, the 
percentage of patients with TB was nearly twice the general population. In contrast, both the patients with TB and their 
household contacts had a lower proportion of hypertension than the general population.

Association Between Population Type and Risk Behaviors Including Smoking, Alcohol 
Drinking, and Body Mass Index
Table 4 shows the direct association between population type and behavioral risk factors that include current smoking, 
current drinking, and BMI. TB patients and household contacts had higher odds of current smoking and drinking. 

Table 3 Prevalences of Risk Behaviors and Non-Communicable Diseases Among TB Patients, Household 
Contacts of TB Patients, and the General Population

Background Characteristics Total in 
Sample 
n (%)

TB 
Patients 

n (%)

Household  
Contacts of TB 
Patients n (%)

General 
Population 

n (%)

p-value

Total 1,233(100.0) 221 (17.9) 257 (20.8) 755 (61.2)

Risk behavior
Current smoking 291 (23.6) 98 (44.3) 48 (18.7) 145 (19.2) <0.001
Current drinking 237 (19.2) 95 (43.0) 36 (14.0) 106 (14.0) <0.001

Body mass index <0.001
Underweight 182 (14.8) 105 (47.5) 28 (10.9) 49 (6.5)

Normal 400 (32.4) 78 (35.3) 81 (31.5) 241 (31.9)

Overweight 399 (32.4) 33 (14.9) 88 (34.2) 278 (36.8)
Obese 252 (20.4) 5 (2.3) 60 (23.3) 187 (24.8)

Non-communicable diseases
Diabetes mellitus 228 (18.5) 69 (31.2) 34 (13.4) 125 (16.6) <0.001
Hypertension 445 (36.1) 42 (19.0) 81 (31.5) 322 (42.6) <0.001

Notes: The bold values: Statistically significant difference. 
Abbreviation: TB, tuberculosis.

Table 4 Direct Effect of Association Between Population Type and Risk Behaviors Including Current Smoking, Current Alcohol 
Drinking, and Body Mass Index

Type of Population Current 
Smokinga aOR 

(95% CI)

Current Alcohol 
Drinkinga aOR 

(95% CI)

Body Mass Indexb

Underweight vs 
Normal aRRR 

(95% CI)

Overweight vs 
Normal aRRR 

(95% CI)

Obese vs 
Normal aRRR 

(95% CI)

General population Ref Ref Ref Ref Ref

Household contacts of 
TB patients

1.66* 
(1.05–2.62)

2.06** 
(1.20–3.55)

1.67 
(0.94–2.96)

0.96 
(0.66–1.41)

0.87 
(0.57–1.35)

TB patients 2.54*** 
(1.68–3.85)

4.55*** 
(2.84–7.28)

7.04*** 
(4.27–11.6)

0.38*** 
(0.23–0.62)

0.08*** 
(0.03–0.20)

Notes: aLogistic regression adjusted for potential confounders (age + sex + education + income). bMultinomial logistic regression adjusted for potential confounders 
(age + sex + education + income). Current smoking and current drinking were potential mediators that were blocked to get the direct effect. The bold values: 
statistically significant difference. *p < 0.05, **p < 0.01, ***p < 0.001. 
Abbreviations: aOR, adjusted odds ratio; aRRR, adjusted relative risk ratio; CI, confidence interval; Ref, reference; TB, tuberculosis.
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Household contacts had 1.7 times and 2.1 times higher odds of current smoking and drinking, while TB patients had 2.5 
times and 4.6 times higher odds of current smoking and drinking than the general population. Using a normal BMI as the 
baseline, TB patients had 7 times the relative probability of being underweight and 62% and 92% lower relative 
probability of being overweight and obese, respectively, compared to the general population. Household contacts also 
showed a higher relative probability of being underweight, though this was not statistically significant.

Risk of DM and Hypertension Among TB Patients and Their Household Contacts 
Compared to the General Population
Table 5 depicts the multivariable logistic regressions to test the direct, sub-total, and total effects of association between 
population type with DM and hypertension adjusted by other variables suggested by the DAG. No significant association 
was found between household contacts and DM in either the direct or the total effect models. However, the direct effect 
model reported that TB patients had 6.3 times higher odds of having DM compared to the general population. The sub- 
total effect shows similar results when either current smoking or drinking is considered as a mediator in the model. 
However, the odds were reduced significantly to 3.4 when the BMI-mediated pathway was opened (p ≤ 0.001). TB 
patients had 3 times higher odds of DM when all three risk behavior-mediated pathways were operative.

In contrast, both household contacts and TB patients showed significantly lower odds of hypertension in both direct, 
sub-total, and total effect models compared to the general population. Household contacts had 32% lower odds of 

Table 5 Logistic Regression of the Direct Effect, Sub-Total Effect, and Total Effect of Population Type on the Risks of Diabetes 
Mellitus and Hypertension

Diabetes Mellitus

Type of Population Direct Effecta 

aOR (95% CI)
Sub-Total Effect with Selected Mediator Pathwayb Total Effectc 

aOR (95% CI)
Current Smoking Current Drinking BMI

aOR (95% CI) aOR (95% CI) aOR (95% CI)

General population Ref Ref Ref Ref Ref

Household contact of TB patients 0.86 

(0.54–1.37)

0.84 

(0.53–1.34)

0.85 

(0.53–1.35)

0.83 

(0.53–1.32)

0.80 

(0.50–1.26)
TB patients 6.34*** 

(3.79–10.59)
6.21*** 

(3.73–10.36)
6.12*** 

(3.69–10.12)
3.41*** 

(2.20–5.28)
3.03*** 

(1.99–4.61)

Hypertension

Type of population Direct effectd 

aOR (95% CI)
Sub-total effect with selected mediator pathwaye Total effectf 

aOR (95% CI)
Current smoking Current drinking BMI

aOR (95% CI) aOR (95% CI) aOR (95% CI)

General population Ref Ref Ref Ref Ref
Household contact of TB patients 0.68* 

(0.47–0.98)
0.67* 

(0.46–0.96)
0.71 

(0.49–1.02)

0.66* 
(0.47–0.95)

0.68* 
(0.48–0.96)

TB patients 0.54* 
(0.33–0.87)

0.52** 
(0.32–0.84)

0.61* 
(0.38–0.98)

0.29*** 
(0.19–0.45)

0.30*** 
(0.20–0.46)

Notes: aModel for direct effect of association between population type and diabetes mellitus by adjusting potential confounders (age + sex + education + income). 
Current smoking, current drinking, and body mass index were potential mediators that were blocked to get the direct effect. bModels for sub-total effect of 
association between population type and diabetes mellitus by adjusting for potential confounders (age + sex + education + income). Current smoking, current 
drinking, and BMI were selectively opened to act as additional mediated pathways in the model; cModel for total effect of association between population type and 
diabetes mellitus by adjusting potential confounders (age + sex + education + income). Current smoking, current drinking, and body mass index were potential 
mediators that were opened to get the total effect. dModel for direct effect of association between population type and hypertension by adjusting potential 
confounders (age + sex + education + income). current smoking, current drinking, body mass index, and diabetes mellitus were potential mediators that were 
blocked to get the direct effect. eModels for sub-total effect of association between population type and hypertension by adjusting potential confounders (age + sex + 
education + income). Current smoking, current drinking, and body mass index were selectively opened to act as additional mediated pathways in the model. fModel 
for total effect of association between population type and hypertension by adjusting potential confounders (age + sex + education + income). Current smoking, 
current drinking, body mass index, and diabetes mellitus were potential mediators that were opened to get the total effect. The bold values - statistically significant 
difference. *p < 0.05, **p < 0.01, ***p < 0.001. 
Abbreviations: BMI, body mass index; aOR, adjusted odds ratio; CI, confidence interval; Ref, reference; TB, tuberculosis.
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hypertension in both direct, sub-total, and total effect estimations. TB patients showed around 45% lower odds of being 
associated with hypertension in direct effect estimation and showed similar results when an additional pathway mediated 
by current smoking or by current drinking was opened. Opening the BMI-mediated pathway, however, caused a further 
decrease in the odds of hypertension (p < 0.001) to 71% lower than the general population.

Discussion
This study reports four main results. First, TB disease is not the only health problem among TB patients. They had higher 
risks of smoking, drinking, being underweight, and having DM than the general population. Second, the study newly 
reported increased risks of smoking and drinking behaviors among household contacts, even without TB, compared to 
the general population. Third, we found BMI was an important mediating factor for DM and hypertension among patients 
with TB. Last, but not least, TB patients and their household contacts had lower odds of hypertension.

TB patients had 1.8 times and 4.6 times higher odds of current smoking and drinking compared to the general 
population. This finding is similar to findings from previous studies done in India,29,30 and both smoking and drinking 
were significant risk factors for TB infection.31,32 Both smoking and alcohol drinking not only impose a burden on NCDs 
but also have a negative impact on the treatment outcome of TB.29,33,34 Although information on risk factors for NCDs 
among household contacts is limited, our study also highlighted increased odds of current smoking (1.7 times) and 
drinking (2.1 times) compared to the general population. This may be associated with increased patterns of smoking and 
drinking among TB patients. Previous studies revealed that family members have a common inclination towards risky 
behaviors, and the status of smoking and drinking is highly associated with family influences.11,12 This finding suggests 
that health personnel should assess health risk behaviors in both TB patients and their household contacts, and also 
provide appropriate intervention to control them.

TB patients had a seven times higher risk of being underweight compared to the general population. Malnutrition 
associated with a poor socioeconomic condition leads to immunodeficiency and increases susceptibility to TB 
infection.35 Tuberculosis itself also results in malnutrition because of decreased appetite, malabsorption of macro- and 
micro-nutrients, and the change in metabolism leads to wasting.35 As a result, underweight was significantly more 
common in patients with TB than in the general population.36 In turn, being underweight can delay TB recovery and 
result in a higher mortality rate.36,37

When no explicit mediating effect was taken into account, patients with TB had 6.3 times higher odds of DM 
compared to the general population. A previous meta-analysis reported that DM patients had a 3 times higher risk of TB 
due to their immunocompromised condition.38 When BMI status was taken as a mediator, our study found that the 
association between TB and DM was reduced by almost half (aOR = 3.4; 95% CI: 2.2–5.3). This may be due to almost 
half of the TB patients in this study being underweight. Similarly, a previous study in India reported that underweight TB 
patients had significantly lower odds of DM compared to normal weight TB patients.39 However, this mediating effect 
was not observed among the household contacts compared to the general population.

Compared to the general population, the odds of hypertension were reduced by 50% among TB patients and 30% 
among household contacts. This may be related to unobserved variables associated with socioeconomic characteristics 
and environment. When taking BMI status into account as a mediating factor, the odds of hypertension among TB 
patients showed a further reduction to 70% compared with the general population but no change was observed in 
household contacts. Consistently, a case–control study done in North-West England found that TB patients were 2.6 
times less likely to have hypertension compared to those without TB.40 Overweight and obesity are already known to be 
significant risk factors for hypertension. A previous meta-analysis of 25 randomized controlled trials revealed an 
association between net weight reduction and the decrease in both SBP and DBP.41 TB patients in our study, however, 
were more likely to be underweight compared to the general population. Therefore, reduced BMI among TB patients 
could subsequently reduce the risk of getting hypertension among TB patients. When taking smoking and drinking 
behaviors into consideration, a mediating effect was not observed in either DM or hypertension in TB patients and 
household contacts compared to the general population.

Our study has some limitations to address. Our TB patients and household contacts had higher average household 
income than the general population. This likely occurred because our TB patients who could access healthcare might 
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have higher socioeconomic status than those who could not access healthcare. Another factor may be the difference in 
inflation rates from the time of the NCD survey and the time of our study 5 years later. However, this should not change 
the mediating effects reported in this study because daily household income was adjusted in the model.

Due to limited resources, full investigations for NCDs were not feasible. However, the study accommodated the 
measurements recommended by the WHO STEPS guideline.16 Single-time blood glucose testing was conducted and this 
made it comparable with the NCD risk factor survey.15 Screening of diabetes in our study was done using an ACCU- 
CHEK® Performa glucometer, while the NCD risk factor survey used the FPG test. The ACCU-CHEK® Performa 
glucometer showed ≥96% of the results equivalent (±0.6 mmol/L) to the glucose concentrations in plasma.42 The WHO 
recommends using capillary sampling in under-resourced countries and accepts that the fasting values for capillary 
plasma glucose and venous blood are identical.22 Blood pressure measurements were performed three times during 
a single visit in both studies due to time constraints and limited resources. However, it is comparable to the NCD risk 
factor survey15 and STEPS survey report in Myanmar.5 Additionally, our study was able to detect an association between 
TB and hypertension regardless of nondifferential misclassification bias towards the null hypothesis.

Our study findings suggest that a TB control program should also provide investigations for other NCDs, including 
fasting blood glucose and blood pressure monitoring. Even though our study showed that the BMI-mediated effect 
reduced the odds of DM and hypertension among TB patients, a high proportion of underweight status may impact 
treatment outcomes of TB. Therefore, maintaining a normal BMI status should be targeted. Screening for NCDs and risk 
factors does not require sophisticated tools and is not time-consuming but is very useful for both TB and NCD control.

Conclusions
Compared to the general population, TB patients had increased proportions of current smoking, current alcohol drinking, 
and underweight status and a high burden of DM, while household contacts of TB patients showed higher proportions of 
smoking and alcohol drinking. The mediation effect of BMI among TB patients significantly reduced the odds of DM and 
of hypertension. The integrated TB-NCD programs need to be strengthened to identify and address both risk behaviors 
and DM among TB patients. Furthermore, another need is to screen and reduce risk behaviors in household contacts 
during contact tracing activity to ensure improved control of NCDs in Myanmar.

Abbreviations
NCDs, non-communicable diseases; DM, diabetes mellitus; BMI, body mass index; WHO, World Health Organization; 
FPG, fasting venous plasma glucose; FCG, fasting capillary plasma glucose; CXR, chest X-ray; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; MMK, Myanmar Kyat; USD, United States dollar; DAG, directed acyclic graph, 
aOR, adjusted odds ratio; aRRR, adjusted relative risk ratio; CI, confidence interval; ref, reference.
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