
PLOS One | https://doi.org/10.1371/journal.pone.0324584  February 13, 2026 1 / 11

 

 OPEN ACCESS

Citation: Kyazze S, Appeli S, Baluku JB, 
Izudi J (2026) Determinants of underweight 
and overweight/obesity among people with 
tuberculosis in Kampala, Uganda: A cross-
sectional study. PLoS One 21(2): e0324584. 
https://doi.org/10.1371/journal.pone.0324584

Editor: Paul Obeng, Robert Gordon University, 
UNITED KINGDOM OF GREAT BRITAIN AND 
NORTHERN IRELAND

Received: April 28, 2025

Accepted: January 22, 2026

Published: February 13, 2026

Peer Review History: PLOS recognizes the 
benefits of transparency in the peer review 
process; therefore, we enable the publication 
of all of the content of peer review and 
author responses alongside final, published 
articles. The editorial history of this article is 
available here: https://doi.org/10.1371/journal.
pone.0324584

Copyright: © 2026 Kyazze et al. This is an open 
access article distributed under the terms of 
the Creative Commons Attribution License, 
which permits unrestricted use, distribution, 

RESEARCH ARTICLE

Determinants of underweight and overweight/
obesity among people with tuberculosis in 
Kampala, Uganda: A cross-sectional study

Simon Kyazze 1, Saidi Appeli 2, Joseph Baruch Baluku 3,4, Jonathan Izudi 1,5,6*

1  Institute of Public Health and Management, Clarke International University, Kampala, Uganda, 
2  Department of Agribusiness and Extension, Faculty of Agriculture and Animal Sciences, Busitema 
University, Soroti, Uganda, 3  Division of Pulmonology, Kiruddu National Referral Hospital, Kampala, 
Uganda, 4  TB Research Group, Makerere University Lung Institute, Kampala, Uganda, 5  Department of 
Community Health, Mbarara University of Science and Technology, Mbarara, Uganda, 6  Directorate of 
Graduate Training, Research, and Innovation, Muni University, Arua, Uganda 

* jonahzd@gmail.com

Abstract 

Background

Malnutrition significantly contributes to mortality among people with tuberculosis (TB). 

However, evidence on factors associated with the specific forms of malnutrition, spe-

cifically underweight and overweight/obesity, beyond clinical determinants, remains 

limited in many settings. We investigated the prevalence and determinants of under-

weight and overweight/obesity among people with pulmonary TB across five health 

facilities in Kampala, Uganda.

Methods

This analytic cross-sectional study involved people with pulmonary TB, either clini-

cally diagnosed or bacteriologically confirmed, aged ≥18 years sampled across five 

health facilities in Kampala, Uganda. Nutritional status was assessed using body 

mass index (BMI, kg/m²) and categorized as underweight (<18.5), normal weight 

(18.5–24.9), and overweight/obese (≥25.0). To identify factors independently associ-

ated with nutritional status, normal weight was considered as the reference category 

in a multinomial logistic regression analysis, adjusting for multiple covariates and 

clustering at the health facility level. The measure of association was the adjusted 

relative risk ratios (aRRR) and the corresponding 95% confidence intervals (CI).

Results

Of the 818 participants studied, 417 (51.0%) had normal weight, 302 (36.9%) were 

underweight, and 99 (12.1%) were overweight or obese. Adjusted analysis showed 

that being underweight was associated with household food insecurity (aRRR 2.04, 
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95% CI: 1.48–2.80) while being overweight or obese was associated with self- 

employment (aRRR 2.26, 95% CI: 1.35–3.79) and being newly diagnosed with TB 

(aRRR 2.10, 95% CI: 1.30–3.41).

Conclusion

This study, conducted among people with pulmonary TB in an urban setting in 

Uganda, showed that underweight and overweight/obesity are prevalent. Further-

more, the study showed that food insecurity is associated with being underweight, 

while being overweight or obese is associated with being self-employed or newly 

diagnosed with TB. Therefore, TB control programs need to regularly assess the 

nutritional status of people with TB to mitigate the effect of being underweight or over-

weight on treatment outcomes.

Introduction

Malnutrition is prevalent among people with tuberculosis (TB), and it negatively 
impacts treatment outcomes [1–3]. For instance, people with TB who are malnour-
ished are more likely to experience delayed sputum smear conversion, reduced  
treatment success, and higher mortality when compared with those who are well- 
nourished [4,5]. Furthermore, malnutrition, particularly underweight, contributes to 
higher mortality rates among people with TB [6]. The rising prevalence of both under-
weight and overweight/obesity among people with TB further compounds mortality. 
Therefore, understanding the full scope of malnutrition—underweight and overweight 
or obesity—is important for improving treatment outcomes among people with TB.

In low-income countries such as Uganda, TB and malnutrition are common. A 
systematic review and meta-analysis that involved 48,598 people with TB reported 
a 48.0% pooled prevalence of malnutrition, with factors such as testing positive for 
Mycobacterium TB, low income, and rural residence being strongly associated with 
malnutrition [7]. Observational epidemiological studies further show that undernutri-
tion, particularly underweight, is prevalent among people with TB and that it reduces 
treatment success and increases mortality [5,8]. A case-control study found that 
household contacts of people with multi-drug-resistant TB who are malnourished 
are more likely to develop TB when compared with household contacts of those with 
multi-drug-resistant TB who are well-nourished [9], highlighting the broader public 
health implications of malnutrition. Additionally, malnourished household contacts are 
more likely to get infected with TB than well-nourished household contacts [10]. This 
highlights the importance of nutrition supplementation, not just to people with TB, 
but also to their household contacts. However, the majority of the existing research 
evidence around malnutrition among people with TB has focused predominantly on 
undernutrition and the associated factors, with few studies investigating its effect on 
treatment outcomes.

While researching undernutrition among people with TB is important, previous 
studies have not focused on the growing burden of overweight and obesity, which 
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also significantly contributes to the burden of malnutrition. Furthermore, the factors that influence both underweight and 
overweight or obesity among people with TB, beyond clinical determinants, remain inadequately understood. More-
over, the majority of past studies have combined both underweight and overweight or obesity as a single category of 
malnutrition.

This masks the meaningful differences between these conditions regarding the independent determinants and potential 
impact on people with TB. Accordingly, we investigated the prevalence and determinants of both underweight and over-
weight/obesity among people with clinically diagnosed and bacteriologically confirmed pulmonary TB across five health 
facilities in Kampala, Uganda. This evidence may contribute to informing targeted and effective interventions to improve 
the nutritional status of people with TB, which, in turn, may enhance treatment outcomes.

Methods and materials

Study design and setting

This analytic cross-sectional study was conducted at five health facilities in Kampala, Uganda. The study sites included 
Kisenyi Health Centre (HC) IV, Kawaala HC III, Komamboga HC III, Kitebi HC III, and Kisugu Health Centre III. These 
health facilities provide TB care per national TB treatment guidelines and have been previously described [11–13]. This 
study adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for 
cross-sectional studies [14].

Study population and sampling

The study population consisted of individuals aged 18 years or older with pulmonary TB, either clinically diagnosed or bac-
teriologically confirmed. Individuals with bacteriologically confirmed pulmonary TB were those with a biological specimen 
that was positive for Mycobacterium TB on smear microscopy, culture, or molecular tests like GeneXpert. The participants 
were treated with the standard six-month anti-TB regimen that comprised rifampicin (R), isoniazid (H), pyrazinamide (Z), 
and ethambutol (E) for two months, followed by rifampicin and isoniazid for four months (2RHZE/4RH). Participants were 
consecutively sampled across the study sites until the required sample size was achieved.

Study variables and data collection

The outcome variable was nutritional status, computed using the body mass index (BMI) as weight (kilograms, kg) 
divided by height (meters squared, m²). BMI was categorized as underweight (BMI < 18.5 kg/m²), normal weight (BMI 
18.5–24.9 kg/m²), or overweight/obese (BMI ≥ 25.0 kg/m²). The independent variables included sociodemographic, clinical, 
dietary, and socio-behavioral factors.

Sociodemographic factors included age (categorized as <25 vs. ≥ 25 years), sex (male or female), marital status (mar-
ried or never married), educational level (none/primary vs. secondary and above), and employment status (employed vs. 
unemployed). Clinical factors included human immunodeficiency virus (HIV) status, TB treatment history, such as new TB 
diagnosis or retreatment TB, anti-TB regimen type, and mental well-being. Sociobehavioral factors included TB-related 
stigma, smoking, alcohol consumption, and household violence. Dietary factors included food insecurity and dietary diver-
sity. Alcohol consumption was measured using the Alcohol Use Disorders Identification Test–Consumption (AUDIT-C), and 
the scores ranged from 0 to 12. Food insecurity (FI) was measured using the Food Insecurity Experience Scale (FIES), 
a global reference scale developed by the Food and Agriculture Organization (FAO). The FIES consists of nine items, 
each scored as 1 (affirmative) or 0 (non-affirmative), yielding a total score of 0–8. Participants scoring 0–3 were classified 
as food secure, while those scoring 4–8 were considered food insecure. Dietary diversity was assessed using the World 
Food Programme (WFP) Food Consumption Score (FCS), based on a 24-hour dietary recall. Scores of ≤21 indicated 
poor dietary diversity, 21.5–35 borderline dietary diversity, and >35 acceptable dietary diversity. In this study, inadequate 
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dietary diversity included poor and borderline categories, while adequate dietary diversity referred to the acceptable level 
category. The entire data was collected between September 02, 2024, and November 29, 2024. Five trained and super-
vised research assistants collected the data using a standardized questionnaire. Each research assistant held at least a 
diploma in health sciences and a minimum of three years of quantitative data collection experience. All the data collection 
took place within the health facility premises after obtaining informed consent.

Quality control measures

To ensure data validity and reliability, the questionnaire was pre-tested in a non-study area before the data collection. 
Also, the research assistants received training on the study protocol, informed consent procedures, ethical research con-
duct, and data collection techniques. Quality control measures, including logical skips, range restrictions, and alerts, were 
implemented during data entry to ensure data integrity. Filled-out questionnaires were reviewed for completeness by data 
entrants before the data entry, and random checks were also implemented to ensure the data entered was accurate.

Statistical methods

Sample size determination.  This study aimed to determine the prevalence of malnutrition (objective 1) and the 
associated factors (objective 2). Therefore, the sample size calculation followed the confidence interval approach using 
a single proportion formula for objective 1 and the statistical significance approach using a two-proportion formula for 
objective 2, as shown in previous studies [15,16]. First, based on a reported malnutrition prevalence of 46% among adults 
with TB at a national referral hospital (the Mulago National Referral Hospital) TB clinic [17], the Kish and Leslie formula 
estimated that 382 participants were needed, assuming a 95% confidence level and a 5% margin of error. Adjusting 
for a 2.6% non-response rate, the final sample size was 393. Second, using the statistical significance approach, we 
hypothesized that people with TB who smoke have a higher prevalence of malnutrition compared to those who do not 
smoke. In Nambi’s study, the prevalence of malnutrition among smokers was 53.6%. To detect a 10% difference in 
malnutrition between smokers and non-smokers at a 5% level of significance (α = 0.05) and 80% statistical power, we 
calculated a required sample size of 822 participants using a two-sided Chi-square test. Overall, we considered the larger 
sample size of 822 participants because it allowed us to adequately address both objectives.

Data analysis.  The analysis was performed in R version 4.0.2. We used descriptive statistics to summarize categorical 
variables (for example, sex and employment status) as frequencies and percentages. We cross-tabulated the independent 
variables by nutritional status (normal weight, underweight, and overweight/obesity) and assessed differences in their distribution 
using tests of statistical significance. The Chi-square test was used to assess whether or not there was a significant difference 
among the levels of the dependent variable. In the inferential level of analysis, normal weight (coded as “0”) served as the 
reference category, while underweight (coded as “1”) and overweight/obesity (coded as “2”) were the comparison groups. This 
coding scheme defined the outcome as a nominal variable. Besides, some types of models, including the multinomial logistic 
regression model, also known as the baseline-category logit model, may be used whether the response variable is ordinal or 
nominal. We ran a multinominal logistic regression model to identify factors associated with underweight and overweight/obesity, 
with normal weight as the reference category, adjusting for multiple covariates and clustering at the health facility level.

The model covariates were selected a priori based on existing literature and their social and biological relevance. 
Findings were reported as adjusted relative risk ratios (aRRR) with the respective 95% confidence intervals (CI). We eval-
uated the model fit using McFadden’s pseudo-R² value, which ranges from 0 to just under 1. McFadden’s values below 
0.10 indicate poor fit, 0.10 to 0.19 suggest modest fit, 0.20 to 0.39 indicate good fit, and values of 0.40 or higher reflect 
excellent fit. Additionally, we tested the independence of irrelevant alternatives (IIA) assumption, one of the most important 
assumptions in a multinominal logit model, using the Hausman test. This assumption suggests that the odds of choosing 
between any two alternatives are independent of the presence or characteristics of other alternatives.
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Baseline-category logit model: The baseline-category logit model is generally described as:

	
loge

[
π (Y = j | x1,x2, . . . , xJ)
π (Y = J | x1,x2, . . . , xJ)

]
= β0j + β1jx1 + β2jx2 + . . .+ βpj · · · , j = 1, 2, . . . , J – 1

	

Where;
J = Number of categories of Y (Nutritional status)
Y = Multicategory response variable (Nutritional status)
π = Response probabilities

β0j = Intercepts

x1, x2 . . . xp= Covariates for the respective case

β1j,β2j . . . βpj = Regression coefficients

Ethical issues

The study was approved by the Clarke International University Research Ethics Committee (CIU-REC, 
CLARKE-2024–1100, dated July 23, 2024). Administrative clearance was obtained from the Kampala Capital City Author-
ity Directorate of Public Health and Environment (DPHE/KCCA/1301/01, dated August 13, 2024). All participants gave 
written informed consent after receiving detailed explanations about the study procedures, potential benefits, risks, time 
compensation, and voluntary participation, including the right to withdraw at any stage. Confidentiality was maintained 
through anonymized data collection and secure data storage.

Results

Characteristics of participants

Table 1 presents the demographic characteristics of the participants. We studied 818 participants (818/822, a 99.5% 
response rate), the majority of whom were from Kisenyi HC IV (24.7%), aged 25 years or older (62.6%), male (52.9%), 
married, self-employed like engaged in small-scale business, had attained at least a secondary level of education, had low 
socioeconomic status, and were newly diagnosed with pulmonary TB. Additionally, many participants (91.1%) had HIV, 
came from food-insecure households (58.1%), never smoked cigarettes (86.7%), and experienced household violence 
(73.2%). We found statistically significant differences in nutritional status by type of employment, socioeconomic status, 
TB treatment history, and household food insecurity.

Nutritional status of the participants

Among the 818 participants, 417 (51.0%) had normal weight, 302 (36.9%) were underweight, and 99 (12.1%) were over-
weight or obese (Fig 1).

Factors associated with underweight and overweight/obesity among people with TB

After adjusting for all important factors in the multinominal logistic regression analysis, the findings in Table 2 showed that 
being underweight rather than having a normal weight was more likely among participants from food-insecure households 
compared to food-secure households (adjusted relative risk ratio [aRRR] 2.04, 95% CI: 1.48–2.80). Conversely, over-
weight or obesity was more likely among participants who were self-employed than those without any form of employ-
ment (aRR 2.26, 95% CI: 1.35–3.79) and among individuals newly diagnosed with TB than those being retreated for TB 
(aRRR 2.10, 95% CI: 1.30–3.41). The remaining factors were not significantly associated with underweight or overweight/
obesity. McFadden’s pseudo R² for the final multinomial logistic regression model was 0.1, indicating a modest model fit. 
While pseudo-R² values in logistic models are generally lower than those in linear models, a value of 0.1 is considered 
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acceptable in epidemiological research, particularly since the outcome is influenced by multiple unmeasured factors. Also, 
the results showed that the independence of irrelevant alternatives assumption (IIA) was not violated (p-value = 0.165).

Discussion

We studied the prevalence of underweight and overweight/obesity and the associated factors among people with clinically 
diagnosed and bacteriologically confirmed pulmonary TB in Kampala, Uganda. We found that 13.2% of the participants 
have a normal weight, 36.9% are underweight, and 12.1% are overweight or obese. This finding is consistent with the 

Table 1.  Characteristics of participants.

Variables Level All (n = 818) Normal weight 
(n = 417)

Underweight 
(n = 302)

Overweight/ 
obesity (n = 99)

P-value

Health facility Kisenyi Health Centre IV 202 (24.7) 108 (25.9) 72 (23.8) 22 (22.2) 0.915

Kawaala HC III 180 (22.0) 94 (22.5) 65 (21.5) 21 (21.2)

Komamboga HC III 180 (22.0) 91 (21.8) 67 (22.2) 22 (22.2)

Kitebi HC III 180 (22.0) 92 (22.1) 66 (21.9) 22 (22.2)

Kisugu HC III 76 (9.3) 32 (7.7) 32 (10.6) 12 (12.1)

Age categories (years) <25 306 (37.4) 167 (40.0) 102 (33.8) 37 (37.4) 0.229

25 and above 512 (62.6) 250 (60.0) 200 (66.2) 62 (62.6)

Sex Male 433 (52.9) 219 (52.5) 168 (55.6) 46 (46.5) 0.276

Female 385 (47.1) 198 (47.5) 134 (44.4) 53 (53.5)

Marital status Married 562 (68.7) 285 (68.3) 218 (72.2) 59 (59.6) 0.062

Not married 256 (31.3) 132 (31.7) 84 (27.8) 40 (40.4)

Type of employment Nothing/ none 312 (38.1) 177 (42.4) 110 (36.4) 25 (25.3) 0.005

Self-employed 506 (61.9) 240 (57.6) 192 (63.6) 74 (74.7)

Level of education Primary or None 324 (39.6) 161 (38.6) 117 (38.7) 46 (46.5) 0.330

Secondary and above 494 (60.4) 256 (61.4) 185 (61.3) 53 (53.5)

Socioeconomic status Low 283 (34.6) 136 (32.6) 98 (32.5) 49 (49.5) 0.025

Moderate 280 (34.2) 147 (35.3) 106 (35.1) 27 (27.3)

High 255 (31.2) 134 (32.1) 98 (32.5) 23 (23.2)

TB treatment history New 435 (53.2) 219 (52.5) 147 (48.7) 69 (69.7) 0.001

Retreatment 383 (46.8) 198 (47.5) 155 (51.3) 30 (30.3)

HIV serostatus Negative 73 (8.9) 38 (9.1) 28 (9.3) 7 (7.1) 0.786

Positive 745 (91.1) 379 (90.9) 274 (90.7) 92 (92.9)

Dietary diversity Low 568 (69.4) 296 (71.0) 204 (67.5) 68 (68.7) 0.606

High 250 (30.6) 121 (29.0) 98 (32.5) 31 (31.3)

Household food insecurity No 343 (41.9) 193 (46.3) 93 (30.8) 57 (57.6) <0.001

Yes 475 (58.1) 224 (53.7) 209 (69.2) 42 (42.4)

Alcohol consumption Low risk 310 (37.9) 142 (34.1) 123 (40.7) 45 (45.5) 0.061

Increasing risk 355 (43.4) 203 (48.7) 119 (39.4) 33 (33.3)

High risk 94 (11.5) 41 (9.8) 39 (12.9) 14 (14.1)

Possible dependence 59 (7.2) 31 (7.4) 21 (7.0) 7 (7.1)

Tobacco smoking No 709 (86.7) 357 (85.6) 259 (85.8) 93 (93.9) 0.076

Yes 109 (13.3) 60 (14.4) 43 (14.2) 6 (6.1)

Experienced household 
violence

No 219 (26.8) 109 (26.1) 78 (25.8) 32 (32.3) 0.411

Yes 599 (73.2) 308 (73.9) 224 (74.2) 67 (67.7)

https://doi.org/10.1371/journal.pone.0324584.t001

https://doi.org/10.1371/journal.pone.0324584.t001
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8.7% prevalence of overweight but lower than the 43.1% prevalence of normal weight and underweight (48.2%) among 
people with TB in a past study in western Ethiopia [18]. The difference in the normal and underweight prevalence rates 
between the present and past studies may be explained by varying sociodemographic, economic, and dietary factors 
across the study settings.

This study showed that food insecurity is associated with being underweight, while being self-employed and newly 
diagnosed with pulmonary TB is associated with being overweight or obese. The finding that food insecurity is associated 
with being underweight is consistent with previous studies. A case-control study among people with TB in Brazil reported a 
26.2% prevalence of underweight, with 64% of the participants reporting some degree of food insecurity [19]. This finding 
suggests a potential link between food insecurity and underweight, which is consistent with our results. Evidence from 
epidemiological studies conducted in other populations supports our findings as well. For example, in India, a study found 
that 27% of adults aged ≥60 years were underweight, and food-insecure individuals were significantly more likely to be 
underweight than their food-secure counterparts [20]. Similarly, in households with a child or children with HIV, the preva-
lence of food insecurity was 59%, with more stunted children among food-insecure than in food-secure households [21]. 
The study’s findings may be explained by limited access to nutrient-rich foods among people with TB from food-insecure 
households, resulting in chronic energy and protein deficiencies, hence contributing to underweight. Besides, in food- 
insecure households, meal skipping and reduced portion sizes are the most frequent coping mechanisms, leading to pro-
longed fasting, muscle breakdown, and eventually weight loss. Furthermore, food-insecure households are characterized 
by inadequate dietary diversity, leading to restricted micronutrient intake, hence exacerbating underweight.

We found that people with newly diagnosed TB are more likely to be overweight or obese compared to those with 
retreatment TB. This is a unique finding as there is limited literature to support it. However, following extensive literature 
searching, we identified a study that reported that people with retreatment TB have a reduced likelihood of weight gain 
compared to those with newly diagnosed TB [22]. Our findings may be explained by the prolonged catabolic effects of TB 
infection in people with retreatment TB. TB is a known hypermetabolic disease that induces increased energy expendi-
ture, loss of appetite, and muscle wasting. These changes contribute to weight loss. Therefore, people with retreatment 
TB may experience persistent and increased energy expenditure, appetite loss, and muscle wasting compared to those 
newly diagnosed with TB. This leads to prolonged undernutrition and difficulty in weight gain among people with retreat-
ment TB when compared with those newly diagnosed with TB.

Fig 1.  Bar graph showing nutritional status among people with TB.

https://doi.org/10.1371/journal.pone.0324584.g001

https://doi.org/10.1371/journal.pone.0324584.g001
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The study showed that people with TB who are self-employed (for example, engaged in small-scale businesses) are 
more likely to be overweight or obese compared to their unemployed counterparts. This finding may be explained by sev-
eral interconnected factors.

First, self-employment often serves as a proxy for relatively higher socioeconomic status, which is typically associated 
with greater access to food, including energy-dense and processed foods.

These factors collectively contribute to increased caloric intake, hence, overweight or obesity. Additionally, individuals 
with high socioeconomic status can afford conveniences that reduce physical activity, such as motorized transport. This 
may contribute to reduced energy expenditure, hence overweight or obesity. Second, self-employed people with TB may 
exhibit dietary patterns characterized by higher consumption of fast or processed foods, which are typically rich in fats, 
sugars, and refined carbohydrates. These dietary behaviors are strongly linked to weight gain and obesity. Overall, the 
combination of low physical activity and higher energy intake creates a positive energy balance, thereby increasing the 
likelihood of overweight and obesity among the subgroup. Appiah and colleagues showed that employment, whether 
formal or informal, is associated with malnutrition measured as underweight and overweight/obesity combined [23]. 

Table 2.  Results of a multinominal logistic regression analysis of factors associated with underweight and overweight or obesity among 
people with TB.

Underweight vs. normal weight Overweight/ obesity vs. 
normal weight

Variables Levels aRRR 95% CI aRRR 95% CI

Age categories years <25 1

25 and above 1.32 0.95-1.82 0.86 0.53-1.41

Sex Male 1 1

Female 0.91 0.67-1.24 1.27 0.80-2.01

Level of education Primary or none 1

Secondary and above 1.00 0.73-1.37 0.79 0.50-1.25

Type of employment Nothing/ none 1 1

Self-employed 1.32 0.96-1.82 2.26** 1.35-3.79

Marital status Married 1 1

Not married 0.82 0.58-1.15 1.53 0.95-2.47

Socioeconomic status Low 1 1

Moderate 1.01 0.69-1.47 0.58 0.33-1.01

High 1.02 0.69-1.51 0.57 0.32-1.03

Household food insecurity No 1 1

Yes 2.04*** 1.48-2.80 0.69 0.43-1.10

Alcohol consumption scores 1-unit increase 0.95 0.79-1.13 0.90 0.69-1.18

Tobacco smoking No 1 1

Yes 1.01 0.65-1.56 0.43 0.18-1.04

TB treatment history Retreatment 1 1

New 0.85 0.63-1.15 2.10** 1.30-3.41

HIV serostatus Negative 1 1

Positive 0.92 0.54-1.57 0.95 0.39-2.28

Dietary diversity Inadequate 1 1

Adequate 1.15 0.82-1.61 1.10 0.66-1.83

Note: 1) aRRR: Adjusted Relative Risk Ratio; 2) Exponentiated coefficients are for adjusted relative risk ratio (aRRR); 95% confidence intervals in brack-
ets; and 3) Statistical significance codes at 95% CI: *p < 0.05, **p < 0.01, ***p < 0.001; 4) All analysis adjusted for clustering effect at health facility level. 
Bolded figures are statistically significant findings at a 5% significance level.

https://doi.org/10.1371/journal.pone.0324584.t002

https://doi.org/10.1371/journal.pone.0324584.t002
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Furthermore, in a previous study, a higher educational level, an indicator of employment, was associated with increasing 
BMI (potentially overweight or obesity) among people with TB [24].

Implications of study findings

The implications of our findings include the need for integrated public health interventions, including nutritional supple-
mentation, social protection programs such as cash transfers and food aid, and broader policies that address the struc-
tural determinants of food insecurity among people with TB [25]. Incorporating nutrition-sensitive approaches into TB 
treatment programs may enhance treatment success and improve the overall health outcomes among people with TB [2]. 
Such interventions are appropriate because undernutrition, for example, has been shown to reduce sputum smear con-
version and treatment success among people with bacteriologically confirmed pulmonary TB [4], including increasing the 
risk of unsuccessful treatment outcomes [2]. Additionally, tackling underweight is crucial as malnourished people with TB 
are more likely to transmit TB to their household contacts [9]. Conversely, some studies have shown that overweight and 
mild obesity are paradoxically protective against mortality during TB treatment [26,27]. Although TB is a catabolic disease 
(causing wasting and weight loss), the studies argued that the extra energy stores might improve survival chances by 
reducing mortality. Another important implication concerns the link between obesity and diabetes mellitus. Obese people 
with TB who have diabetes mellitus have a higher risk of unsuccessful treatment outcomes [28], namely treatment failure, 
relapse, and death. Lastly, obese people with TB may experience worse lung function after TB cure, partly because obe-
sity itself restricts lung expansion [29].

Study strengths and limitations

The study strengths include a reasonably large sample size, hence enhances the reliability of the findings. Besides this, 
the key variables such as household food insecurity, dietary diversity, and alcohol consumption were assessed using 
standardized and validated instruments, hence strengthening internal validity. Unlike previous studies that focused on 
underweight or overweight/obesity alone, we examined both forms of malnutrition in a single study and identified the 
different determinants. The study limitations include unmeasured confounders such as food types and quantity, worm 
infestations, and medication side effects, among others, which could influence either underweight or overweight/obesity. 
Also, since this study was conducted in an urban setting, the findings may not fully generalize to rural populations due to 
differences in food access, dietary patterns, and socioeconomic conditions. Our study population included a high propor-
tion of people with TB who also had HIV, which may have contributed to the high prevalence of underweight observed. 
Therefore, the findings may differ or may not perfectly generalize to settings where HIV prevalence among people with 
TB is lower. The findings may not also extrapolate to people with other forms of TB. Lastly, this was a cross-sectional 
study, so the findings demonstrate an association between the independent and outcome variables but not a causal rela-
tionship due to the absence of time sequence.

Conclusions and recommendations

Our study showed that among people with clinically diagnosed and bacteriologically confirmed pulmonary TB, food inse-
curity is strongly associated with being underweight, likely due to insufficient access to nutritious foods and the metabolic 
effects of TB. Conversely, being overweight or obese is associated with being self-employed, likely due to improved 
access to food and reduced physical activity. Additionally, newly diagnosed individuals with TB are more likely to be 
overweight or obese than those with retreatment TB, probably due to the prolonged catabolic effects of TB disease and 
the impact of prior TB treatment. TB control programs, therefore, need to routinely assess nutritional status among people 
with TB, including integrating nutritional supplementation and social protection programs such as cash transfers and food 
aid. Moreover, broader policies that address the structural determinants of food insecurity may enhance treatment out-
comes among people with TB.



PLOS One | https://doi.org/10.1371/journal.  February 13, 2026 10 / 11

Supporting information

S1 File. 
(CSV)

Author contributions

Conceptualization: Simon Kyazze, Joseph Baruch Baluku, Jonathan Izudi.

Data curation: Simon Kyazze, Joseph Baruch Baluku, Jonathan Izudi.

Formal analysis: Saidi Appeli, Jonathan Izudi.

Investigation: Jonathan Izudi.

Methodology: Simon Kyazze, Saidi Appeli, Joseph Baruch Baluku.

Project administration: Simon Kyazze, Jonathan Izudi.

Resources: Simon Kyazze.

Software: Jonathan Izudi.

Supervision: Jonathan Izudi.

Validation: Saidi Appeli, Joseph Baruch Baluku, Jonathan Izudi.

Visualization: Saidi Appeli, Joseph Baruch Baluku, Jonathan Izudi.

Writing – original draft: Simon Kyazze, Saidi Appeli, Joseph Baruch Baluku, Jonathan Izudi.

Writing – review & editing: Simon Kyazze, Saidi Appeli, Joseph Baruch Baluku, Jonathan Izudi.

References
	 1.	 Wekunda PW, Aduda DSO, Guyah B, Odongo J. Predictors of mortality and survival probability distribution among patients on tuberculosis treat-

ment in Vihiga County, Kenya. Afr Health Sci. 2023;23(1):218–30. https://doi.org/10.4314/ahs.v23i1.24 PMID: 37545936

	 2.	 Wagnew F, Alene KA, Kelly M, Gray D. Undernutrition increases the risk of unsuccessful treatment outcomes of patients with tuberculosis in Ethio-
pia: a multicenter retrospective cohort study. J Infect. 2024;89(1):106175. https://doi.org/10.1016/j.jinf.2024.106175 PMID: 38729526

	 3.	 Wagnew F, Alene KA, Kelly M, Gray D. The effect of undernutrition on sputum culture conversion and treatment outcomes among people with 
multidrug-resistant tuberculosis: a systematic review and meta-analysis. Int J Infect Dis. 2023;127:93–105. https://doi.org/10.1016/j.ijid.2022.11.043 
PMID: 36481489

	 4.	 Izudi J, Bajunirwe F, Cattamanchi A. Negative effects of undernutrition on sputum smear conversion and treatment success among retreatment 
cases in Uganda: a quasi-experimental study. J Clin Tuberc Other Mycobact Dis. 2024;35:100422. https://doi.org/10.1016/j.jctube.2024.100422 
PMID: 38434999

	 5.	 Engoru S, Bajunirwe F, Izudi J. Malnutrition and unsuccessful tuberculosis treatment among people with multi-drug resistant tuberculosis in 
Uganda: a retrospective analysis. J Clin Tuberc Other Mycobact Dis. 2024;37:100477. https://doi.org/10.1016/j.jctube.2024.100477 PMID: 
39224115

	 6.	 Min J, Kim JS, Kim HW, Ko Y, Oh JY, Jeong Y-J, et al. Effects of underweight and overweight on mortality in patients with pulmonary tuberculosis. 
Front Public Health. 2023;11:1236099. https://doi.org/10.3389/fpubh.2023.1236099 PMID: 37794889

	 7.	 Li A, Yuan S-Y, Li Q-G, Li J-X, Yin X-Y, Liu N-N. Prevalence and risk factors of malnutrition in patients with pulmonary tuberculosis: a systematic 
review and meta-analysis. Front Med (Lausanne). 2023;10:1173619. https://doi.org/10.3389/fmed.2023.1173619 PMID: 37636566

	 8.	 Baluku JB, Namiiro S, Nabwana M, Muttamba W, Kirenga B. Undernutrition and treatment success in drug-resistant tuberculosis in Uganda. Infect 
Drug Resist. 2021;14:3673–81. https://doi.org/10.2147/IDR.S332148 PMID: 34526787

	 9.	 Izudi J, Engoru S, Bajunirwe F. Malnutrition is a risk factor for tuberculosis disease among household contacts: a case-control study in Uganda. 
IJID Reg. 2024;12:100409. https://doi.org/10.1016/j.ijregi.2024.100409 PMID: 39224535

	10.	 Bhargava A, Bhargava M, Meher A, Benedetti A, Velayutham B, Sai Teja G, et al. Nutritional supplementation to prevent tuberculosis incidence 
in household contacts of patients with pulmonary tuberculosis in India (RATIONS): a field-based, open-label, cluster-randomised, controlled trial. 
Lancet. 2023;402(10402):627–40. https://doi.org/10.1016/S0140-6736(23)01231-X PMID: 37567200

	11.	 Kibirige L, Izudi J, Okoboi S. Discontinuation of tuberculosis treatment among children in the Kampala Capital City Authority health facilities: a 
mixed-methods study. BMC Infect Dis. 2021;21(1):511. https://doi.org/10.1186/s12879-021-06244-y PMID: 34074268

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0324584.s001
https://doi.org/10.4314/ahs.v23i1.24
http://www.ncbi.nlm.nih.gov/pubmed/37545936
https://doi.org/10.1016/j.jinf.2024.106175
http://www.ncbi.nlm.nih.gov/pubmed/38729526
https://doi.org/10.1016/j.ijid.2022.11.043
http://www.ncbi.nlm.nih.gov/pubmed/36481489
https://doi.org/10.1016/j.jctube.2024.100422
http://www.ncbi.nlm.nih.gov/pubmed/38434999
https://doi.org/10.1016/j.jctube.2024.100477
http://www.ncbi.nlm.nih.gov/pubmed/39224115
https://doi.org/10.3389/fpubh.2023.1236099
http://www.ncbi.nlm.nih.gov/pubmed/37794889
https://doi.org/10.3389/fmed.2023.1173619
http://www.ncbi.nlm.nih.gov/pubmed/37636566
https://doi.org/10.2147/IDR.S332148
http://www.ncbi.nlm.nih.gov/pubmed/34526787
https://doi.org/10.1016/j.ijregi.2024.100409
http://www.ncbi.nlm.nih.gov/pubmed/39224535
https://doi.org/10.1016/S0140-6736(23)01231-X
http://www.ncbi.nlm.nih.gov/pubmed/37567200
https://doi.org/10.1186/s12879-021-06244-y
http://www.ncbi.nlm.nih.gov/pubmed/34074268


PLOS One | https://doi.org/10.1371/journal.  February 13, 2026 11 / 11

	12.	 Sekandi JN, Neuhauser D, Smyth K, Whalen CC. Active case finding of undetected tuberculosis among chronic coughers in a slum setting in Kam-
pala, Uganda. Int J Tuberc Lung Dis. 2009;13(4):508–13. PMID: 19335958

	13.	 Baluku JB, Kabamooli RA, Kajumba N, Nabwana M, Kateete D, Kiguli S, et al. Contact tracing is associated with treatment success of index tuber-
culosis cases in Uganda. Int J Infect Dis. 2021;109:129–36. https://doi.org/10.1016/j.ijid.2021.06.049 PMID: 34174434

	14.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, et al. The Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) statement: guidelines for reporting observational studies. Epidemiology. 2007;18(6):800–4. https://doi.org/10.1097/
EDE.0b013e3181577654 PMID: 18049194

	15.	 Akello R, Kimuli D, Okoboi S, Komuhangi A, Izudi J. Prelacteal feeding among infants within the first week of birth in eastern Uganda: evidence 
from a health facility-based cross-sectional study. Int Breastfeed J. 2021;16(1):77. https://doi.org/10.1186/s13006-021-00425-w PMID: 34641932

	16.	 Tongun JB, Sebit MB, Ndeezi G, Mukunya D, Tylleskar T, Tumwine JK. Prevalence and determinants of pre-lacteal feeding in South Sudan: a 
community-based survey. Glob Health Action. 2018;11(1):1523304. https://doi.org/10.1080/16549716.2018.1523304 PMID: 30295171

	17.	 Nambi E. Prevalence and factors associated with malnutrition among adult tuberculosis patients attending the national referral tuberculosis pro-
gram clinic at Mulago Hospital. Kampala, Uganda: Makerere University; 2015.

	18.	 Obsina D, Kera AM, Zenebe AZ, Teferi S, Taye A, Belachew T. Nutritional status and associated factors among adult tuberculosis patients in public 
health centres of Horro Guduru Wollega Zone, Oromia Region, Western Ethiopia. J Nutr Sci. 2024;13:e72. https://doi.org/10.1017/jns.2024.79 
PMID: 39703887

	19.	 Mendes YC, Dourado ALL, de Oliveira PV, Rezende A de O, Sales AC de S, de Sousa GP, et al. Nutritional factors and food and nutrition insecurity 
in patients with tuberculosis. Nutrients. 2025;17(5):878. https://doi.org/10.3390/nu17050878 PMID: 40077748

	20.	 Selvamani Y, Pradhan J, Fong JH. Tobacco use, food insecurity, and low BMI in India’s older population. Nutrients. 2024;16(21):3649. https://doi.
org/10.3390/nu16213649 PMID: 39519481

	21.	 Suresh E, Srinivasan R, Valan AS, Klinton JS, Padmapriyadarsini C. Impact of house-hold food insecurity on nutritional status of HIV-infected 
children attending an ART centre in Tamil Nadu. Indian Pediatr. 2015;52(3):250–2. PMID: 25849010

	22.	 Wassie MM, Shamil F, Worku A. Weight gain and associated factors among adult tuberculosis patients on treatment in northwest ethiopia: a longi-
tudinal study. J Nutr Disorders Ther. 2014;4(143):2.

	23.	 Appiah PK, Osei B, Amu H. Factors associated with nutritional status, knowledge and attitudes among tuberculosis patients receiving treatment in 
Ghana: a cross-sectional study in the Tema Metropolis. PLoS One. 2021;16(10):e0258033. https://doi.org/10.1371/journal.pone.0258033 PMID: 
34648547

	24.	 Hao J-Q, Zhang L, Yu Y-Q, Hao M-Y, Wang A-X, Feng F-M. Analysis of dietary and nutritional status of tuberculosis patients in hulunbuir region. J 
Multidiscip Healthc. 2024;17:1231–40. https://doi.org/10.2147/JMDH.S450080 PMID: 38524862

	25.	 Sinha P, Bhargava M, Carwile ME, Dauphinais MR, Tisile P, Cintron C, et al. A roadmap for integrating nutritional assessment, counselling, and 
support into the care of people with tuberculosis. Lancet Glob Health. 2025;13(5):e967–73. https://doi.org/10.1016/S2214-109X(25)00021-X PMID: 
40120593

	26.	 Yen Y-F, Chuang P-H, Yen M-Y, Lin S-Y, Chuang P, Yuan M-J, et al. Association of body mass index with tuberculosis mortality: a population-based 
follow-up study. Medicine (Baltimore). 2016;95(1):e2300. https://doi.org/10.1097/MD.0000000000002300 PMID: 26735532

	27.	 Hanrahan CF, Golub JE, Mohapi L, Tshabangu N, Modisenyane T, Chaisson RE, et al. Body mass index and risk of tuberculosis and death. AIDS. 
2010;24(10):1501–8. https://doi.org/10.1097/QAD.0b013e32833a2a4a PMID: 20505496

	28.	 Critchley JA, Restrepo BI, Ronacher K, Kapur A, Bremer AA, Schlesinger LS, et al. Defining a research agenda to address the converging 
epidemics of tuberculosis and diabetes: Part 1: epidemiology and clinical management. Chest. 2017;152(1):165–73. https://doi.org/10.1016/j.
chest.2017.04.155 PMID: 28434936

	29.	 Allwood BW, van der Zalm MM, Amaral AFS, Byrne A, Datta S, Egere U, et al. Post-tuberculosis lung health: perspectives from the First Interna-
tional Symposium. Int J Tuberc Lung Dis. 2020;24(8):820–8. https://doi.org/10.5588/ijtld.20.0067 PMID: 32912387

http://www.ncbi.nlm.nih.gov/pubmed/19335958
https://doi.org/10.1016/j.ijid.2021.06.049
http://www.ncbi.nlm.nih.gov/pubmed/34174434
https://doi.org/10.1097/EDE.0b013e3181577654
https://doi.org/10.1097/EDE.0b013e3181577654
http://www.ncbi.nlm.nih.gov/pubmed/18049194
https://doi.org/10.1186/s13006-021-00425-w
http://www.ncbi.nlm.nih.gov/pubmed/34641932
https://doi.org/10.1080/16549716.2018.1523304
http://www.ncbi.nlm.nih.gov/pubmed/30295171
https://doi.org/10.1017/jns.2024.79
http://www.ncbi.nlm.nih.gov/pubmed/39703887
https://doi.org/10.3390/nu17050878
http://www.ncbi.nlm.nih.gov/pubmed/40077748
https://doi.org/10.3390/nu16213649
https://doi.org/10.3390/nu16213649
http://www.ncbi.nlm.nih.gov/pubmed/39519481
http://www.ncbi.nlm.nih.gov/pubmed/25849010
https://doi.org/10.1371/journal.pone.0258033
http://www.ncbi.nlm.nih.gov/pubmed/34648547
https://doi.org/10.2147/JMDH.S450080
http://www.ncbi.nlm.nih.gov/pubmed/38524862
https://doi.org/10.1016/S2214-109X(25)00021-X
http://www.ncbi.nlm.nih.gov/pubmed/40120593
https://doi.org/10.1097/MD.0000000000002300
http://www.ncbi.nlm.nih.gov/pubmed/26735532
https://doi.org/10.1097/QAD.0b013e32833a2a4a
http://www.ncbi.nlm.nih.gov/pubmed/20505496
https://doi.org/10.1016/j.chest.2017.04.155
https://doi.org/10.1016/j.chest.2017.04.155
http://www.ncbi.nlm.nih.gov/pubmed/28434936
https://doi.org/10.5588/ijtld.20.0067
http://www.ncbi.nlm.nih.gov/pubmed/32912387

