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Abstract 29 

Background: While  low body mass index (BMI) is associated with poor tuberculosis 30 

(TB) treatment outcomes, the impact of weight gain during TB treatment is unclear. To address 31 

this knowledge gap, we assessed if lack of weight gain is associated with all-cause mortality 32 

during and after TB treatment. 33 

Methods: We conducted a retrospective cohort study among adults with newly 34 

diagnosed multi- or extensively drug-resistant (M/XDR) pulmonary TB in Georgia between 35 

2009-2020. The exposure was a change in BMI during the first 3-6 months of TB treatment. All-36 

cause mortality during and after TB treatment was assessed using the National Death Registry. 37 

We used competing-risk Cox proportional hazard models to estimate adjusted hazard ratios (aHR) 38 

between BMI change and all-cause mortality. 39 

Results: Among 720 adult participants, 21% had low BMI (<18.5 kg/m2) at treatment 40 

initiation and 9% died either during (n=16) or after treatment (n=50). During the first 3-6 months 41 

of TB treatment, 17% lost weight and 14% had no weight change. Among 479 adults with normal 42 

baseline BMI ( ≥18.5–24.9 kg/m2), weight loss was associated with an increased risk of death 43 

during TB treatment (aHR=5.25; 95%CI: 1.31-21.10). Among 149 adults with a low baseline 44 

BMI, no change in BMI was associated with increased post-TB treatment mortality (aHR=4.99; 45 

95%CI: 1.25-19.94). 46 

Conclusions: Weight loss during TB treatment (among those with normal baseline BMI) 47 

or no weight gain (among those with low baseline BMI) was associated with increased rates of 48 

all-cause mortality. Our findings suggest that scaling up weight management interventions among 49 

those with M/XDR TB may be beneficial.  50 
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Introduction 51 

Low body mass index (BMI) is an established risk factor for tuberculosis (TB) and 52 

predicts worse TB treatment outcomes including higher mortality rates (1-7).  Prior studies also 53 

describe a dose-response relationship with low BMI at TB treatment initiation and poor TB 54 

treatment outcomes (8-15).  However, it is unclear whether lack of weight gain during TB 55 

treatment exacerbates the deleterious effects of low baseline BMI on treatment outcomes among 56 

patients with TB. Some studies suggest that weight gain during treatment may be associated with 57 

favorable treatment outcomes (16, 17). Early evidence suggests that weight gain during TB 58 

treatment may have a particular benefit among those who are underweight at the start of 59 

treatment (18). Additional data are needed to understand the relationship between extent of 60 

weight change during TB treatment and TB treatment outcomes, including the impact of weight 61 

change on mortality during and after TB. 62 

Given the current knowledge gaps in the understanding of the impact of weight change 63 

during TB treatment on treatment outcomes, the overall goal of our study was to assess the 64 

relationship between BMI change during treatment and TB treatment outcomes among persons 65 

with multi- or extensively drug-resistant (M/XDR) TB. We estimated the association between 66 

the change in BMI with all-cause mortality during treatment and post-TB. We also examined 67 

whether the primary associations differed by BMI at TB treatment initiation  68 

 69 

Methods 70 

Study Design and Settings  71 

We conducted a cohort study using secondary data from the Georgia National TB 72 

Program (NTP). Acid fast bacillus (AFB) sputum smear, Gene-Xpert and XpertMTB/XDR, line 73 
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probe assay (LPA), culture, and drug susceptibility testing (DST), chest X-ray, complete blood 74 

counts and fasting blood glucose (FBG) tests, weight and height measurements were conducted 75 

among patients with M/XDR-TB before treatment initiation. Some of these tests were also 76 

performed at monthly visits during treatment. In Georgia, persons with confirmed M/XDR TB 77 

receive ambulatory care treatment or are initially hospitalized based on the patients’ clinical 78 

status. All treatment is provided by directly observed therapy (DOT). Although Georgia first 79 

utilized the new anti-TB drug bedaquiline through compassionate use from 2011 to 2014, and 80 

later as part of a new DR-TB treatment program supported by MSF-France from 2014 to 2016, it 81 

was not until 2016 that the Georgian NTP formally incorporated new and repurposed anti-TB 82 

drugs such as bedaquiline, delamanid, and linezolid for the treatment of M/XDR-TB (19, 20). 83 

 84 

Study population 85 

 Persons ≥16 years old with new, bacteriologically confirmed M/XDR pulmonary TB 86 

registered in Georgian TB facilities during 2009-2020 who had completed TB treatment by the 87 

end of 2021 were eligible for inclusion in our study. Patients who did not have baseline weight 88 

and height measurements or follow up weight measurements during TB treatment were 89 

excluded. We excluded persons from the final analysis if they had their weight monitored only 90 

before the third month or after the sixth month of treatment, or if they died or discontinued 91 

treatment before the third month. This allowed us to assess the change in BMI from the start of 92 

M/XDR-TB treatment to the first 3-6 months of treatment. 93 

 94 

Data sources and data collection 95 
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We obtained data on participants’ demographic information and socioeconomic and 96 

clinical characteristics, including the data on weight change during TB treatment, from medical 97 

charts and the Georgian NTP electronic database. Additionally, the Georgia National Death 98 

Registry was used to link patient information with vital status after TB treatment. The vital status 99 

of the participants was queried on 28 February 2023. We linked the different data sources using 100 

patient name, date of birth, unique code assigned to each patient upon registration in the 101 

Georgian NTP, and/or national identification number. All collected data were entered into an 102 

online Research Electronic Data Capture (REDCap) database hosted at Georgia State University 103 

(21). 104 

 105 

Data variables and definitions 106 

The primary exposure of interest for this study was change in BMI from the start of 107 

M/XDR-TB treatment to the first 3-6 months of treatment categorized into negative change, no 108 

change, and positive change. If a patient had >1 weight measurements between the third and 109 

sixth months of treatment, the nearest measurement to the 3rd month was chosen for calculation 110 

of change in BMI. We also calculated relative change in BMI, defined as the percentage change 111 

from the start of treatment to the first 3-6 months of treatment and a rate of relative BMI change 112 

per three person months of treatment. The primary outcome of interest was all-cause mortality 113 

during TB treatment, defined as deaths during the current TB treatment episode and registered in 114 

the NTP electronic database. The secondary outcome of interest was all-cause post-TB mortality, 115 

defined as deaths registered in the National Death Registry and dated between the date of TB 116 

treatment outcome and the 28th of February 2023 when queries on mortality data were requested. 117 
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We categorized the patients as underweight/low BMI (BMI < 18.5 kg/m2), normal 118 

weight/normal BMI (BMI: 18.5 - 25.0 kg/m2), and overweight or obese/high BMI (BMI > 25.0 119 

kg/m2) (22). Covariates included age, gender, smoking status, drug resistance profile, HIV and  120 

HCV serologic status, AFB sputum smear status at baseline, and year of MDR-TB treatment 121 

initiation. 122 

 123 

Statistical analysis 124 

We compared patient characteristics across the categories of negative, no, and positive 125 

change in BMI using chi-square or Fisher’s exact test for categorical predictors, and t-test or 126 

Wilcoxon rank sum for continuous variables. Sociodemographic, behavioral, and clinical 127 

characteristics identified by directed acyclic graphs (DAG) or with bivariate p-value < 0.05 (with 128 

both exposure and outcome) were included in the multivariable analysis, and adjusted hazard rate 129 

ratios (aHRs) with 95% confidence intervals (CIs) were estimated with competing risk Cox 130 

regression. For the outcome – death during TB treatment, patients who did not die during TB 131 

treatment were censored on the date of their TB treatment outcome. For the outcome – death 132 

after completion of TB treatment, participants were censored 1) at the death date if they died 133 

during treatment (competing risk), 2) on 28 February 2023 if they did not die until the date 134 

mortality status was obtained; or 3) at the day of their TB treatment outcome date, if they were 135 

not listed as dead in the Georgian National Death Registry. We assessed the proportional hazard 136 

assumptions with Schoenfeld’s residuals tests (23). In addition, we examined the unadjusted and 137 

adjusted associations of change in BMI with outcomes in the cohorts stratified by baseline BMI 138 

categories (low, normal, and high BMI) and MDR-TB treatment initiation period (2016-2020 139 
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when new anti-TB drugs were used vs 2009-2015 during a period before the introduction of new 140 

anti-TB drugs). 141 

 142 

Sensitivity analysis 143 

 Because a substantial proportion of (34.8%) eligible patients did not have available data 144 

on change in BMI throughout the first 3-6 months of treatment (and were not included in the 145 

final analyses), we compared baseline characteristics of the cohort included in the study vs. those 146 

excluded from the study to determine any differences between these two groups. In addition, we 147 

estimated the cumulative hazard rates for all-cause mortality during treatment in the included and 148 

excluded cohorts. 149 

 150 

Ethical considerations 151 

The study was approved by the Institutional Review Boards (IRBs) at the National Center 152 

for Tuberculosis and Lung Disease (Tbilisi, Georgia) and at Georgia State University (Atlanta, 153 

GA, USA).  154 

 155 

Results 156 

Baseline characteristics of M/XDR TB patients 157 

A total of 720 eligible study participants with M/XDR TB who had baseline and follow 158 

up BMI measures were included (Figure 1). The median age of participants was 35.5 years 159 

(IQR: 26.5-49.0), and 68.8% were male. Most participants had positive AFB sputum smear 160 

microscopy (63.5%) results at MDR-TB treatment initiation. During a period when there was the 161 

availability of new and repurposed anti-TB drugs (2016-2020), 329 (45.7%) were enrolled in 162 
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MDR-TB treatment. Among study participants, 149 (20.7%) had low baseline BMI, and 92 163 

(12.8%) were either overweight or obese at MDR-TB treatment initiation. Median baseline BMI 164 

was 20.6 kg/m2 (IQR: 18.8-23.0). Among all patients, 123 (17.1%) had a decrease in BMI, and 165 

499 (69.3%) had an increase in BMI during the first 3-6 months of MDR-TB treatment (Table 166 

1). The median relative change in BMI during these initial months was an increase of 2.8% 167 

(IQR: 0%-6.3%). Among those who lost or gained weight, the median baseline BMI was 20.8 168 

kg/m2 (IQR: 18.9-24.6) and 20.5 kg/m2 (IQR: 18.8-22.7), respectively (Table 1). Overall, 46 169 

(30.9%) of 149 with a low baseline BMI and 135 (28.2%) of 479 with normal baseline BMI 170 

either lost or did not gain weight during the first three-six months of TB treatment. More than 171 

half (56.5%) of overweight/obese patients had positive change in BMI (Table 1).  172 

 173 

Association between change in BMI and all-cause mortality during and after TB treatment 174 

Among 720 patients with M/XDR TB, 16 (2.2%) died during and 50 (6.9%) died after 175 

TB treatment (Table 2). Those with older age (HR=1.04 per month; 95% CI: 1.01-1.08) and 176 

those with HIV infection (HR=7.81; 95% CI: 1.76-34.67) were at increased risk for death during 177 

TB treatment. The cumulative incidence of death during treatment was 4.1% among those with 178 

weight loss, 3.1% in those with no change, and 1.6% in those with positive BMI change. 179 

Supplemental Figure A presents mortality during and after TB treatment by change in BMI 180 

during MDR-TB treatment.  181 

In multivariate analysis, the aHR of all-cause mortality during TB treatment was 2.63 182 

(95% CI: 0.85-8.08) for those with negative change in BMI compared to those with positive 183 

change in BMI. The aHR of all-cause mortality post-TB treatment was 1.99 (95% CI: 0.96-4.11) 184 

for those with no change compared to those with positive change in BMI. When participants 185 
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were stratified by BMI at MDR-TB treatment initiation, among 149 study participants with low 186 

BMI at TB treatment initiation, those who had no change in BMI (compared to those with a 187 

positive change in BMI) were at increased risk of all-cause post-TB mortality (HR=4.42; 95% 188 

CI: 1.18 – 16.47). After adjusting for age, gender, year of treatment initiation, baseline sputum 189 

smear results and cavitation on chest radiograph, the association remained significant 190 

(aHR=4.99; 95% CI: 1.25- 19.94). Among 479 adults with normal BMI at treatment initiation, 191 

weight loss compared to weight gain was statistically significantly associated with an increased 192 

risk of death during TB treatment in unadjusted (HR = 5.11; 95% CI: 1.28- 20.44) and adjusted 193 

models  (aHR = 5.25; 95%CI: 1.31- 21.10) (Table 3). 194 

 195 

Sensitiivty Analysis: Baseline characteristics and mortality rate among included and excluded 196 

participants 197 

Baseline characteristics were similar between participants included and excluded from 198 

the study, except for age, baseline sputum smear results, and treatment period. The median age 199 

of the included and excluded individuals was 35.5 (IQR: 26.5-49.0) and 34.0 (IQR: 25.0-46.0) 200 

(p-value=0.03) respectively. More participants in the included cohort had positive sputum smear 201 

results at treatment initiation (63.5% vs. 51.0%; p-value<0.01). In addition, persons excluded 202 

from the study started MDR-TB treatment in 2009-2015 (65.2%) compared to 54.3% of those 203 

included in the study cohort (p-value<0.01) (Table 4). Difference in mortality during treatment 204 

between included and excluded participants was not statistically significant (Supplemental 205 

Table B).  206 
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 207 

Discussion 208 

Our study demonstrated that failure to gain weight during treatment for participants with 209 

M/XDR-TB was associated with an increased rate of all-cause mortality during and after TB 210 

treatment among those with low and normal BMI at the time of treatment initiation. Overall, we 211 

found that a high proportion (30.7%) of participants had lost (17.1%) or did not gain weight 212 

(13.6%) during the first 3-6 months of MDR-TB treatment. Patients with low baseline BMI who 213 

did not gain weight during the first 3-6 months of treatment had nearly five times the relative rate 214 

of all-cause post-TB mortality than those who gained weight. In addition, patients with normal 215 

baseline BMI who lost weight also had more than five times the relative rate of all-cause 216 

mortality during the treatment compared to those who gained weight. Thus, our study found an 217 

important association between failure to gain weight and weight loss during MDR-TB treatment 218 

and treatment outcome.  219 

In our study, we obtained population-based data from more than ten years using multiple 220 

sources, including the Georgian NTP electronic database, paper-based medical charts, and the 221 

National Death Registry. The use of multiple population-based data sources helped ensure more 222 

complete and accurate data, which increases the rigor and generalizability of our findings. 223 

Additionally, the use of a comprehensive source of mortality data extended the scope of our 224 

study to include information on post-TB mortality and allowed us to assess the impact of BMI 225 

changes during TB treatment on long-term health outcomes.  226 

The study presents stratified data indicating that a lack of weight gain during TB 227 

treatment amplifies the negative impact of low baseline BMI on treatment outcomes among 228 

patients with MDR-TB. Our results provide additional insights to prior studies including a 2016-229 
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2018 study from Guinea by Diallo et. al. among 165 patients with MDR-TB and a study by 230 

Chung-Delgado et. al. among 243 patients with MDR-TB from Peru. The prior studies from 231 

Guinea and Peru examined the correlation between weight change and TB treatment outcomes 232 

and found that the success of the MDR-TB treatment and the absence of lung cavities on the 233 

chest X-ray were associated with an increase in BMI in patients during TB treatment (16, 17).  234 

Unlike prior studies, our analyses specifically examined the impact of weight gain on mortality 235 

among patients with different baseline BMI levels. A study from Philippines by Gler et. al. 236 

among 439 patients with MDR-TB examined the association of weight gain with favorable TB 237 

treatment outcomes among underweight patients, and suggested that weight gain during TB 238 

treatment had a positive impact on treatment outcomes, but did not assess long-term outcomes 239 

such as post-TB mortality (18).  240 

To our knowledge, our study is the first to assess the relationship between changes in 241 

BMI during TB treatment and treatment outcomes in Georgia. Previous studies in Georgia have 242 

reported on the relationship between baseline BMI and TB treatment outcomes as a secondary 243 

analysis, rather than as a primary focus of their research (8, 10, 12) .Notably, a study by 244 

Adamashvili et al. in Georgia reported an association between BMI and all-cause post-TB 245 

mortality but did not specifically examine the role of BMI change during treatment (8).  246 

Initial low BMI and lack of weight gain during TB treatment may be related to mortality 247 

through several biological pathways. First, TB is associated with a catabolic state which may 248 

induce or worsen malnutrition (24). Individuals with more severe TB are likely to experience 249 

wasting of lean and fat mass in addition to loss of micronutrients (25, 26). Therefore it is 250 

plausible that low BMI at the time of treatment initiation is a marker of more severe TB disease 251 

and consequently individuals with low BMI are also at increased risk of poor TB outcomes (27). 252 
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Second, inadequate nutrition may accelerate Mtb growth, replication, and necrosis resulting in a 253 

chronic inflammatory response which can result in cavitation (28). Tissue damage from TB may 254 

disrupt glucose metabolism and further influence weight gain during TB treatment (29). Third, 255 

undernutrition may impact the absorption and metabolism of anti-TB drugs (30), which can 256 

increase the risk of TB treatment failure and mortality.  257 

Addressing TB-related undernutrition issues requires comprehensive care, including 258 

weight monitoring and nutritional support. Our findings have critical implications for developing 259 

nutritional intervention studies among patients with TB. A randomized trial conducted in India 260 

concluded that nutritional intervention led to a substantial (39–48%) relative reduction in 261 

tuberculosis incidence among households contacts of index TB cases over a 2-year follow-up 262 

period. Given our study’s demonstration of the negative impact of weight loss during TB 263 

treatment on treatment outcomes, further investigations are needed to determine whether 264 

nutritional interventions are beneficial and improve treatment outcomes among those with active 265 

TB disease, particularly among individuals with low BMI during treatment (31). 266 

Our study is subject to limitations. One-fourth of the eligible patients with M/XDR-TB 267 

did not have weight measurements reported during TB treatment, 5% did not have weight 268 

monitoring within the first 3-6 months of TB treatment, and an additional 5% either discontinued 269 

treatment or died before the third month of TB treatment and were excluded from the analyses. 270 

To address this limitation, we compared baseline characteristics of the excluded and included 271 

participants to determine if there were any significant differences that could potentially affect the 272 

study outcomes. Those excluded from the study were more likely to be diagnosed with TB in the 273 

earlier time period (2009-2015) compared to the more recent time period (2016-2020), (65.2% 274 

vs. 34.85) (p-value=<0.01). To ensure that the study findings are representative of the entire 275 
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population and not biased due to missing data, we controlled the primary associations for the 276 

baseline characteristics by which included and excluded participants differed. In addition, 277 

analyzing cohorts enrolled in MDR-TB treatment in different years could result in biased 278 

findings because new and repurposed anti-TB drugs were introduced in 2016 for treatment of 279 

M/XDR-TB. Patient-level treatment regimen data was not included. To address this limitation, 280 

we analyzed participants stratified by time period of treatment initiation (before and after 281 

introducing new and repurposed TB drugs). Finally, this was a retrospective study. Thus, the data 282 

were not initially collected specifically for research purposes and there was some variability in 283 

the timing of weight monitoring during treatment. We addressed this issue of timing by 284 

calculating the rate of relative change in BMI per 90 days and including it as a continuous 285 

variable in the analysis. 286 

 287 

Conclusion  288 

Our retrospective population-based cohort study that included persons with M/XDR-TB 289 

from Georgia demonstrated an association of weight gain with lower rates of all-cause mortality 290 

during and after TB treatment, especially among patients with low or normal baseline BMI. In 291 

analyses stratified by baseline BMI, weight loss during TB treatment (among those with normal 292 

BMI) or no weight gain (among those with low BMI) was associated with increased rates of all-293 

cause mortality. Thus, the study’s findings suggest that weight gain during TB treatment is an 294 

important predictor of favorable treatment outcomes. These findings also have implications for 295 

future treatment guidelines and emphasize the need for studies on interventions for patients with 296 

drug-resistant (and drug susceptible) TB, especially those with undernutrition and assessing 297 
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whether nutritional supplements can reduce mortality among patients at high risk for poor 298 

outcomes.  299 

  300 
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Tables and Figures 
 

Table 1. Patient and clinical baseline characteristics among M/XDR TB patients by change in BMI, Georgia, 2009-2020 (N=720) 
 Total 

N (%) 
720 

Negative change in BMI 
N (%) 

123 (17.1%) 

No change in BMI 
N (%) 

98 (13.6%) 

Positive change in BMI 
N (%) 

499 (69.3%) 

p-value1 p-value2 

Baseline BMI (kg/m2)     0.07663 0.78703 
Median (IQR) 20.6 (18.8-23.0) 20.8 (18.9-24.6) 20.9 (18.9-22.8) 20.5 (18.8-22.7)   

Categorical Baseline BMI 
(kg/m2) 

    0.00114 0.76334 

Low (<18.5) 149 (20.7) 24 (19.5) 22 (22.5) 103 (20.7)   
Normal (18.5 – 24.9) 479 (66.5) 71 (57.7) 64 (65.3) 344 (68.9)   
Overweight/Obese (> 25) 92 (12.8) 28 (22.8) 12 (12.2) 52 (10.4)   

Age (years)     0.13583 0.28203 
Median (IQR) 35.5 (26.5-49.0) 38.0 (28.0-53.0) 33.5 (26.0-45.0) 35.0 (26.0-49.0)   

Baseline FBG (mmol/L)     0.88763 0.52443 
Median (IQR)  4.9 (4.2-5.7) 4.9 (4.2-5.5) 4.9 (4.2-5.7)   
Missing6 58 10 15 33   

Gender     0.40414 0.63864 
Male 495 (68.8) 81 (65.9) 66 (67.3) 348 (69.7)   
Female 225 (31.2 42 (34.1) 32 (32.7) 151 (30.3)   

Smoking     0.54424 0.71034 
Yes 281(41.9) 46 (39.7) 37 (40.7) 198 (42.8)   
No 389 (58.1) 70 (60.3) 54 (59.3) 265 (57.2)   
Missing6 50 7 7 36   

HIV co-infection     0.60205 0.70425 
Yes 17 (2.4) 2 (1.6) 3 (3.1) 12 (2.4)   
No 703 (97.6) 121 (98.4) 95 (96.9) 487 (97.6)   

Hepatitis C co-infection       0.11255 0.49945 
Yes 25 (3.5) 7 (5.7) 4 (4.1) 14 (2.8)   
No 695 (96.5) 116 (94.3) 94 (96.0) 485 (97.2)   

Drug-resistant Type     --- --- 
RR  351 (53.3) 53 (47.8) 47 (52.8) 251 (54.7)   
RR & Resistant to FQLs 77 (11.7) 19 (17.1) 10 (11.2) 48 (10.5)   
RR & Resistance to FQL& AG 
and/or newer anti TB drugs 
(BDQ, DLM, LZD0 

231 (35.0) 39 (35.1) 32 (36.0) 160 (34.8)   

Missing6 62 13 9 40   
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Baseline sputum smear     0.56264 0.95464 
Positive 455 (63.5) 74 (61.2) 63 (64.3) 318 (64.0)   
Negative 261 (36.5) 47 (38.8) 35 (35.7) 179 (36.0)   
Missing6 4 2 0 2   

CXR cavitation     0.10314 0.98264 
Yes 240 (33.5) 33 (27.0) 34 (34.7) 173 (34.8)   
No  477 (66.5) 89 (73.0) 64 (65.3) 324 (66.2)   
Missing6 3 1 0 2   

Treatment period     0.70884 0.33744 
2009-2015 cohort 391 (54.3) 64 (52.0) 58 (59.2) 269 (53.9)   
2016-2019 cohort 329 (45.7) 59 (48.0) 40 (40.8) 230 (46.1)   

Abbreviations: TB – tuberculosis; MDR TB – multidrug-resistant tuberculosis; XDR TB – extensively drug-resistant tuberculosis; BMI – Body Mass Index; IQR – interquartile range; FBG – Fasting 
Blood Glucose; HIV – human immunodeficiency virus; RR – Rifampicin Resistance; AG – Aminoglycosides; FQL – fluoroquinolones; BDQ – Bedaquiline; DLM – Delamanid; LZD – Linezolid 

1p-value comparing values for patients with negative BMI relative change versus patients with positive BMI relative change. 
2p-value comparing values for patients with no BMI relative change versus patients with positive BMI relative change. 
3Wilcoxon rank sum two-sample test was used (for non-normally distributed continuous variables) 
4Chi-square test was used for categorical variables. 
5Fisher exact test was used for categorical variables when the expected cell size was less than 5.  
6Missing is not used as a group and is not included in the analysis.  

 . 
C

C
-B

Y
-N

C
-N

D
 4.0 International license

It is m
ade available under a 

 is the author/funder, w
ho has granted m

edR
xiv a license to display the preprint in perpetuity. 

(w
h

ich
 w

as n
o

t certified
 b

y p
eer review

)
T

he copyright holder for this preprint 
this version posted A

ugust 6, 2024. 
; 

https://doi.org/10.1101/2024.08.05.24311499
doi: 

m
edR

xiv preprint 

https://doi.org/10.1101/2024.08.05.24311499
http://creativecommons.org/licenses/by-nc-nd/4.0/


18 

 

Table 2. Demographic and clinical characteristics at MDR-TB treatment enrollment associated 
with death during TB treatment among M/XDR TB patients in Georgia, 2009-2020 (N=720) 

Characteristics Died 
N/T 

16/720 

Person 
months 
11797 

Rate per 1000 person-
months) 

1.36  

HR (95%CI) 

Percentage change in BMI (%) ---- ---- ---- 0.001 (0.00-2.24)1 
Change in BMI     

Negative 5/123 (4.1%) 1900 2.63  2.77 (0.91-8.49) 
No 3/98 (3.1%) 1717 1.76  1.85 (0.49-6.98) 
Positive 8/499 (1.6%) 8192 0.98  Ref 

Age in years ---- ----- ---- 1.04 (1.01-1.08)1 
Gender     

Male 12/495 (2.4%) 6648 1.81 1.38 (0.44-4.30) 
Female 4/225 (1.8%) 4326 0.93 Ref 

Smoking     
Yes 7/281 (2.5%) 4326 1.62 1.57 (0.55-4.47) 
No 7/389 (1.8%) 6648 1.05 Ref 
Missing2 50    

Drug-resistant Type     
RR  5/350 (1.4%) 5776 0.87 Ref 
Resistant to RR and FQL 3/77 (3.9%) 1191 2.52 3.12 (0.74-13.21) 
Resistance to RR, FQ and AG or 
newer anti TB drugs (BDQ, 
DLM, LZD) 

7/231 (3.0%) 3922 1.79 2.11 (0.67-6.66) 

Missing2 62    
Baseline sputum smear     

Positive 9/455 (2.0%) 7639 1.18 0.68 (0.25-1.83) 
Negative 7/261 (2.7%) 4102 1.71 Ref 
Missing2 4    

Cavitation     
Yes 8/477 (1.7%) 3889 2.06 2.02 (0.76-5.39) 
No 8/240 (3.3%) 7839 1.02 Ref 
Missing2 3    

HIV co-infection     
Yes 2/17 (11.8%) 229 8.73 7.81 (1.76-34.67) 
No 14/703 (2.0%) 11568 1.21 Ref 

Hepatitis C co-infection       
Yes 1/25 (4.0%) 358 2.79 1.90 (0.25-14.64) 
No 15/695 (2.2%) 11439 1.31 Ref 

Glycemic level     
Hyperglycemia  5/178 (2.8%) 2928 1.71 1.57 (0.51-4.86) 
Euglycemia 8/484 (1.7%) 7926 1.01 Ref 
Missing2 58    

Treatment period     
2009-2015 cohort 8/391 (2.1%) 7049 1.14 0.64 (0.24-1.75) 
2016-2020 cohort 8/329 (2.4%) 4748 1.69 Ref 

Abbreviations: TB – tuberculosis; MDR TB – multidrug-resistant tuberculosis; XDR TB – extensively drug-resistant tuberculosis; BMI – Body 
Mass Index; IQR – interquartile range; RR – risk ratio; CI – confidence interval; HIV – human immunodeficiency virus; RR – Rifampicin 
Resistance; AG – Aminoglycosides; FQL – fluoroquinolones; BDQ – Bedaquiline; DLM – Delamanid; LZD – Linezolid. 

1Increase in one unit of predictor 
2Missing is not used as a group and is not included in the analysis
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Table 3. Competing risk hazard rates of all-cause mortality during and after treatment stratified by BMI at treatment initiation among 
adults with M/XDR TB patients, Georgia, 2009-2020 (N=720)  

Cohort Change in BMI (n) Cause-Specific Hazard Model 
Hazard ratio (95%CI) 

  
All-cause mortality 
during treatment1

 

All-cause mortality 
during treatment 2

 

All-cause post-TB 
mortality1

 

All-cause post-TB 
mortality 2

 

Total cohort 

(n =720) 1
 

Negative (123) 2.61 (0.85 - 7.96) 2.63 (0.85 - 8.08) 1.44 (0.71 - 2.96) 1.07 (0.51 - 2.22) 
No (98) 1.91 (0.51 - 7.21) 2.10 (0.55 - 7.96) 1.74 (0.85 - 3.56) 1.99 (0.96 - 4.11) 

Positive (499) REF REF REF REF 

Cohort with baseline 
low BMI (<18.5 kg/m2) 

(n = 149) 

Negative (24) ----3
 ----3

 2.75 (0.65 - 11.56) 2.30 (0.52 - 10.22) 
No (22) 1.17 (0.13 - 10.48) 2.69 (0.22 - 33.34) 4.42 (1.18 - 16.47) 4.99 (1.25 - 19.94) 

Positive (103) REF REF REF REF 

Cohort with baseline 
normal BMI (18.5-24.9 

kg/m2) 

(n = 479) 

Negative (71) 5.11 (1.28 - 20.44) 5.25 (1.31 - 21.10) 1.09 (0.37 - 3.20) 1.03 (0.35 - 3.03) 
No (64) 1.39 (0.16 -12.47) 1.26 (0.14 - 11.41) 1.41 (0.53 - 3.77) 1.56 (0.56 - 4.32) 

Positive (344) REF REF REF REF 

Cohort with baseline 
high BMI1 (> 25 kg/m2) 

(n = 92) 

Negative (28) REF4
 REF4

 0.93 (0.23 - 3.73) 0.10 (0.01 - 0.94) 
No (12) 2.13 (0.13 - 33.97) 2.73 (0.01 - 34.99) 0.62 (0.07 - 5.23) 0.80 (0.07 - 9.40) 

Positive (52) ----3
 ----3

 REF REF 

 

Abbreviations: TB – tuberculosis; MDR TB – multidrug-resistant tuberculosis; XDR TB – extensively drug-resistant tuberculosis; BMI – Body Mass Index; CI – confidence 
interval. 

1Unadjusted 
2Adjusted for gender, age, year of MDR-TB treatment initiation, baseline sputum smear and chest radiography cavitation. 
3No death observed for this group. 
4In the low and normal baseline BMI cohorts, the reference group consisted of individuals with a positive change in BMI. In the high baseline BMI cohort, no deaths occurred 
during treatment among those with a positive change in BMI. Therefore, to evaluate mortality during treatment, the reference group comprised individuals with a negative change 
in BMI.  . 

C
C

-B
Y

-N
C

-N
D

 4.0 International license
It is m

ade available under a 
 is the author/funder, w

ho has granted m
edR

xiv a license to display the preprint in perpetuity. 
(w

h
ich

 w
as n

o
t certified

 b
y p

eer review
)

T
he copyright holder for this preprint 

this version posted A
ugust 6, 2024. 

; 
https://doi.org/10.1101/2024.08.05.24311499

doi: 
m

edR
xiv preprint 

https://doi.org/10.1101/2024.08.05.24311499
http://creativecommons.org/licenses/by-nc-nd/4.0/


20 

 

Table 4. Patient and clinical baseline characteristics among M/XDR TB patients included in and 
excluded from the study, Tbilisi, Georgia, 2009-2020 (N=1105)  

Baseline characteristics Included  
N (%) 

720 (65.2%) 

Excluded 
N (%) 

385 (34.8%) 

p-value1 

Baseline BMI (kg/m2)   0.19252 
Median (IQR) 20.6 (18.8-23.0) 21.0 (19.3-22.9)  

Age (years)   0.02562 
Median (IQR) 35.5 (26.5-49.0) 34.0 (25.0-46.0)  

Baseline FBG (mmol/L)   0.59182 
Median (IQR) 4.9 (4.2-5.7) 5.0 (4.3-5.6)  
Missing4 58 76  

Gender   0.90723 
Male 495 (68.8) 266 (69.1)  
Female 225 (31.2) 119 (30.9)  

Smoking   0.72103 
Yes 281 (41.9) 153 (43.1)  
No 389 (58.1) 202 (56.9)  
Missing4 50 30  

HIV co-infection   0.09493 
Yes 17 (2.4) 16 (4.2)  
No 703 (97.6) 369 (95.8)  

Hepatitis C co-infection     0.42883 
Yes 25 (3.5) 10 (2.6)  
No 695 (96.5) 375 (97.4)  

Baseline sputum smear   <.00013 
Positive 455 (63.5) 195 (51.0)  
Negative 261 (36.5) 187 (49.0)  
Missing4 4 3  

CXR cavitation   0.93943 
Yes 240 (33.5) 125 (33.2)  
No  477 (66.5) 251 (66.8)  
Missing4 3 9  

Treatment period   0.00053 
2009-2015 cohort 391 (54.3) 251 (65.2)  
2016-2020 cohort 329 (45.7) 134 (34.8)  

Abbreviations: TB – tuberculosis; MDR TB – multidrug-resistant tuberculosis; XDR TB – extensively drug-resistant 
tuberculosis; BMI – Body Mass Index; IQR – interquartile range; FBG – Fasting Blood Glucose; HIV – human 
immunodeficiency virus; RR – Rifampicin Resistance; AG – Aminoglycosides; FQL – fluoroquinolones; BDQ – Bedaquiline; 
DLM – Delamanid; LZD – Linezolid 

1p-value for comparison of patients included in the study versus patients excluded from the study. 
2Wilcoxon rank sum two-sample test was used (for non-normally distributed continuous variables) 
3Chi-square test was used for categorical variables. 
4Missing is not used as a group and is not included in the analyses.
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Figure 1. Flowchart of study participants with M/XDR-TB, 2009-2020, Georgia. 

 

Abbreviations: TB – tuberculosis; MDR TB – multidrug-resistant tuberculosis; XDR TB – extensively drug-resistant 
tuberculosis 

1A total of 1130 medical records were located in the archives of various TB healthcare facilities across the country

21 
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Supplementary Material 
 
Supplemental Table A. Associations between change in BMI with all-cause mortality during TB 
treatment stratified by period of MDR-TB treatment initiation, among adult M/XDR TB patients, 
Georgia, 2009-2020 (N=720). 
Purpose: To present the hazard of death during TB treatment at different levels of BMI change by 
M/XDR treatment initiation period. 
 
Supplemental Table B. Difference in all-cause mortality during TB treatment among adult M/XDR TB 
patients included in and excluded from the study, Georgia, 2009-2020 (N=1105) 
Purpose: To assess the difference in hazard of death between included and excluded cohorts to ensure 
that the study findings are representative of the entire population and not biased due to missing data.  
 
Supplemental Figure A. Death during and after TB treatment by baseline BMI change, Georgia, 2009-
2020 
Purpose: To present the numbers of death during and after TB treatment by the change in BMI during 
Treatment.  
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Supplemental Table A. Associations between change in BMI with all-cause mortality during TB treatment stratified by period of MDR-TB 
treatment initiation, among adult M/XDR TB patients, Georgia, 2009-2020 (N=720) 

Baseline BMI Status BMI percentage 
change 

Died 
N/T 

16/720 

Person months 
11797 

Rate per 1000 
person-months 

1.36 

HR (95%CI) aHR1 (95%CI) 
 

aHR2 (95%CI) 
 

Total cohort 
n=720 

Negative 5/123 (4.1%) 1900 2.63 2.77 (0.91-8.49) 2.70 (0.87-8.34) 2.99 (0.96-9.34) 
No 3/98 (3.1%) 1705 1.76 1.85 (0.49-6.98) 2.09 (0.55-7.96) 2.08 (0.55-7.96) 

Positive 8/499 (1.6%) 8192 0.98 Ref Ref Ref 

2009-2015 cohort 
n=391 

Negative 2/64 (3.1%) 1134 1.76 2.22 (0.41-12.17) 2.01 (0.36-11.09) 2.65 (0.45-15.47) 
No 2/58 (3.5%) 1097 1.82 2.30 (0.42-12.59) 2.62 (0.47-14.64) 2.58 (0.43-15.45) 

Positive 4/269 (1.5%) 4818 0.83 Ref Ref Ref 

2016-2020 cohort 
n=329 

Negative 3/59 (5.1%) 766 3.92 3.38 (0.76-15.10) 2.93 (0.65-13.27) 2.99 (0.65-13.68) 
No 1/40 (2.5%) 608 1.65 1.35 (0.15-12.10) 1.81 (0.20-16.86) 1.95 (0.20-18.95) 

Positive 4/230 (1.7%) 3374 1.19 Ref Ref Ref 
Abbreviations: TB – tuberculosis; MDR TB – multidrug-resistant tuberculosis; XDR TB – extensively drug-resistant tuberculosis; BMI – Body Mass Index; HR – hazard ratio; aHR – adjusted hazard 
ratio; CI – confidence interval. 

1Adjusted for gender, age, and year of MDR-TB treatment initiation 
2Adjusted for gender, age, year of MDR-TB treatment initiation, and baseline sputum smear results. 
 

 

 

Supplemental Table B.  Difference in all-cause mortality during TB treatment among adult M/XDR TB patients included in and excluded from 
the study, Georgia, 2009-2020 (N=1105) 

Cohort Died 
N/T 

25/1105 

Person months 
17180 

Rate per 1000 
person-months 

1.46  

HR (95%CI) aHR1 (95%CI) 
 

Included cohort 16/720 (2.2%) 11797 1.36 0.84 (0.37-1.91) 0.64 (0.28-1.48) 
Excluded cohort 9/385 (2.3%) 5383 1.67 Ref Ref 

Abbreviations: TB – tuberculosis; MDR TB – multidrug-resistant tuberculosis; XDR TB – extensively drug-resistant tuberculosis; BMI – Body Mass Index; RR – risk ratio; aRR 
– adjusted risk ratio; CI – confidence interval. 

1Adjusted for gender, age, and year of MDR-TB treatment initiation 
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Supplemental Figure A. Death during and after TB treatment by BMI change, Georgia, 2009-
2020 

 
Abbreviations: TB – tuberculosis; MDR TB – multidrug-resistant tuberculosis; XDR TB – extensively drug-resistant 
tuberculosis; BMI – Body Mass Index; FU – Follow Up. 

  

24 
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