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Summary
Background Undernutrition is a common comorbidity of tuberculosis in countries with a high tuberculosis burden, 
such as India. RATIONS is a field-based, cluster-randomised controlled trial evaluating the effect of providing 
nutritional support to household contacts of adult patients with microbiologically confirmed pulmonary tuberculosis 
in Jharkhand, India, on tuberculosis incidence. The patient cohort in both groups of the trial was provided with 
nutritional support. In this study, we assessed the effects of nutritional support on tuberculosis mortality, treatment 
success, and other outcomes in the RATIONS patient cohort.

Methods We enrolled patients (aged 18 years or older) with microbiologically confirmed pulmonary tuberculosis 
across 28 tuberculosis units. Patients received nutritional support in the form of food rations (1200 kcal and 52 g 
of protein per day) and micronutrient pills. Nutritional support was for 6 months for drug-
susceptible tuberculosis and 12 months for multidrug-resistant tuberculosis; patients with drug-susceptible 
tuberculosis could receive an extension of up to 6 months if their BMI was less than 18·5 kg/m² at the end of 
treatment. We recorded BMI, diabetes status, and modified Eastern Cooperative Oncology Group (ECOG) 
performance status at baseline. Clinical outcomes (treatment success, tuberculosis mortality, loss to follow-up, 
and change in performance status) and weight gain were recorded at 6 months. We assessed the predictors 
of tuberculosis mortality with Poisson and Cox regression using adjusted incidence rate ratios (IRRs) and 
adjusted hazard ratios (HRs). The RATIONS trial is registered with the Clinical Trials Registry of India 
(CTRI/2019/08/020490).

Findings Between Aug 16, 2019, and Jan 31, 2021, 2800 patients (mean age 41·5 years [SD 14·5]; 1979 [70·7%] men 
and 821 [29·3%] women) were enrolled. At enrolment, 2291 (82·4%) patients were underweight (BMI 
<18·5 kg/m²), and 480 (17·3%) had a BMI of less than 14 kg/m². The mean weight and BMI were 42·6 kg 
(SD 7·8) and 16·4 kg/m² (2·6) in men and 36·1 kg (7·3) and 16·2 kg/m² (2·9) in women. During the 6-month 
follow-up, treatment was successful in 2623 (93·7%) patients, 108 (3·9%) tuberculosis deaths occurred, 
28 (1·0%) patients were lost to follow-up, and treatment failure was experienced by five (0·2%) patients. The 
median weight gain was 4·6 kg (IQR 2·8–6·8), but 1441 (54·8%) of 2630 patients remained underweight. At 
2 months, 1444 (54·0%) of 2676 patients gained at least 5% of baseline weight. Baseline weight (adjusted 
IRR 0·95, 95% CI 0·90–0·99), BMI (0·88, 0·76–1·01), poor performance status (ECOG categories 3–4; 5·33, 
2·90–9·79), diabetes (3·30, 1·65–6·72), and haemoglobin (0·85, 0·71–1·00) were predictors of tuberculosis 
mortality. A reduced hazard of death (adjusted HR 0·39, 95% CI 0·18–0·86) was associated with a 5% weight 
gain at 2 months.

Interpretation In this study, nutritional support was provided to a cohort with a high prevalence of severe 
undernutrition. Weight gain, particularly in the first 2 months, was associated with a substantially decreased hazard 
of tuberculosis mortality. Nutritional support needs to be an integral component of patient-centred care to improve 
treatment outcomes in such settings.

Funding India Tuberculosis Research Consortium, Indian Council of Medical Research.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Tuberculosis is a global public health problem. India 
had an estimated 3 million cases of tuberculosis and 

494 000 tuberculosis deaths among HIV-negative people 
in 2021.1 The National Strategic Plan for Tuberculosis 
Elimination in India has targets of an 80% reduction in 
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incidence and a 90% reduction in tuberculosis mortality 
by 2025, compared with the baseline estimates for 2015.2 
The modest progress in reducing tuberculosis mortality 
since 2015 was reversed during the COVID-19 
pandemic.3

Preventing tuberculosis mortality requires early 
diagnosis, provision of high-quality care with compre
hensive evaluation, and management of comorbidities.4 
In countries with a high tuberculosis burden such as 
India, undernutrition is a common comorbidity due to 
disease-related weight loss acting on a substrate of pre-
existing chronic undernutrition. In patients with 
tuberculosis, undernutrition is often severe, potentially 
lethal, and, in the absence of nutritional support, persists 
even after treatment.5,6 Undernutrition is a consistent 
risk factor for mortality, drug toxicity, delayed sputum 
conversion, and recurrence.5,7,8

WHO recommends nutritional assessment, counselling, 
and support as integral components of tuberculosis care.9,10 
These recommendations await adoption in most national 

programmes.11 Although modelling studies indicate that 
addressing undernutrition could reduce tuberculosis 
mortality,12 the impact of macronutrient and micronutrient 
supplementation on treatment outcomes in clinical trials 
has been inconclusive due to small numbers of 
participants, heterogeneity, and not reaching optimal 
intake of calories and proteins.13 However, a possible 
reduction in tuberculosis mortality in HIV-negative 
patients has been noted in small randomised controlled 
trials of nutritional support.13

Reducing Activation of Tuberculosis Through 
Improvement of Nutritional Status (RATIONS) is an 
open-label, parallel-arm, cluster-randomised controlled 
trial involving household contacts of adult patients with 
microbiologically confirmed pulmonary tuberculosis in 
Jharkhand state in eastern India.14 The primary objective 
of the trial was to estimate the effect of nutritional 
support in reducing tuberculosis incidence among 
household contacts of patients in a setting with high 
prevalence of undernutrition. In this report, we describe 

Research in context

Evidence before this study
Undernutrition in patients with active tuberculosis is a risk 
factor for tuberculosis mortality, drug toxicity, and relapse. We 
searched for evidence of nutritional support (macronutrients, 
micronutrients, or both) on treatment outcomes in MEDLINE, 
Cochrane Central Register of Controlled Trials, and Cochrane 
Database of Systematic Reviews on Nov 15, 2022, using the 
terms “macronutrients”, “micronutrients”, “food supplement”, 
“diet supplement”, “nutrition support”, “nutritional 
supplementation”, and “tuberculosis”. Search strings were 
developed using “OR” and “AND” Boolean operators.  We 
searched for observational studies, clinical trials, and key review 
articles published between Jan 1, 1950, and Aug 1, 2019, in 
English. We also retrieved additional studies from the 
bibliography of articles, and identified 35 relevant publications. 
A Cochrane review on the effect of macronutrient 
supplementation on tuberculosis outcomes was inconclusive 
because randomised controlled trials of macronutrient 
supplementation were few, small, and unable to achieve an 
optimal intake of calories and proteins. A relative risk of 
tuberculosis mortality of 0·34 (95% CI 0·10–1·20) was seen in 
four randomised controlled trials with 567 participants, 
indicating a possibly effective intervention. The generation of 
evidence based on randomised controlled trials is ethically 
problematic in settings such as India, where severe 
undernutrition and food insecurity are widely prevalent in 
patients with tuberculosis.

Added value of this study
To our knowledge, this is the largest single programmatic cohort 
of predominantly HIV-negative patients with drug-susceptible 
tuberculosis who underwent comprehensive evaluation of 
clinical, nutritional, and performance status at enrolment and in 

whom the effect of a food rations-based nutritional intervention 
on clinical and nutritional outcomes was documented. The study 
shows high levels of severe and extremely severe undernutrition 
in patients at diagnosis, which is a contributor to tuberculosis 
mortality that is currently unaddressed in most national 
tuberculosis programmes. Most deaths occurred in the first 
2 months, 80% occurred at home, and performance status, 
nutritional status, haemoglobin, and diabetes were identified to 
be predictors of death. The effect of nutritional support on 
tuberculosis mortality in this cohort can be inferred from the 
survival, with nutritional support, of more than 85% of patients 
with potentially fatal undernutrition (BMI <13 kg/m² in men and 
<11 kg/m² in women), and the 61% reduced hazard of death in 
those with desirable (5%) weight gain in 2 months. The case 
fatality ratio was considerably lower than in another National 
Tuberculosis Elimination Programme cohort with a similar 
patient population that had no nutritional support. The 
nutritional intervention was well accepted and was associated 
with high rates of adherence to treatment and low rates of 
treatment failure. However, nutritional recovery was incomplete 
at 6 months in patients with severe undernutrition at 
enrolment.

Implications of all the available evidence
Nutritional assessment, counselling, and support need to be 
implemented in settings with a high burden of tuberculosis and 
undernutrition, such as India, to improve tuberculosis treatment 
outcomes. Food-based nutritional support during treatment is 
associated with weight gain, improved performance status, and 
a decreased hazard of tuberculosis mortality. However, 
nutritional recovery in patients with severe undernutrition might 
require graded support for a longer period.
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tuberculosis mortality, treatment success, and changes in 
nutritional and performance status in the patient cohort 
receiving nutritional support within the RATIONS trial, 
over the intervention period of 6 months.14

Methods
Study design
The RATIONS trial design, detailed methods, 
recruitment, intervention, follow-up, and outcomes have 
been described previously.14 The trial population in this 
cluster-randomised controlled trial consisted of the 
household contacts of 2800 patients with micro
biologically confirmed pulmonary tuberculosis drawn 
from 28 tuberculosis units (trial clusters) across 
four districts of Jharkhand. The 28 clusters were 
randomly assigned in a 1:1 ratio to receive the intervention 
of nutritional support (food baskets and micronutrients) 
for household contacts or no nutritional support for 
household contacts. The primary outcome in this 
population was the difference in tuberculosis incidence 
among household contacts of the two groups over a 
follow-up period of 2 years from the treatment of 
the index patient with microbiologically confirmed 
pulmonary tuberculosis. The trial found a 39% reduction 
in the incidence of tuberculosis (for all forms of 
tuberculosis), and a 48% reduction in incidence of 
microbiologically confirmed pulmonary tuberculosis in 
household contacts in the intervention group compared 
with the control group.14

All 2800 patients with microbiologically confirmed 
pulmonary tuberculosis were provided with nutritional 
support (food baskets and micronutrients) for the 
treatment period, regardless of their baseline nutritional 
status or assignment group. They were followed up for 
the treatment period for the secondary treatment 
outcomes of tuberculosis mortality (all-cause mortality 
during the treatment period), treatment success, changes 
in nutritional and performance status, and occurrence of 
severe adverse effects (appendix p 2).

The RATIONS trial was embedded within the National 
Tuberculosis Elimination Programme (NTEP) in 
four districts of Jharkhand: Saraikela-Kharsawan, 
West Singhbhum, East Singhbhum, and Ranchi 
(appendix pp 2–3). Jharkhand (meaning land of trees) 
has substantial forest cover and a population of 
33 million; the population is predominantly rural (75%) 
and almost a quarter is indigenous, known as scheduled 
tribes. The state has one of the highest proportions (46%) 
of population living in multidimensional poverty in 
India.15 The prevalence of underweight is 26·2% in 
women (aged 15–49 years) and 39·4% in children 
younger than 5 years, compared with the national 
average of 18·7%.16 In 2021, the tuberculosis case 
notification rate was 130 per 100 000 population,17 and the 
prevalence of microbiologically confirmed pulmonary 
tuberculosis was 352 per 100 000 population compared 
with 316 per 100 000 population for India overall.18

Participants
Patients and their household contacts from 
28 tuberculosis units of the NTEP were enrolled between 
Aug 16, 2019, and Jan 31, 2021. The trial ended on 
Aug 13, 2022. A district is an administrative unit, 
and a tuberculosis unit is a programme manage
ment unit at the subdistrict level that covers 
0·15–0·25 million population. All patients aged 18 years 
or older with microbiologically confirmed pulmonary 
tuberculosis and initiated on treatment within the 
previous 2 weeks were considered eligible for inclusion, 
regardless of their HIV or drug susceptibility status, if 
they had at least one eligible household contact.14 An 
eligible household contact was a person living in the 
same house as the index patient, and eating from the 
same kitchen for at least one night or for frequent or 
extended periods during the day during the 3 months 
before diagnosis of the index patient; household contacts 
were ineligible if they were currently on treatment for 
microbiologically confirmed or clinically diagnosed 
active tuberculosis (appendix p 4).14,19

Ethics approval was obtained from the Institutional 
Ethics Committee of the Indian Council of Medical 
Research–National Institute for Research in Tuberculosis 
(number 2018020). Local oversight was provided by the 
ethics committee of Ekjut, a non-profit organisation 
involved in field-based research. Field staff obtained 
written informed consent from participants.

Procedures
Patients were diagnosed by the NTEP and received 
antituberculosis treatment and supervision as per the 
guidelines.19 Patients in both groups received an identical 
monthly food basket supplying 1200 kcal and 52 g protein 
per day, and a micronutrient pill containing the 
recommended dietary allowance based on national 
recommendations (appendix pp 4, 6),20 which cost 
US$0·49 per day, inclusive of delivery costs. The food 
rations were delivered at home by the field staff for 
6 months for drug-susceptible tuberculosis and 
12 months for multidrug-resistant tuberculosis. Delivery 
was challenging due to the difficult terrain and poor 
connectivity, and was further complicated by restrictions 
related to the COVID-19 pandemic. The food rations for 
an individual patient in the cohort with drug-susceptible 
tuberculosis were extended by up to 6 months if the BMI 
was less than 18·5 kg/m² at the end of treatment. All 
patients received INR 500 per month ($6·1 per month) 
under the direct benefit transfer scheme of NTEP during 
treatment.21

Demographic characteristics, household assets 
(appendix p 4), and risk factors were assessed at baseline, 
along with anthropometry, blood pressure, pulse oximetry 
for oxygen saturation (SpO2), performance status using a 
modified Eastern Cooperative Oncology Group (ECOG) 
scale, and oedema assessed by pressure over shins.22 The 
ECOG scale is categorised from 0 to 4, with a score of 

See Online for appendix
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0 representing no restriction of physical activity and 
4 representing complete confinement to a bed or chair 
(appendix p 5). Haemoglobin was estimated with use of 
the Hemocue Hb 201+ system (HemoCue, Ängelholm, 
Sweden) and severe anaemia was defined as haemoglobin 
less than 80 g/L. Nutritional status was defined according 
to BMI as per WHO guidelines, with a BMI of less than 
16 kg/m² classified as severe underweight and an 
additional category of BMI less than 14 kg/m² classified as 
extremely severe underweight (appendix p 5).23 HIV status 
and random blood sugar were retrieved from NTEP data. 
Participants with random blood sugar greater than 
11·1 mmol/L, those with self-reported diabetes, and those 
on diabetes medication were categorised as having 
diabetes. Hypoxia was defined as SpO2 of less than 94% 
and hypotension was defined as systolic blood pressure of 
less than 90 mm Hg.

At monthly follow-ups for 6 months, we monitored 
symptoms, treatment adherence, consumption of food 
rations, adverse drug reactions, anthropometry, and 
ECOG performance status. We referred patients with 

critical values of BMI, blood pressure, oxygen saturation, 
and ECOG performance status, and those with adverse 
drug reactions to the nearest public health facility 
(appendix p 6).20 Mortality and adverse drug reactions 
were reported to the field staff during follow-up visits or 
by telephone. Data collection was done using REDCap 
(version 12.2.7), hosted by the National Institute of 
Research in Tuberculosis (Chennai, India).

Outcomes
The following outcomes of treatment documented by the 
NTEP were noted: cure or  treatment completion 
(treatment success), deaths during treatment, loss to 
follow-up, and treatment failure. In addition, minor 
adverse effects during treatment were noted by field staff. 
The diagnosis of  adverse effects such as drug-induced 
hepatitis was based on evaluation by physicians in health 
facilities. We defined treatment outcomes as per NTEP 
definitions (appendix pp 4–5).19 Loss to follow-up during 
the treatment period was defined as patients who 
interrupted treatment for 1 month or longer. Loss to 
follow-up for the purpose of trial intervention was 
considered non-availability for follow-up for 2 months or 
longer during the treatment period (appendix p 5).19 
Tuberculosis mortality was defined as all-cause mortality 
in HIV-negative patients during treatment.3 The case 
fatality ratio was defined as the number of patients with 
tuberculosis mortality divided by the number of patients 
forming the cohort at the beginning of the observed 
period.24 The diagnosis of tuberculosis involved smear 
microscopy (graded as scanty, 1+, 2+, or 3+) and cartridge-
based nucleic acid amplification tests (GeneXpert 
[Cepheid, Sunnyvale, CA, USA] or Truenat [Molbio 
Diagnostics/Bigtec Labs, Goa/Bengaluru, India]) and the 
end of treatment evaluation was by smear microscopy as 
per NTEP guidelines.19

Statistical analysis
Continuous variables were summarised as mean (SD) or 
median (IQR). Differences between groups were assessed 
using Student’s t test or Mann-Whitney U test, as 
appropriate. The association between categorical variables 
was assessed using the χ² test or Fisher’s exact test. We 
estimated the 6-month tuberculosis mortality rate and 
case fatality ratio with 95% CIs and compared these 
outcomes via adjusted incidence rate ratios (IRRs) among 
key subgroups (sex, bodyweight, BMI category, and 
ECOG performance status). Baseline ECOG performance 
status was dichotomised as poor (score of 3–4) or better 
(score of 0–2). All of the aforementioned analyses used a 
marginal Poisson regression model with independence 
correlation structure, and the results are presented based 
on the empirical standard errors to account for clustering 
by tuberculosis unit and using the log of person-time at 
risk as the offset. The model was adjusted for potential 
confounders that are known to be associated with the 
exposure of undernutrition and are independent 

Overall (n=2800) Underweight (BMI 
<18·5 kg/m²; n=2291)*

Not underweight (BMI 
≥18·5 kg/m²; n=489)*

Sex

Male 1979 (70·7%) 1603 (70·0%) 362 (74·0%)

Female 821 (29·3%) 688 (30·0%) 127 (26·0%)

Age, years, mean (SD) 40·3 (14·5) 40·1 (14·6) 40·4 (13·6)

Men 41·5 (14·3) 41·3 (14·5) 41·7 (13·6)

Women 37·3 (14·5) 37·2 (14·5) 36·5 (13·2)

Caste

Scheduled tribe 1896 (67·7%) 1613 (70·4%) 270 (55·2%)

Scheduled caste 258 (9·2%) 200 (8·7%) 57 (11·7%)

Other backward classes 551 (19·7%) 424 (18·5%) 121 (24·7%)

Other 95 (3·4%) 54 (2·4%) 41 (8·4%)

Education

None 1109 (39·6%) 968 (42·3%) 127 (26·0%)

<10 years 1064 (38·0%) 873 (38·1%) 186 (38·0%)

≥10 years 627 (22·4%) 450 (19·6%) 176 (36·0%)

PDS beneficiary† 2356 (84·1%) 1962 (85·6%) 376 (76·9%)

History of alcohol use 1405 (50·2%) 1123 (49·0%) 207 (54·6%)

History of tobacco use 1021 (36·5%) 841 (36·7%) 169 (34·6%)

History of previous tuberculosis 262 (9·4%) 206 (9·0%) 55 (11·3%)

History of previous tuberculosis in 
family member

395 (14·1%) 312 (13·6%) 83 (17·0%)

Diabetes 139 (5·0%) 80 (3·5%) 57 (11·6%)

HIV infection‡ 6/2264 (0·3%) 6/2264 (0·3%) 0/489

Multidrug-resistant tuberculosis 
at diagnosis§

38/1258 (3·0%) 30/985 (3·0%) 8/264 (3·0%)

Data are n (%) or n/N (%), unless specified otherwise. PDS=public distribution system. *Patient numbers in the 
columns related to nutritional status might not add up to the overall prevalence of the characteristic because of 
missing BMI values in 20 patients.  †The PDS provides subsidised rations to Indians living below the poverty line. ‡HIV 
testing was done in 2264 patients. §Multidrug-resistant tuberculosis was diagnosed based on cartridge-based nucleic 
acid amplification test; 1258 tests were done.

Table 1: Demographic characteristics and comorbidities in patients with microbiologically confirmed 
pulmonary tuberculosis in the RATIONS trial
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predictors of outcomes such as tuberculosis mortality: 
age, sex, caste, family history of tuberculosis, alcohol use, 
tobacco use, diabetes, cough duration, sputum smear 
grade, ECOG category, haemoglobin, and log of value of 
household assets as a measure of standard of living. We 
included interactions between baseline bodyweight, and 
age, sex, and ECOG score in the regression model and 
used the p value for the regression coefficient to test the 
interaction. Participants were censored at 180 days. We 
estimated the change in weight and BMI (absolute and 
relative), stratified by sex. With use of a Cox proportional 
hazards model, we compared time to death (via adjusted 
hazard ratios [HRs]) over 6 months in participants who 
gained and did not gain weight over the first 2 months. In 
this analysis, we considered weight gain as a time-
dependent covariate, which started at zero for all patients 
and changed to one if there was desirable (≥5%) weight 
gain at 2 months.25 Missing values were imputed via 
chained equations,26 using the missingness-at-random 
assumption. In sensitivity analyses, we also considered a 
complete case analysis. We assessed the proportional 
hazards assumption and used a stratified model in the 
case of violations. Kaplan-Meier survival curves, stratified 
by ECOG status and bodyweight category at enrolment, 
were estimated. The analyses were done with STATA 
(version 17.0) and R (version 4.1.2).

The RATIONS trial is registered with the Clinical Trials 
Registry of India (CTRI/2019/08/020490).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
The patient cohort (n=2800) was recruited between 
Aug 16, 2019, and Jan 31, 2021 (appendix p 7). At 
enrolment, the mean age was 41·5 years (SD 14·5) in 
men and 37·3 years (14·5) in women (table 1). Most 
individuals belonged to indigenous communities 
(scheduled tribes), were engaged in manual labour 
(appendix p 6), and were beneficiaries of subsidised food 
rations from the public distribution system; almost 
40% had no schooling. HIV–tuberculosis co-infection 
was found in six (0·3%) of 2264 tested participants, and 
139 (5·0%) of 2800 participants had diabetes.

The mean bodyweight at enrolment was 42·6 kg 
(SD 7·8) in men and 36·1 kg (7·3) in women, and mean 
BMI was 16·4 kg/m² (2·6) and 16·2 kg/m² (2·9), 
respectively (table 2). More than 80% of participants were 
underweight, almost half were severely underweight, and 
17% had a BMI of less than 14 kg/m². Almost a quarter of 
participants had a bodyweight of less than 35 kg, and the 
cohort included 143 men with a BMI of less than 13 kg/m² 
and ten women with a BMI of less than 11 kg/m². The 
lowest recorded bodyweight and BMI were 22·0 kg and 
8·3 kg/m² in men, and 18·8 kg and 8·6 kg/m² in women. 

Patients with 
available data, n

Characteristic

Bodyweight, kg 2785 ··

Men 1968 42·58 (7·76)

Women 817 36·08 (7·25)

Bodyweight category, kg 2785 ··

18·0–24·9 ·· 27 (1·0%)

25·0–29·9 ·· 172 (6·2%)

30·0–39·9 ·· 1211 (43·5%)

40·0–54·9 ·· 1233 (44·3%)

55·0–70·0 ·· 129 (4·6%)

>70·0 ·· 13 (0·5%)

Height, cm 2780 ··

Men 1965 160·78 (6·38)

Women 815 149·36 (6·00)

Stunting* 2780 ··

Men 1965 1067 (54·3%)

Women 815 431 (53·9%)

BMI, kg/m² 2780 ··

Men 1965 16·44 (2·59)

Women 815 16·15 (2·90)

BMI category, kg/m² 2780 ··

≥25·0 (overweight or obese) ·· 29 (1·0%)

18·5–24·9 (normal) ·· 460 (16·5%)

<18·5 (underweight) ·· 2291 (82·4%)

17·0–18·4 (mild underweight) ·· 485 (17·4%)

16·0–16·9 (moderate underweight) ·· 455 (16·4%)

14·0–15·9 (severe underweight) ·· 871 (31·3%)

<14·0 (extremely severe underweight) ·· 480 (17·3%)

Haemoglobin, g/L 2734 104·5 (18·9)

Anaemia† 2734 2411 (88·2%)

Haemoglobin <80 g/L 2734 204 (7·5%)

Sputum smear examination as basis of diagnosis‡ ·· 2025

Grade scanty to 1+ 2025 910 (44·9%)

Grade 2+ to 3+ 2025 1115 (55·1%)

CB-NAAT as basis of diagnosis‡ ·· 775

Modified ECOG performance status 2800 ··

0 (able to carry out normal activity) ·· 79 (2·8%)

1 (ambulatory but not able to do strenuous activity) ·· 1202 (42·9%)

2 (can do self-care, cannot work, up and about <50% of waking hours) ·· 1194 (42·6%)

3 (self-care only, confined to bed or chair >50% of waking hours) ·· 271 (9·7%)

4 (no ability to carry out self-care, confined to bed or chair) ·· 54 (1·9%)

Systolic blood pressure, mm Hg 2753 110·2 (16·7)

Diastolic blood pressure, mm Hg 2753 77·9 (11·9)

Hypotension (systolic blood pressure <90 mm Hg) 2753 286 (10·4%)

Hypoxia (SpO2 <94%) 2797 249 (8·9%)

Oedema 2800 130 (4·6%)

Data are mean (SD) or n (%). Percentages might not add to 100% due to rounding. Some patients could not be 
assessed for height or weight due to a disability or an inability to stand. CB-NAAT=cartridge-based nucleic acid 
amplification test. ECOG=Eastern Cooperative Oncology Group. SpO2=oxygen saturation. *Stunting in men and 
women was assumed if the height measured was more than 2 SD below the WHO standards for boys and girls aged 
18 years. †Anaemia was defined as haemoglobin <13 g/dL in men and <12 g/dL in women. ‡Some patients underwent 
both sputum smear examination and CB-NAAT.

Table 2: Anthropometric and clinical characteristics of patients in the RATIONS trial at enrolment
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Only 29 (1·0%) of 2780 patients were overweight or obese 
(BMI ≥25 kg/m²). Diagnosis was based on smear 
microscopy in 2025 patients and on cartridge-based 
nucleic acid amplification tests in 775 patients. Severe 
anaemia was noted in 204 (7·5%) of 2734 patients 
screened, 325 (11·6%) of 2800 had poor performance 
status, 286 (10·4%) of 2753 had hypotension (systolic 
blood pressure <90 mm Hg), and 249 (8·9%) of 2797 had 
hypoxia. Weight data were missing for 15 patients and 
height data were missing for 20 patients due to difficulty 
standing or disabilities rendering height measurements 
inaccurate (appendix p 4); all of these patients had mid-
upper arm circumference measurements, with a mean of 
16·3 cm (SD 2·2). The total follow-up time was 

1337·32 person-years. Treatment was successful (cure or 
treatment completed) for 2623 (93·7%) of 2800 patients. 
Of these, 1382 (49·4%) were smear-negative at 6 months 
(cured) and 1241 (44·3%) completed treatment with 
clinical improvement without smear examination. At 
6 months, 28 (1·0%) patients were lost to follow-up, 
which was mostly due to relocation during the COVID-19 
pandemic; 13 of the 28 patients withdrew from the study, 
mostly due to migration or personal reasons. 
Five (0·2%) patients had treatment failure and 36 (1·3%) 
of 38 patients with multidrug-resistant tuberculosis 
continued their treatment (two were lost to follow-up).

The most common adverse drug reactions were joint 
pains in 1259 (45·0%) participants, further loss of 
appetite in 589 (21·0%), itching in 520 (18·6%), 
abdominal pain in 485 (17·3%), tingling sensation in 
limbs in 343 (12·3%), and vomiting and nausea in 
311 (11·1%; appendix p 11). Eight (0·3%) patients 
developed drug-induced hepatitis. None of the adverse 
drug reactions led to loss to follow-up.

108 deaths occurred during follow-up, including 
81 (75%) in men and 27 (25%) in women. No deaths 
occurred in patients with multidrug-resistant tuberculosis 
or HIV–tuberculosis co-infection. One death at 187 days in 
a patient who interrupted and then resumed therapy was 
omitted in the survival analysis that was censored at 
180 days. The overall incidence of tuberculosis mortality 
was 8·00 per 100 person-years (95% CI 6·41–9·99); the 
incidence was 8·49 per 100 person-years (6·65–10·83) in 
men and 6·84 per 100 person-years (4·70–9·95) in women. 
The overall case fatality ratio was 3·9% (95% CI 3·2–4·6).

The median time to death was 46 days (IQR 18–96) and 
58 (54%) deaths occurred in the first 2 months of 
treatment. Although most patients (83 [77%] of 108) died 
at home, 54 patients who died had a history of 

Figure: Kaplan-Meier plots of cumulative incidence of tuberculosis mortality over 6 months of treatment 
according to performance status (A) or bodyweight category (B) at enrolment
ECOG scores were dichotomised into better (score of 0–2) or poor (score of 3 or 4) performance status. The 
definitions of each ECOG category are described in the appendix (p 5).The number censored is the number of 
patients who were lost to follow-up or withdrew from the study during the 6-month treatment period. 
ECOG=Eastern Cooperative Oncology Group.

Number at risk
(number censored)

18·0–24·9
25·0–29·9
30·0–39·9
40·0–54·9

≥55·0

0 30 60 90 120 150 180
Time since treatment initiation (days)

0

0·1

0·2

0·3

0·4

B

Cu
m

ul
at

iv
e 

in
cid

en
ce

 o
f m

or
ta

lit
y

Number at risk
(number censored)

0–2
3 or 4

0 30 60 90 120 150 180
Time since treatment initiation (days)

0

0·1

0·2

0·3

0·4

A

Cu
m

ul
at

iv
e 

in
cid

en
ce

 o
f m

or
ta

lit
y

2475 (1)
325 (0)

2459 (5)
295 (0)

2444 (13)
283 (1)

2429 (19)
275 (1)

2417 (23)
272 (1)

2406 (26)
269 (2)

2398 (2424)
267 (269)

42 (0)
172 (0)

1211 (1)
1233 (0)

142 (0)

34 (0)
166 (0)

1185 (3)
1228 (1)

141 (1)

32 (0)
161 (0)

1173 (7)
1222 (5)

139 (2)

31 (0)
159 (0)

1162 (9)
1214 (8)

138 (3)

31 (0)
157 (0)

1153 (10)
1210 (11)

138 (3)

31 (0)
156 (0)

1145 (13)
1205 (12)

138 (3)

31 (31)
153 (153)

1144 (1157)
1200 (1212)

137 (140)

0–2
3 or 4

Modified ECOG performance status

Bodyweight category (kg)
18·0–24·9 25·0–29·9 30·0–39·9 40·0–54·9 ≥55·0

Unadjusted IRR 
(95% CI)

Adjusted IRR 
(95% CI)

Bodyweight (per kg increase) 0·91 (0·88–0·94) 0·95 (0·90–0·99)

BMI (per kg/m² increase) 0·73 (0·67–0·81) 0·88 (0·76–1·01)

Haemoglobin (per g/dL increase) 0·72 (0·61–0·84) 0·85 (0·71–1·00)

Male sex (vs female sex) 1·24 (0·83–1·86) 1·72 (0·89–3·35)

Age (per year increase) 1·03 (1·02–1·05) 1·01 (1·00–1·03)

Poor performance status (vs 
better performance status)*

9·50 (5·25–17·19) 5·33 (2·90–9·79)

Diabetes 3·22 (1·76–5·88) 3·30 (1·65–6·72)

Alcohol use 1·70 (1·11–2·61) 1·18 (0·64–2·17)

Tobacco use 0·62 (0·43–0·90) 0·69 (0·43–1·10)

IRRs were estimated using Poisson regression. The model was adjusted for sex, 
age, caste, bodyweight, log of value of household assets, trial group, ECOG 
category, diabetes status, cough duration, sputum smear grade, family history of 
tuberculosis, haemoglobin, alcohol use, and tobacco use. IRR=incidence rate ratio. 
ECOG=Eastern Cooperative Oncology Group. *Poor performance status was 
defined as modified ECOG categories 3 and 4, and better performance status was 
defined as categories 0–2 (appendix p 5).

Table 3: IRRs of covariates for the event of tuberculosis death in the 
RATIONS trial
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hospitalisation. No deaths were attributable to COVID-19. 
In patients with bodyweight of less than 35 kg (n=680), 
the case fatality ratio was 7·2% (95% CI 5·4–9·4). The 
lowest weight and BMI at initiation of treatment in 
survivors were 24·2 kg and 10·7 kg/m² in men and 
18·8 kg and 8·6 kg/m² in women, respectively. In men 
with a BMI of less than 13 kg/m², 123 (86%) of 143 survived, 
and in women with a BMI of less than 11 kg/m², 
nine (90%) of ten survived. The case fatality ratios for 
different categories of ECOG, baseline bodyweight, and 
BMI are presented in the appendix (p 9).

In univariable analysis, bodyweight, BMI, age, poor 
performance status, diabetes, alcohol use, haemoglobin, 
blood pressure, and oxygen saturation were associated 
with risk of death during treatment (appendix p 10). At 
enrolment, the bodyweight of patients who died was 
5–6 kg lower, their BMI was 2 kg/m² lower, and their 
performance status was more frequently poor compared 
with those who survived. The survivors also had higher 
weight gain at 1 month and 2 months. Kaplan-Meier 
survival curves (figure) show that the survival in those 
with lower bodyweight categories or with poor 
performance status was lower than those in the higher 
bodyweight categories and with better performance 
status.

In the adjusted analysis using marginal Poisson 
regression, nutritional status, diabetes, and ECOG 
performance status at enrolment were associated with a 
higher incidence of tuberculosis mortality, when adjusted 
for important covariates (table 3). The presence of 
diabetes or a poor performance status was associated with 
a substantially increased incidence of tuberculosis death 
(IRR 3·30 [95% CI 1·65–6·72] for diabetes and 5·33 
[2·90–9·79] for poor performance status). As a sensitivity 
analysis, we considered a complete case analysis, which 
makes a missing-at-random assumption, and the results 
were similar. The incidence of tuberculosis deaths with 
1-kg or 5-kg higher baseline bodyweight was 5% and 23% 
lower, respectively, independent of other variables. For 
baseline BMI, the incidence of tuberculosis deaths 
decreased by 12% with a one-unit increase in BMI, or by 
23% for a two-unit increase in BMI (table 3). The 
interaction of weight with age was statistically significant 
(p=0·037), suggesting that the protective effect of weight 
at baseline decreased for older patients. There was no 
significant interaction with sex or baseline ECOG score.

The overall median weight gain at 6 months was 
4·6 kg (IQR 2·8–6·8), and weight gain was higher in 
men than in women (table 4). A median gain of 
two units of BMI was recorded in both sexes. At 

All participants Men  Women p value

Bodyweight

Available data, n 2626 1850 776 ··

Baseline bodyweight, kg 40·9 (8·1) 42·8 (7·7) 36·2 (7·2) <0·0001*

Bodyweight at 6 months, kg 45·8 (8·1) 47·9 (7·5) 40·7 (7·0) <0·0001*

Weight gain in 6 months, kg 4·6 (2·8–6·8) 4·8 (2·9–7·0) 4·2 (2·5–6·2) <0·0001†

Percentage weight gain over 6 months 11·3% (6·4–17·4) 11·2% (6·4–17·3) 11·6% (6·5–17·6) 0·42†

BMI, kg/m²

Available data, n 2621 1847 774 ··

Baseline BMI 16·4 (2·7) 16·5 (2·6) 16·2 (2·9) 0·0049*

BMI at 6 months 18·4 (2·6) 18·5 (2·5) 18·2 (2·8) 0·0042*

Change in BMI over 6 months 1·9 (1·1–2·7) 1·8 (1·1–2·7) 1·9 (1·1–2·7) 0·72†

Nutritional status at 6 months (BMI category, kg/m²) ·· ·· ·· 0·003‡

Obese or overweight (≥25·0) 45/2630 (1·7%) 28/1853 (1·5%) 17/777 (2·2%) ··

Normal (18·5–24·9) 1144/2630 (43·5%) 845/1853 (45·6%) 299/777 (38·5%) ··

Underweight (<18·5) 1441/2630 (54·8%) 980/1853 (52·9%) 461/777 (59·3%) ··

Mild underweight (17·0–18·4) 670/2630 (25·5%) 473/1853 (25·5%) 197/777 (25·4%) ··

Moderate underweight (16·0–16·9) 361/2630 (13·7%) 247/1853 (13·3%) 114/777 (14·7%) ··

Severe underweight (14·0–15·9) 350/2630 (13·3%) 226/1853 (12·2%) 124/777 (16·0%) ··

Extremely severe underweight (<14·0) 60/2630 (2·3%) 34/1853 (1·8%) 26/777 (3·3%) ··

Modified ECOG performance status at 6 months§ ·· ·· ·· 0·17‡

0 2000/2651 (75·4%) 1430/1867 (76·6%) 570/784 (72·7%) ··

1 558/2651 (21·0%) 377/1867 (20·2%) 181/784 (23·1%) ··

2 74/2651 (2·8%) 47/1867 (2·5%) 27/784 (3·4%) ··

3 13/2651 (0·5%) 10/1867 (0·5%) 3/784 (0·4%) ··

4 6/2651 (0·2%) 3/1867 (0·2%) 3/784 (0·4%) ··

Data are mean (SD), median (IQR), or n/N (%), unless specified otherwise. Percentages might not add to 100% due to rounding. ECOG=Eastern Cooperative Oncology Group. 
*Calculated by Student’s t test. †Calculated by Mann-Whitney U test. ‡Calculated by χ² test. §Modified ECOG categories are described in the appendix (p 5).

Table 4: Nutritional status and performance status at enrolment and after 6 months of nutritional support in patients in the RATIONS trial
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2 months, the median change in weight was 2·2 kg 
(1·2–3·6) and in BMI was 0·89 kg/m² (0·49–1·46); 
1444 (54·0%) of 2676 patients gained at least 5% of 
their baseline weight. In 206 (7·7%) of 2674 patients, 
BMI was unchanged or reduced at 2 months. At 
6 months, the proportion of those with normal BMI 
increased from 16·5% to 43·5%, but 1441 (54·8% 
remained underweight; this included more than half 
of men and almost 60% of women. Of the 
48·6% of patients who were severely underweight at 
baseline, 15·6% continued to be so at the end of 
treatment. In terms of ECOG performance status, the 
proportion of patients in category 0 (able to carry out 
normal activity) increased from 2·8% at baseline to 
75·4% at the end of treatment (table 3, appendix p 8).

Absolute and relative weight gain in the initial 
2 months was associated with a reduced risk of 
tuberculosis mortality in Cox regression analysis. The 
adjusted HR of baseline weight was 0·92 (95% CI 
0·87–0·97) per 1-kg increment, with adjustment for 
male sex, age, baseline ECOG category, diabetes, and 
haemoglobin (table 5). The adjusted HR of bodyweight 
at 2 months for death during treatment was 0·68 
(0·56–0·82) per 1-kg increment. The adjusted HR of 
percentage weight gain at 2 months for death was 0·87 
(0·81–0·93) per 1% increase. We considered a 
5% weight gain by 2 months to be desirable;22 in Cox 
proportional hazards analysis, a desirable weight gain 
reduced the hazard (instantaneous risk) of death 
compared with those who gained less weight (adjusted 
HR 0·39 [0·18–0·86]; table 5). The results of Cox 
regression using complete case analysis and multiple 
imputation using a missing-at-random assumption 
were almost identical (data not shown).

Discussion
In our cohort of 2800 patients with microbiologically 
confirmed pulmonary tuberculosis, we observed a high 

prevalence of undernutrition. Severe undernutrition was 
seen in almost half of patients, and BMIs that were low 
enough to pose an immediate threat to life in the absence 
of nutritional intervention (<13 kg/m² in men and 
<11 kg/m² in women)27 were seen in 153 (5·5%) patients 
at baseline. Most deaths occurred in the intensive phase 
of treatment, with an overall case fatality ratio of 3·9%. 
At diagnosis, several indicators that can be easily 
assessed, such as bodyweight, BMI, haemoglobin, 
diabetes, and ECOG performance status, were predictors 
of tuberculosis mortality. Previous cohort studies have 
reported an association between these predictors and 
tuberculosis mortality.5,28–30 Weight gain during treatment, 
especially at 2 months, was associated with reduced 
mortality, with the instantaneous risk of death over the 
treatment period reducing by 13% for a 1% weight gain 
and by 61% for a 5% weight gain at 2 months.

The nutritional support delivered to patients in the 
form of food rations and micronutrient pills as an adjunct 
to antituberculosis treatment was feasible, cost less than 
$0·5 per day, and was associated with high rates of 
treatment success, lower loss to follow-up and treatment 
failure, more than 10% weight gain, and a marked 
improvement in performance status. These are an 
improvement over the outcomes reported by the NTEP. 
In 2022, the NTEP reported the following outcomes for 
patients notified in the public sector in 2020: treatment 
success of 83%, tuberculosis mortality of 4·4%, loss to 
follow-up of 2·5%, treatment failure of 0·6%, regimen 
changes of 1·8%, and outcomes not evaluated of 1·9%.17 
The national case fatality ratio appears similar to that 
seen in our study, but states with better health 
infrastructure, such as Kerala, had higher case fatality 
ratios (7·9%) than Jharkhand (2·9%).17 A cohort from 
NTEP during the COVID-19 pandemic, reported in 2022, 
had a case fatality ratio of 6·5% in the first 2 months, 
which was much higher than in our cohorts.31

Our study did not randomly assign patients to a control 
group without nutritional support for ethical reasons. 
Nevertheless, our results show a predictive effect for 
undernutrition at enrolment, and a protective effect of 
weight gain for tuberculosis mortality. Outcomes from 
two previous large multicentre cohort studies in patients 
with pulmonary tuberculosis that did not provide 
nutritional support are relevant because they had similar 
inclusion criteria, and a low prevalence of HIV and 
multidrug-resistant tuberculosis. One of these studies 
was conducted in southern and western India and 
included private-sector patients,30 and the other was an 
NTEP cohort that included participants from states such 
as Madhya Pradesh with similar socioeconomic indicators 
to Jharkhand.32 In the private-sector study, the loss to 
follow-up was 12%, and 78·5% completed treatment.30 
The NTEP cohort study reported a 6% (93 of 1565) case 
fatality ratio, 6% loss to follow-up, and 8% treatment 
failure.32 However, that study defined treatment failure 
with documentation of negative cultures at the end of 

Adjusted hazard 
ratio (95% CI)

Bodyweight at enrolment (per increment of 1 kg) 0·92 (0·87–0·97)

Percentage weight gain at month 2 (per 1% increase 
from enrolment bodyweight)

0·87 (0·81–0·93)

Weight gain of ≥5% at month 2 0·39 (0·18–0·86)

Models were adjusted for sex, age, and haemoglobin, and were stratified by 
baseline modified ECOG category and diabetes. Results were similar when 
adjusting only for sex, age, and haemoglobin. The proportionality hazard 
assumption was tested; it was often violated by diabetes and modified ECOG 
category at baseline. In that case, Cox proportionality hazard models were 
stratified, which was sufficient to ensure that the proportionality hazard 
assumption held. Missing data were addressed with multiple imputation via 
chained equations; results of a sensitivity analysis using complete case analysis 
were similar. ECOG=Eastern Cooperative Oncology Group.

Table 5: Results of multivariable Cox proportional hazards model 
examining weight as a time-dependent covariate up to the end of 
month 2 for the risk of tuberculosis mortality over a treatment period 
of 6 months
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treatment, unlike in RATIONS.32 A case fatality ratio of 
16 (15%) of 104 in patients with bodyweight of less than 
35 kg was reported in another cohort study from the 
NTEP.28 Improved treatment success with nutritional 
support was also seen in a 2021 pilot study in India.33

The NTEP reports a high prevalence of undernutrition 
in people in India with tuberculosis, with median 
bodyweights of 43 kg in men and 38 kg in women.34 The 
weight of men in our cohort was similar, whereas those of 
women were lower than the NTEP data. A mean weight 
gain of 3·2 kg was reported in an NTEP cohort,35 and it 
was 1·5 times higher in our cohort with nutritional 
support. An unchanged or decreased BMI at 2 months, 
associated with a five-fold higher risk of tuberculosis 
mortality, was observed in 59% of patients in a recent 
study in which patients did not receive nutritional 
support.30 Static or decreasing BMIs at 2 months were 
observed in only 7% of our cohort, indicating better 
weight gains. Overall, almost 45% of our patients had a 
normal BMI (18·5–24·9 kg/m²) at the end of 6 months. 
The dietary energy surplus over expenditure required to 
gain 1 kg of weight is approximately 7500 kcal.36 Not 
reaching a normal BMI could be due to a high prevalence 
of severe and extremely severe undernutrition at 
enrolment, the inability to reach an adequate dietary 
surplus in view of poverty, COVID-19-induced 
disruptions, early return to activity, and physiological 
limits to nutritional recovery over 6 months. In a smaller 
study of nutritional support from 2021, weight gains were 
satisfactory but 13% of patients continued to be severely 
underweight at the end of intervention.33

The current study has some limitations. The study 
design did not include a control patient group without 
nutritional support because this was deemed unethical in 
view of the high prevalence of severe undernutrition5,33 
and its association with mortality reported in Indian 
patients with tuberculosis.5,25 Our intervention was based 
on national guidelines and was standardised, rather than 
being individualised and graded with reference to 
nutritional status. Our assessment of adherence to food 
intervention was indirect,14 and food sharing could have 
occurred between patients and their contacts without 
tuberculosis, although nutritional counselling included 
advice to families that the food basket should be consumed 
by the patient alone. Tuberculosis cure, which is defined 
in the national guidelines as a negative smear examination 
at end of treatment, was not assessed in almost half of 
patients due to COVID-19-related disruptions.

A strength of this study is that the patient cohort was 
more than four times larger than has been studied in 
previous trials, and we evaluated implementation of 
nutritional support in a real-world, programmatic setting. 
The intervention was delivered despite a challenging 
terrain, poor road connectivity, and forest cover, and 
without interruption during the COVID-19 pandemic. 
The food basket was developed after discussion with 
community workers in the preparatory phase and was 

well accepted. We had low loss to follow-up and few 
missing values in our anthropometric measurements.

A primarily food-based nutritional support intervention 
was feasible, low-cost, and was associated with improved 
clinical outcomes. These findings have implications for 
the tuberculosis programme in India and other countries 
with a large burden of tuberculosis and undernutrition. 
We suggest that national programmes routinely assess 
nutritional status, haemoglobin, and performance status 
at diagnosis, in addition to HIV and diabetes screening; 
implement graded nutritional support as part of patient-
centred care; and provide close supervision with the 
option of referral for inpatient care in the intensive phase, 
the period with the highest risk of tuberculosis mortality.

Undernutrition is a widely prevalent, serious, and 
potentially lethal comorbidity in Indian patients with 
pulmonary tuberculosis. Baseline bodyweight was a risk 
factor for tuberculosis mortality, and weight gain in the 
first 2 months, with nutritional support, was associated 
with a significantly reduced hazard of death during 
treatment. The provision of nutritional support with food 
baskets and micronutrients was feasible and was 
associated with normalisation of performance status in 
the majority, as well as higher rates of treatment success, 
lower rates of loss to follow-up, and better weight gain 
compared with NTEP data.
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