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Summary
Background We report on TB treatment coverage and outcomes by sex among a nationally representative sample of
deaths in the background of the national framework for a gender-responsive approach to TB adopted by India.

Methods Detailed interviews were undertaken for a nationally representative sample of deaths of all ages between
2019 and 2022 from the adult most knowledgeable about the deceased. Details about TB treatment were documented
for females and males for whom history of TB diagnosis ever.

Findings Detailed data were available for 26,957 (92.1% participation) deaths. The prevalence of TB diagnosis ever was
2.9% (95% CI 2.6–3.2) and 5.8% (95% CI 5.4–6.1) among females and males, respectively. TB treatment coverage
was similar for females (81.4%; 95% CI 76.7–85.3) and males (82.4%; 95% CI 79.8–84.7). TB treatment coverage was
significantly lower for males with TB diagnosis in years 2021 and 2022 as compared to those diagnosed in 2019
(−12.1%; 95% CI −22.7 to −1.5). A similar proportion of females (55%) and males (58.9%) were on TB treatment at
the time of death, had completed TB treatment (39.3% females and 35% males, and had discontinued TB treatment
(5.3% females and 5.2% males); significant variation in treatment status was seen by age and state for both, and by
wealth index quartile for males. Majority took TB treatment from public sector (females 72.9% and males 76.0%).

Interpretation The sex-disaggregated findings from this nationally representative sample of deaths are a value-add to
effectively address TB in India as majority of such understanding towards gender-responsive strategies is available
from those who are alive.
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Introduction
India contributes the largest number of Tuberculosis
(TB) patients and TB-related deaths globally.1 The Na-
tional Strategic Plan (NSP) to end TB in India 2017–2025
is aimed at enhancing the coverage, quality, equity, effi-
ciency and effectiveness of the National Tuberculosis
Elimination Program (NTEP).2 Significant achievements
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have been made in TB prevention, care and control in
India between 2017 and 2019, including the imple-
mentation of the Ni-kshay national digital information
system, yet challenges remain largely due to social
stigma, poor access to quality services in the public
sector, and treatment seeking in mostly the unregulated
private health system with very little information available
ramme, Ministry of Health and Family Welfare, Govt. of India, Jeevan
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Research in context

Evidence before this study
India contributes the largest number of Tuberculosis (TB)-
related deaths globally. A variety of barriers to health care
seeking in TB are known for females and males in India; much
of the literature available on health seeking behaviour in TB
patients is based on either small sample size, patients in a
particular hospital or health facility or state, and in those who
are alive. Trends in TB treatment coverage and treatment
outcomes over time are modelled at the national level as
these data not readily available.

Added value of this study
In a nationally representative sample of deaths of all ages
between 2019 and 2022 enumerated from 1,000,000
population across nine Indian states, this study documents
trends in TB treatment coverage and outcomes, and in
barriers to completion of treatment over time in deceased
females and males disaggregated by wealth index, place of
residence, state, and type of TB treatment provider. TB

diagnosed cases among these deaths ranged from those
diagnosed with TB in 1960s–2022, thereby, providing a
reasonable understanding of trends over time. Furthermore,
implications of Covid-19 pandemic on TB treatment coverage
are reported. Additionally, trends in mean survival post TB
diagnosis are reported by the status of TB treatment at the
time of death in females and males disaggregated by wealth
index, place of residence, state, and type of TB treatment
provider.

Implications of all the available evidence
The findings from this nationally representative sample of
deaths in India highlight the importance of sex-disaggregated
data in monitoring of equity in access to and benefits of TB
treatment for both females and males. This evidence
contributes to development and implementation of gender-
responsive strategies under the national framework for a
gender-responsive approach to TB adopted by India in 2019.
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on quality and treatment completion.2 Furthermore, the
socio-cultural gender aspects of TB in India compounds
many of these challenges both for females and males.3–5

Gender analysis and gender-responsive TB pro-
gramming is recommended as gender influences TB
transmission, testing, treatment, adherence, and
outcomes.6–8 To this effect, India launched its national
framework for a gender-responsive approach to TB in
India in 2019 in line with the NSP.9 Significant recent
literature has captured the gendered aspects of TB
diagnosis, care and treatment outcomes in India, how-
ever, most literature is predominately based on small
sample size or patient population on TB treatment.10–14

Furthermore, COVID-19 pandemic has resulted in a
substantial reduction in TB testing and case notifica-
tions and increase in mortality in many countries in the
recent years, including in India.1,15–17 In this background,
we utilize data from a nationally representative survey of
deaths that occurred between 2019 and 2022 of all ages
in India designed to estimate TB mortality to under-
stand TB treatment coverage and outcomes by sex
among the deceased. The aim of this analysis was to
understand if any change was needed in the gender-
responsive strategies in the TB program based on the
gendered experiences of the deceased in these recent
years.
Methods
This study was approved by the Institutional Ethics
Committee of the Public Health Foundation of India.
All participants provided written informed consent, and
for those who could not read or write, the participant
information sheet and consent form were explained by a
trained interviewer and a thumb impression was
obtained.

Sampling
The data reported in this paper are from a nationally
representative survey of deaths for all ages that occurred
between 2019 and 2022 in India designed to estimate
TB mortality at the national level. A stratified sampling
approach was used to select the nine states, using a 3 × 3
matrix constructed considering the state TB prevalence
rate from the National TB prevalence survey of
2019–2021,18 and the socio-demographic index as esti-
mated by the Global Burden of Disease study for each
state.19 One state was randomly selected from each of
the nine matrix cells to obtain a reasonable geographic
spread across India (Appendix Table 1). A multi-stage
sampling procedure was used to select 1000 clusters
from 50 districts in nine states of India with the aim of
having a sample representative of the population of In-
dia. The number of districts were distributed across the
9 sampled states based on the total population in these
states. Accordingly, different numbers of districts were
sampled in different states as per the distribution of
population in the sampled states to overall population.
Four districts each were sampled in the states of Odisha,
Kerala, Jharkhand, Assam and Haryana; six districts
each in Gujarat and Tamil Nadu; eight districts in
Maharashtra; and ten districts in Uttar Pradesh. Three
iterations of random sampling were undertaken to
select the required number of districts from each state.
In each iteration for each state, districts arranged
alphabetically were randomly sampled as per the
required number. These districts were plotted on the
state map which was reviewed independently by three
www.thelancet.com Vol 31 December, 2024
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people to assess the geographic spread. Each person
indicated the preferred iteration that allowed for
maximum geographic spread. If the assessments of all
the three persons corroborated, that iteration was
selected as the final district sample for a particular state.
If the assessments did not corroborate, another round of
iteration was repeated until corroboration was achieved.
District sampling of all states was completed in round 1
except for Uttar Pradesh for which two rounds were
needed.

The sample size for all deaths was estimated for a
1,000,000 population sample based on crude death rate
for each of the sampled states and the assumed excess
deaths in these sampled states during January 2020–
December 2021. To estimate the TB deaths, we
assumed an annual TB death rate as 30 per 100,000
population for both sexes, with TB death rate to be
twice in males as in females assuming an annual TB
death rate of 20 per 100,000 in females and 40 per
100,000 in males in India. We assumed a design effect
of 1.5 for the sampling strategy, to get the 95% confi-
dence intervals within ±10% around the TB death rates
for India. With this a sample of 25,800 deaths was
arrived at for this survey.

Based on the Census 2011 data,20 20 study clusters of
about 1000 population were sampled in each district
using stratified systematic sampling technique, with the
proportion of rural-urban clusters similar to the pro-
portion of rural-urban population in each district. The
rural-urban population proportion in each district dur-
ing the study period was estimated by applying the
percentage increase in urban population in each
sampled state between Census 2001 and Census
201120,21 to the period after 2011. In the selected districts,
we divided large villages into segments of 1000 popu-
lation each, and combined villages with smaller popu-
lation with others to make a cluster size of 1000
population each. We then systematically selected the
rural clusters from the villages with the first cluster
sampled randomly, and similarly the urban clusters
from the wards. The same method of cluster selection
was followed for each of the selected districts in the
study. Our survey sample listed was similar to the Na-
tional Commission Population (NCP) projected popu-
lation by age and sex, and the rural population sample
was 8% higher than the NCP.22

All households in the sampled cluster were map-
ped in a serpentine pattern starting from the north-
east corner and ending in the opposite corner, with
usual residents in a household defined as people
eating from the same kitchen and on a regular basis. A
trained interviewer documented the number of cur-
rent usual residents, in-migration and out-migration,
and deaths between January 2019 and December
2022 in each household. All deaths between January
2019 and December 2022 were considered eligible for
the survey.
www.thelancet.com Vol 31 December, 2024
Data collection
Relevant to this paper, after confirming the year of death
and usual resident status for deaths between January
2019 and December 2022, trained interviewers docu-
mented socio-demographic information about the
deceased in confidential interviews undertaken in local
language with the adult who was most knowledgeable
about the deceased. History of TB diagnosis ever was
asked for all deaths. For the deaths for whom history of
TB diagnosis ever was reported, the year of TB diag-
nosis, whether TB treatment was taken, status of TB
treatment at the time of death, and type of TB treatment
provider was documented for the most recent episode of
TB. If TB treatment was not taken or discontinued by
the deceased, the reasons for the same were docu-
mented from the respondent. In addition, for the
deceased who were alive during the Covid-19 pandemic
period (2020–2021) and had not completed TB treat-
ment, the respondents were asked if the deceased had
TB related symptoms during that period and if a health
provider was seen for these symptoms during the
pandemic period. The reasons for not seeking care from
the health provider in the presence of TB symptoms
were documented.

The study questionnaire was developed in English
and translated into local languages of the sampled
states, and then back-translated into English to ensure
the accurate and relevant meaning and intent of the
questions. Pilot testing of the questionnaire and study
logistics was carried out in 6373 (83.2% participation)
households for enumeration and 667 (86.5%) re-
spondents for survey across the nine states and modi-
fications made as necessary. The interviews were
captured using the Open Development Kit software in
hand-held tablets.23 Data entered were scrutinized using
the built-in consistency checks based on logic of the
questionnaire to detect and correct errors using the
procedures standardized in the study to meet the data
quality. At least three attempts were made to reach all
eligible deaths, including visit at a later time if the
eligible respondent was travelling or not available dur-
ing the initial round of data collection in a particular
cluster. Data collection was undertaken from January
2023 to August 2023.

Data analysis
The main objective of this paper is to report on TB
treatment seeking pattern by sex for the deceased who
were reported to be diagnosed with TB ever. The dis-
tribution of year of TB diagnosis is presented by age at
diagnosis for females and males separately. We report
on the TB treatment coverage (defined as started TB
treatment irrespective of completion) by place of resi-
dence, wealth index quartile, and year of TB diagnosis;
and present the TB treatment status among those who
started TB treatment by age, place of residence (rural vs
urban), wealth index quartile, year of death, type of TB
3
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(pulmonary and extra-pulmonary), and state of resi-
dence separately for female and male deaths. Distribu-
tion of the type of TB treatment provider (public sector
vs private sector) is presented for the two sexes by the
place of residence, wealth index quartile, and year of TB
diagnosis. For those reported to have undertaken TB
treatment, treatment outcome is presented by the type
of TB treatment provider and year of diagnosis. The
reasons provided for never starting TB treatment and for
discontinuing TB treatment were reviewed and catego-
rized for meaningful interpretation (Appendix Table 2),
and are presented by sex of the deceased and by year of
death. We report on the reasons for not seeking health
care for those who were alive during the Covid-19
pandemic period and had not completed TB treatment
but were reported to have TB symptoms during this
period by the two sexes (Appendix Table 3).

Lastly, we report the mean age at death, and the gap
between TB diagnosis and death calculated in years
considering the year of TB diagnosis and the year of
death. The mean age at the time of death and mean gap
between diagnosis and death is reported separately for
males and females by the year of TB diagnosis, place of
residence, wealth index quartile, year of death, type of
TB, TB treatment status, and the state. Wealth index was
calculated using the standard methods used in the Na-
tional Family Health Survey to calculate the wealth in-
dex.24,25 We report 95% confidence interval for estimates
as relevant, and descriptive statistics are reported. Z-test
and Chi square test were used to report significance
between categories where relevant. All analyses were
performed using STATA V.13.1 software (StataCorp,
USA).
Results
A total of 276,738 households were enumerated (87.1%
participation) with an average population of 1,002,098
across the four years. A total of 29,273 deaths between
January 2019 and December 2022 were identified in this
population (Appendix Table 4). Detailed survey data
were available for 26,964 (92.1%) deaths, including
15,866 (58.9%) male deaths and 19,296 (71.6%) deaths
in rural area.

TB treatment coverage
A total of 322 (2.9%; 95% CI 2.6–3.2) deceased females
and 915 (5.8%; 95% CI 5.4–6.1) deceased males were
reported to have been ever diagnosed with TB. Data on
the year of TB diagnosis was available for 1132 (91.5%)
cases. The year of TB diagnosis ranged from 1961 to
2022 for females and from 1960 to 2022 for males, with
the median year of diagnosis as 2019 for both. A total of
298 (26.3%) of all cases with the year of diagnosis
available were diagnosed in year 2016 or earlier, 164
(14.5%) between 2017 and 2018, and 670 (59.2%) cases
in year 2019 or later. The proportion of diagnosis in
females was significantly higher in younger ages (29
years or less) than in males of similar age, was similar
for both between 30 and 59 years of age, and then was
higher in males for 60–69 years of age than for females
in the same age group (Appendix Figure 1).

Data on TB treatment coverage was not available for
15 (4.7%) females and 51 (5.6%) males who were re-
ported to be diagnosed with TB. Irrespective of the year of
diagnosis, TB treatment coverage was similar for females
(81.4%; 95% CI 76.7–85.3) and males (82.4%; 95% CI
79.8–84.7) and also by the place of residence for both
(Table 1). This coverage was lower in females belonging
to wealth index quartile 1 (75.0%; 95% CI 65.3–82.7)
from the other wealth index quartiles but was not statis-
tically significant. The proportion of never starting TB
treatment was 1.57 times higher among those diagnosed
in year 2022 as compared with those diagnosed in year
2021 for females, and was 1.7 times higher for those
diagnosed in years 2021 and 2022 as compared with
those in year 2020 for males (Fig. 1). There was a sta-
tistically significant reduction in TB treatment coverage
for those diagnosed in years 2021 and 2022 as compared
with year 2019 for males (−12.1%; 95% CI −22.7 to −1.5)
and borderline significant reduction for females (−13.9%;
95% CI −32.7 to 5.0).

Overall, 45 (14%) females and 110 (12%) males were
reported to have never started TB treatment. The dis-
tribution of never starting TB treatment by the age at TB
diagnosis is shown in Appendix Figure 2, and it was
broadly higher for males across the age groups as
compared with females except in 50–59 years wherein it
was significantly higher for females. The reasons for not
starting TB treatment were broadly similar for females
and males, and were reported as money-related, pro-
vider-related, access-related, and having no TB symp-
toms (Appendix Figure 3).

TB treatment status
Among the 262 deceased females who were reported to
have started TB treatment, 144 (55%) were on TB
treatment at the time of death, 103 (39.3%) had
completed TB treatment, and 14 (5.3%) had dis-
continued TB treatment (Table 2). The proportion of
being on TB treatment at the time of death decreased
and that of having completed TB treatment increased
with increasing age at death (p < 0.001), and there was a
significant difference in the TB treatment pattern for
females by wealth index quartile (p = 0.030) and state
(p = 0.004). No significant difference was seen by the
other variables shown in Table 2. A distinct difference
was seen in the TB treatment pattern for deceased fe-
males between years 2019–20 and 2021–22 (Fig. 2), with
the proportion of those who had completed TB treat-
ment being significantly higher in the latter (45.9%)
than in the former (32.8%; p = 0.013). Among the 754
deceased males who were reported to have started TB
treatment, 444 (58.9%) were on TB treatment at the time
www.thelancet.com Vol 31 December, 2024
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Variable Variable categories Coverage of TB treatment (95% confidence interval)

Females Males

Overall 81.4 (76.7–85.3) 82.4 (79.8–84.7)

Place of residence Rural 80.2 (74.7–84.7) 82.0 (78.9–84.7)

Urban 85.7 (75.1–92.3) 83.7 (78.3–88.0)

Wealth index quartile Q1 75.0 (78.3–88.0) 82.3 (77.7–86.0)

Q2 83.1 (73.8–89.6) 78.5 (72.6–83.5)

Q3 83.1 (72.4–90.2) 82.6 (76.5–87.4)

Q4 86.4 (75.7–92.8) 87.2 (81.4–91.3)

Year of TB diagnosis 2015 or earlier 85.7 (74.6–92.5) 89.9 (48.9–80.7)

2016–2018 94.9 (81.3–98.7) 89.9 (80.9–94.9)

2019 84.0 (81.3–98.7) 88.8 (84.3–92.1)

2020 82.9 (68.0–91.7) 83.6 (75.9–89.2)

2021 75.7 (59.2–87.0) 72.2 (63.0–79.9)

2022 66.7 (48.9–80.7) 74.8 (65.4–82.2)

CI denotes confidence interval.

Table 1: Coverage of Tuberculosis (TB) treatment by select variables in deaths who were reported to be diagnosed with TB ever.

Female deaths
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Fig. 1: Distribution of Tuberculosis (TB) treatment status among deaths who were ever diagnosed with TB, by the year of TB diagnosis.
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Variable Variable categories Total deaths
reported to have
started TB
treatment

TB treatment status Chi-square
test of
significance,
p-value

Discontinued TB
treatment
(% of N; 95% CI)

On TB treatment at
the time of death
(% of N; 95% CI)

TB treatment was
completed before death
(% of N; 95% CI)

TB treatment started
but status unknown
(% of N; 95% CI)

Overall 262 14 (5.3; 3.2–8.8) 144 (55.0; 48.9–60.9) 103 (39.3,33.5–45.4) 1 (0.4; 0.1–2.7)

Age group (in years) 0–19 11 0 10 (90.9; 46.3–99.1) 1 (9.1; 0.9–53.7) 0 <0.001

20–39 41 1 (2.4; 0.3–16.6) 28 (68.3; 52.0–81.1) 12 (29.3; 17.0–45.5) 0

40–59 81 2 (2.5; 0.6–9.6) 57 (70.4; 59.3–79.4) 22 (27.2; 18.4–38.1) 0

60–79 103 8 (7.8; 3.9–14.9) 42 (40.8; 31.6–50.7) 52 (50.5; 40.8–60.2) 1 (1.0; 0.1–6.8)

80+ 26 3 (11.5; 3.5–32.1) 7 (26.9; 12.7–48.3) 16 (61.5; 40.7–78.9) 0

Place of residence Urban 60 3 (5.0; 1.6–14.8) 34 (56.7; 43.6–68.9) 22 (36.7; 25.2–49.9) 1 (1.7; 0.2–11.5) 0.313

Rural 202 11 (5.4; 3.0–9.6) 110 (54.5; 47.5–61.3) 81 (40.1; 33.5–47.1) 0

Wealth index quartile Q1 72 6 (8.3; 3.7–17.6) 49 (68.1; 56.2–78.0) 17 (23.6; 15.0–35.0) 0 0.030

Q2 74 3 (4.1; 1.3–12.1) 42 (56.8; 45.0–67.8) 29 (39.2; 28.6–51.0) 0

Q3 59 1 (1.7; 0.2–11.7) 29 (49.2; 36.4–62.1) 28 (47.5; 34.8–60.5) 1 (1.7; 0.2–11.7)

Q4 57 4 (7.0; 2.6–17.7) 24 (42.1; 29.7–55.6) 29 (50.9; 37.7–63.9) 0

Type of TB Pulmonary 217 11 (5.1; 2.8–9.0) 113 (52.1; 45.4–58.7) 92 (42.4; 35.9–49.1) 1 (0.5; 0.1–3.2) 0.147

Extra-pulmonary 45 3 (6.7; 2.1–19.4) 31 (68.9; 53.5–81.0) 11 (24.4; 13.8–39.6) 0

State Assam 23 1 (4.3; 0.5–28.4) 7 (30.4; 14.3–53.4) 15 (65.2; 42.6–82.6) 0 0.004

Gujarat 27 1 (3.7; 0.5–24.5) 14 (51.9; 32.5–70.7) 12 (44.4; 26.2–64.3) 0

Haryana 36 3 (8.3; 2.6–23.9) 16 (44.4; 28.6–61.5) 17 (47.2; 31.0–64.0) 0

Jharkhand 25 2 (8.0; 1.8–29.1) 13 (52.0; 31.8–71.6) 10 (40.0; 22.0–61.2) 0

Kerala 11 0 4 (36.4; 11.7–71.2) 6 (54.5; 22.6–83.2) 1 (9.1; 0.9–53.7)

Maharashtra 27 2 (7.4; 1.7–27.2) 13 (48.1; 29.3–67.5) 12 (44.4; 26.2–64.3) 0

Odisha 24 0 19 (79.2; 56.8–91.7) 5 (20.8; 8.3–43.2) 0

Tamil Nadu 14 0 8 (57.1; 28.4–81.7) 6 (42.9; 18.3–71.6) 0

Uttar Pradesh 75 5 (6.7; 2.7–15.3) 50 (66.7; 55.0–76.6) 20 (26.7; 17.7–38.0) 0

CI denotes confidence interval.

Table 2: Basic descriptive data by Tuberculosis (TB) treatment status for female deaths with a history of ever diagnosis of TB who were reported to have started TB treatment.
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of death, 264 (35%) had completed TB treatment, and 39
(5.2%) had discontinued TB treatment (Table 3). The
proportion of being on TB treatment at the time of death
decreased whereas and that of having completed TB
treatment increased with increasing age at death for
males (p = 0.001). There was a significant difference in
the TB treatment pattern for deceased males by state,
wealth index quartile, and type of TB (Table 3). Varia-
tions were seen in the reasons between females and
males for discontinuing TB treatment with the provider-
related reasons and Covid-19 lockdown reported as
reasons higher for the former than the latter (Appendix
Figure 3).

Access to health care during COVID-19 pandemic
A total of 647 (52.3%) deceased were alive during the
Covid-19 pandemic of whom 42 (6.5%) had completed
TB treatment for both sexes combined. Among the 157
females and 448 males who were alive during the Covid-
19 pandemic, 119 (75.8%) females and 341 (76.1%)
males were reported to have TB symptoms during
COVID-19 pandemic and 108 (68.9%) females and 335
(74.8%) males were on TB treatment at that time.
Among those with TB symptoms, 103 (86.5%) females
and 294 (86.2%) males had accessed health care for
symptoms, 12 (10.1%) females and 35 (10.3%) males
did not access health care, and 4 (3.4%) females and 12
(3.5%) males died before accessing health care for TB
symptoms, respectively. Deceased who never started
TB treatment (6 females and 19 males) and those on TB
treatment at the time of death (6 females and 16 males)
accounted for the cases who did not seek health care for
their symptoms. Some variation was seen in the pattern
of reasons for not accessing health care for TB symp-
toms by treatment status and by sex (Appendix
Figure 4). Pandemic social norms and fear of quaran-
tine were reported for the majority, and these were re-
ported more for females than males.

Type of TB treatment provider
Among the 262 and 754 deceased females and males for
whom TB treatment was reported, 191 (72.9%) females
and 573 (76.0%) males had taken TB treatment from
public sector provider, respectively. Overall irrespective
of the year of diagnosis, the proportion of private sector
provider utilization for TB treatment was similar by
www.thelancet.com Vol 31 December, 2024
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Fig. 2: Distribution of Tuberculosis (TB) treatment status among deaths who were reported to have started TB treatment, by the year of
death.
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females (21.8%) and males (20.2%; Appendix Figure 5).
For females, the proportion of private sector utilization
was higher though not statistically significant in those
diagnosed between the years 2020 and 2022 (29.3%) as
compared with those diagnosed in years 2018–2019
(17.9%; p = 0.107). The proportion of private sector
provider utilization for TB treatment in urban areas was
higher in females (39.3%) as compared with males
(23.6%; p = 0.128) though not significant. The propor-
tion of private sector provider utilization for TB treat-
ment increased with increasing wealth index quartile
among females in urban area and for males in rural area
www.thelancet.com Vol 31 December, 2024
though not statistically significant (Fig. 3). The utiliza-
tion of private sector provider by wealth index quartile 4
females and males was higher by 24.1% (95% CI −79.5
to 127.7) and 37.8% (95% CI −18.1 to 93.7%) as
compared with those in wealth index quartile 1 in the
rural areas, respectively.

The proportion of females on treatment at the time
of death was similar between the public sector (56.5%)
and private sector (54.4%) provider (Appendix Figure 6).
The proportion of females who had discontinued TB
treatment was nearly 5 times higher among those with
private sector provider (12.3%) as compared with the
7

http://www.thelancet.com


Variable Variable categories Total deaths
reported to
have started
TB treatment

TB treatment status Chi-square
test of
significance,
p-value

Discontinued TB
treatment
(% of N; 95% CI)

On TB treatment at
the time of death
(% of N; 95% CI)

TB treatment was
completed before death
(% of N; 95% CI)

TB treatment started
but status unknown
(% of N; 95% CI)

Overall 754 39 (5.2; 3.8–7.0) 444 (58.9; 55.3–62.4) 264 (35.0; 31.7–38.5) 7 (0.9; 0.4–1.9)

Age group (in years) 0–19 7 0 6 (85.7; 25.7–99.0) 1 (14.3; 1.0–74.3) 0 0.001

20–39 97 6 (6.2; 2.8–13.3) 73 (75.3; 65.5–82.9) 16 (16.5; 10.3–25.4) 2 (2.1; 0.5–8.1)

40–59 263 12 (4.6; 2.6–7.9) 166 (63.1; 57.1–68.8) 84 (31.9; 26.6–37.9) 1 (0.4; 0.1–2.7)

60–79 331 18 (5.4; 3.4–8.5) 176 (53.2; 47.8–58.5) 133 (40.2; 35.0–45.6) 4 (1.2; 0.5–3.2)

80+ 56 3 (5.4; 1.7–15.8) 23 (41.1; 28.7–54.6) 30 (53.6; 40.2–66.5) 0

Place of residence Urban 190 14 (7.4; 4.4–12.1) 103 (54.2; 47.0–61.2) 73 (38.4; 31.7–45.6) 0 0.089

Rural 564 25 (4.4; 3.0–6.5) 341 (60.5; 56.4–64.4) 191 (33.9; 30.1–37.9) 7 (1.2; 0.6–2.6)

Wealth index quartile Q1 269 12 (4.5; 2.5–7.7) 179 (66.5; 60.7–72.0) 75 (27.9; 22.8–33.6) 3 (1.1; 0.4–3.4) 0.036

Q2 172 13 (7.6; 4.4–12.6) 102 (59.3; 51.7–66.5) 56 (32.6; 25.9–40.0) 1 (0.6; 0.1–4.1)

Q3 157 6 (3.8; 1.7–8.3) 84 (53.5; 45.6–61.2) 65 (41.4; 33.9–49.3) 2 (1.3; 0.3–5.0)

Q4 156 8 (5.1; 2.6–10.0) 79 (50.6; 42.8–58.5) 68 (43.6; 35.9–51.6) 1 (0.6; 0.1–4.5)

Type of TB Pulmonary 663 36 (5.4; 3.9–7.4) 401 (60.5; 56.7–64.1) 222 (33.5; 30.0–37.2) 4 (0.6; 0.2–1.6) 0.005

Extra-pulmonary 91 3 (3.3; 1.0–9.9) 43 (47.3; 37.1–57.7) 42 (46.2; 36.0–56.6) 3 (3.3; 1.0–9.9)

State Assam 71 6 (8.5; 3.8–17.9) 33 (46.5; 35.0–58.3) 32 (45.1; 33.7–57.0) 0 <0.001

Gujarat 52 3 (5.8; 1.8–17.0) 30 (57.7; 43.6–70.7) 19 (36.5; 24.3–50.8) 0

Haryana 109 8 (7.3; 3.7–14.1) 50 (45.9; 36.6–55.4) 50 (45.9; 36.6–55.4) 1 (0.9; 0.1–6.4)

Jharkhand 113 2 (1.8; 0.4–6.9) 76 (67.3; 58.0–75.4) 35 (31.0; 23.0–40.2) 0

Kerala 33 2 (6.1; (1.4–2.6) 7 (21.2; 10.0–39.4) 24 (72.7; 54.3–85.7) 0

Maharashtra 82 5 (6.1; 2.5–14.1) 54 (65.9; 54.7–75.5) 21 (25.6; 17.2–36.4) 2 (2.4; 0.6–9.5)

Odisha 63 0 35 (55.6; 42.9–67.6) 28 (44.4; 32.4–57.1) 0

Tamil Nadu 41 3 (7.3; 2.3–21.2) 24 (58.5; 42.5–73.0) 14 (34.1; 20.9–50.4) 0

Uttar Pradesh 190 10 (5.3; 2.8–9.6) 135 (71.1; 64.1–77.1) 41 (21.6; 16.3–28.1) 4 (2.1; 0.8–5.5)

CI denotes confidence interval.

Table 3: Basic descriptive data by Tuberculosis (TB) treatment status for male deaths with a history of ever diagnosis of TB who were reported to have started TB treatment.
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public sector provider (2.6%; z test p = 0.003). There was
no significant difference in treatment status by type of
treatment provider for males (Appendix Figure 6).
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in Table 4. The mean age at death was 56.8 years (95%
CI 54.6–58.9) for females and 57.3 years (95% CI
56.2–58.3) for males. The mean age at death was
significantly lower for males belonging to wealth index
quartiles 1 or 2 as compared with those in quartile 4,
and for those who never started TB treatment or were on
TB treatment at the time of death as compared with
those who had completed TB treatment (Table 4).

Overall, the mean gap between TB diagnosis and
death in years was not significantly different between
females (5.7 years; 95% CI 4.5–6.9) and males (4.4 years;
95% CI 3.9–5.0). The highest mean gap was docu-
mented for those who had completed TB treatment at
the time of death, and was similar for females (12.8
years; 95% CI 10.0–15.5) and males (10 years; 95% CI
8.5–11.4). Similarly, the least mean gap was docu-
mented for those who had discontinued TB treatment
for both females (5.5 years; 95% CI 0–12.4) and males
(6.7 years; 95% CI 3.4–10.0).
Variable Variable categories Mean

Femal

Overall 56.8 (

Place of residence Urban 57.0 (

Rural 56.7 (

Wealth index quartile Q1 52.6 (

Q2 54.1 (

Q3 62.8 (

Q4 60.0 (

Year of death 2019 54.3 (

2020 55.4 (

2021 59.9 (

2022 57.4 (

Type of TB Pulmonary 57.7 (

Extra-pulmonary 52.7 (

State Assam 56.6 (

Gujarat 54.6 (

Haryana 62.9 (

Jharkhand 56.0 (

Kerala 67.3 (

Maharashtra 57.1 (

Odisha 53.7 (

Tamil Nadu 60.9 (

Uttar Pradesh 53.4 (

TB treatment status Never started TB treatment 57.2 (

Discontinued TB treatment 67.6 (

On TB treatment at the time of death 51.0 (

TB treatment completed before death 62.6 (

TB treatment started but status unknown 68.0

Do not know about TB treatment 59.9 (

CI denotes confidence interval.

Table 4: Average age at death and gap between Tuberculosis (TB) diagnosis
diagnosed with TB ever by select variables.

www.thelancet.com Vol 31 December, 2024
The mean gap between TB diagnosis and death
ranged from <1 to 60 years for females. A total of 225
(76.5%) females survived for 5 years or less, 16 (5.4%)
for >5–9 years, and 53 (18.0%) for 10 years or more
post TB diagnosis. There was no significant difference
in mean gap by place of residence, wealth index
quartile, and year of death for females. The highest
mean gap was documented in the state of Kerala for
females (9.3 years) but was not significantly different
from the other states. Survival in years post TB diag-
nosis ranged from <1 to 62 years for males. A total of
660 (78.8%) males survived for 5 years or less, 45
(5.4%) for >5–9 years, and 133 (15.9%) for 10 years or
more post TB diagnosis. The mean gap between TB
diagnosis and death for males was significantly higher
in those belonging to the wealth index quartile 4 (6.6
years; 95% CI 4.8–8.5) as compared with those
belonging to the wealth index quartile 1 (3.3 years; 95%
CI 2.6–4.0). The highest mean gap for males was also
age at death in years (95% CI) Mean gap between TB diagnosis
and death in years (95% CI)

e Male Female Male

54.6–58.9) 57.3 (56.2–58.3) 5.7 (4.5–6.9) 4.4 (3.9–5.0)

51.8–62.2) 56.5 (54.4–58.7) 6.5 (3.5–9.5) 5.5 (4.2–6.9)

54.4–59.1) 57.5 (56.3–58.7) 5.5 (4.2–6.8) 4.1 (3.4–4.7)

49.2–56.0) 54.0 (52.2–55.7) 4.4 (2.6–6.1) 3.3 (2.6–4.0)

49.9–58.4) 57.1 (55.0–59.2) 3.5 (1.9–5.2) 3.9 (3.0–4.9)

58.3–67.3) 57.5 (55.2–59.9) 6.9 (4.0–9.9) 5.0 (3.6–6.3)

54.9–65.1) 63.3 (61.1–65.5) 9.3 (6.0–12.7) 6.6 (4.8–8.5)

49.5–59.1) 56.5 (54.3–58.6) 6.1 (3.4–8.7) 4.4 (3.1–5.7)

51.3–59.4) 57.1 (55.0–59.2) 3.7 (2.1–5.4) 4.4 (3.2–5.6)

56.4–63.3) 56.8 (54.6–59.1) 7.3 (4.3–10.3) 4.8 (3.6–6.0)

52.8–61.9) 58.4 (56.5–60.4) 5.9 (3.7–8.0) 4.2 (3.2–5.2)

55.3–60.0) 57.2 (56.1–58.4) 5.9 (4.6–7.2) 4.1 (3.5–4.7)

47.6–57.7) 57.6 (54.7–60.4) 4.8 (1.8–7.8) 6.6 (4.5–8.7)

50.7–62.5) 58.0 (55.1–60.9) 4.5 (1.7–7.3) 4.0 (2.6–5.4)

46.7–62.6) 53.9 (50.3–57.6) 6.8 (2.9–10.7) 3.9 (2.0–5.8)

57.0–68.7) 59.1 (56.1–62.0) 7.4 (3.9–11.0) 5.8 (3.7–7.8)

49.6–62.4) 52.9 (50.1–55.6) 6.1 (2.9–9.3) 3.7 (2.3–5.1)

56.6–78.0) 68.2 (65.0–71.4) 9.3 (0–22.0) 10.0 (5.7–14.4)

49.8–64.3) 55.0 (51.5–58.5) 6.4 (1.6–11.1) 4.2 (2.6–5.8)

48.3–59.1) 59.5 (55.6–63.5) 3.3 (0–7.7) 6.2 (4.3–8.1)

54.1–67.6) 60.6 (57.2–64.1) 8.8 (2.3–15.3) 3.7 (1.9–5.5)

49.1–57.7) 56.9 (54.8–59.0) 4.5 (2.7–6.4) 3.2 (2.2–4.2)

51.1–63.3) 55.9 (52.3–59.5) 3.6 (1.4–5.8) 1.7 (0.8–2.6)

56.3–78.8) 57.5 (52.0–63.0) 5.5 (0–12.4) 6.7 (3.4–10.0)

47.9–54.1) 54.8 (53.3–56.3) 1.7 (0.9–2.5) 1.7 (1.3–2.2)

59.3–66.0) 61.8 (60.1–63.6) 12.8 (10.0–15.5) 10.0 (8.5–11.4)

57.3 (44.5–70.1) 5.2 (0–11.0) 3.8 (0–10.3)

50.9–68.8) 58.3 (54.4–62.2) – 6.2 (2.5–10.0)

and death in years among deaths who were reported to have been
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in Kerala state (10 years; 95% CI 5.7–14.4), which was
significantly higher than in Assam (4.0 years; 95% CI
2.6–5.4), Jharkhand (3.7 years; 95% CI 2.3–5.1), Tamil
Nadu (3.7 years; 95% CI 1.9–5.5), and Uttar Pradesh
(3.2 years; 95% CI 2.2–4.2).
Discussion
The sex-disaggregated findings on TB coverage by
wealth index, place of residence, state, and type of TB
treatment provider from a nationally representative
sample of deaths in India allows for a more recent un-
derstanding of gender issues that may be needed to
effectively address TB in India.

The history of TB diagnosis was significantly higher
in males than in females though variations were seen
by the age group for the two sexes.2,9,18 Overall, TB
treatment coverage was fairly high at over 80% for both
females and males with not much gender-differential
seen in TB treatment coverage. However, by the year
of diagnosis, there was a 57%–70% increase in not
starting TB treatment among those diagnosed with TB
in 2021/22 as compared with 2020/19, and a signifi-
cant drop in TB treatment coverage for males and of
borderline significance for females diagnosed in 2021/
22 as compared with 2019. It is now well established
that the COVID-19 pandemic has had and continues to
have damaging impact on access to TB treatment
slowing down the progress made up to 2019 with the
global TB targets being off track.26 Previously published
modelled estimates indicate a drop from 88% to 25% in
TB treatment initiation as a result of stock-outs and
supply interruptions in India during the COVID-19
lockdown.15,27 Data from this study also indicate a
drop in treatment coverage but potentially for both
males and females. However, this study does not allow
us to comment on the extent of reduction in TB noti-
fication rate as a result of COVID-19 pandemic in India
or what proportion of people diagnosed with TB in
2021/22 were part of the backlog of people who
developed TB in previous years whose diagnosis was
delayed by COVID-related disruptions.1 Important to
note is that India is among the two countries that have
made the biggest contributions to the global rebound
in the reported number of people newly diagnosed with
TB in 2022 between 2021 and 2022.27 Extrapolating this
trend, it is likely that the TB treatment initiation has
also had a rebound in India since the COVID-19
pandemic. Additionally, most deceased who were re-
ported to have TB symptoms during the COVID-19
pandemic in this study also accessed health care dur-
ing that time with no significant gender-differentials
reported in this access. We are unable to comment
on whether the health care access was sought for TB or
for COVID-19 given the similarity of symptoms but
this finding suggests an increase in health seeking
behaviour during the pandemic.28–32
The public sector was the predominant TB treat-
ment provider for both females and males in this
study, however, distinct variations were seen when
disaggregated by wealth index, place of residence, and
year of death. A higher preference for the private sector
in this study was reported for females in the urban
areas, and its higher utilisation both by females and
males belonging to the highest wealth index quartile.
Increase in the private sector utilisation was seen for
females diagnosed with TB in 2020–22 as compared
with 2016–19 but not for males. The finding of pref-
erence for the private sector for TB services among
deceased females is similar to that reported in India
among the alive which is due to various reasons,
including stigma and gendered health care services
poor at addressing the needs of women.9,33–35 Our study
adds to the literature indicating that it is likely that
COVID-19 further increased utilisation of private
sector as the public sector was occupied with COVID-
19 pandemic services.36,37 Additionally in this study,
more females in the private sector discontinued TB
treatment as compared with those in the public sector.
Over the last five years, significant progress has been
made under the NTEP to expand the coverage of and to
involve more private sector providers in TB care.2 The
National TB prevalence survey 2019–21 estimated that
half of the people with TB symptoms sought care from
the private sector in India but with considerable vari-
ations across the states. With a large number of people
with TB being managed by the private sector, there are
concerns about the suboptimal quality of care; lack of
systems for ensuring treatment adherence, patient
support, and contact screening and investigations; and
high lost to follow-up rate, eventually raising the risk of
drug resistance to TB.38–41 These data suggest that the
gendered aspects of utilisation of private sector during
the pandemic needs further exploration as it would be
relevant for other future public health emergencies on
national efforts to control TB; and also strengthening
of gender lens in the service delivery in private sector
for TB services in particular due to the finding of
increased loss to follow-up among the deceased
women.9,33

The barriers for not starting or discontinuing TB
treatment were largely similar for deceased females and
males in our study, and are similar to those reported
previously among alive population.5,9,12,33,42 The
continued reporting of similar barriers over time across
the various studies and among the deceased indicate
that these barriers have to be addressed specifically to
increase the uptake and adherence of TB treatment.
Even though the types of barriers cited were similar for
females and males, it is important to note that gender
has a marked effect on TB epidemiology across the life
course, as females and males follow different pathways
to seek diagnosis and treatment.9,33,43 For females,
gender roles can also negatively affect health seeking
www.thelancet.com Vol 31 December, 2024
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behaviour, treatment adherence and experiences of
stigma, hence, interventions to reduce diagnostic delay
and improve engagement with care for males are likely
to look quite different to those suitable for
females.3,9,33,44,45 It is noted that healthcare services
dominated by a traditionally masculine, authoritarian
approach may be unable to adequately meet the needs of
men, and may be even poorer at addressing the needs of
women.9,33,46 Therefore, as also indicated in the national
gender-responsive approach to TB in India, gender-
responsive development of policy and services is
required both with regard to the gender-related needs of
patients, and the gendered behaviour of service pro-
viders to systematically and adequately address the
barriers towards the uptake and adherence of TB
treatment.7,9,33,46

The mean age at death among those diagnosed with
TB was still lower than the life expectancy at birth of
70.8 years in India in 2019,47 highlighting the disparity
in years of potential life lost for those suffering with TB.
Though the mean age at death was similar between
females and males, there were significant differences
for mean age at death by wealth index quartile and
treatment status for males. Interpretation of the mean
gap between TB diagnosis and death should be done
with caution as this is reported only from those who
have died, and hence could be an underestimation of
actual mean survival post TB diagnosis. With this mean
gap being the highest for those who had completed TB
treatment and the least for those who had discontinued
TB treatment, it further substantiates the efforts of TB
program in TB case finding, initiating TB treatment
and facilitating adherence to TB treatment.2 Further-
more, we did not find gender differentials in the mean
gap, but distinct differences were seen for males by
wealth index and state. This disproportionate risk of
premature mortality in those with TB can be alleviated
through the delivery of better and more accessible tar-
geted services, and through engagement with TB sur-
vivors for advocacy. The NTEP strategy 2025 envisages
to actively engage with and work through the commu-
nity for ensuring community driven response to end TB
by 2025.2 These data highlighting the lower age at death
and better mean survival on completing TB treatment
can be used to tailor specific messages and in-
terventions for community engagement, in particular to
target vulnerable populations.2

Use of sex-disaggregated data at various stages of the
TB care cascade is a key resource for the design and
evaluation of gender-responsive programming.7,8 Appli-
cation of gender lens is recommended for the NTEP as
part of the National framework for a gender-responsive
approach to TB.9,33 Importantly, the key indicators for
the priority programmatic areas and the targets indi-
cated in NSP 2020–25 are not sex-disaggregated.2 It
would be imperative for the NSP and NTEP to generate
www.thelancet.com Vol 31 December, 2024
and monitor sex-disaggregated data including among
the deceased to ensure that the objectives of the gender-
responsive approach to TB are met.

The major strength of this study is that it is a
representative sample of deaths in India between 2019
and 2022, which is a value-add as this population is
typically not covered in routine service coverage sur-
veys. The last nationally representative survey of
deaths in India was undertaken for deaths in years
1998–2014.48 In addition to good participation, data on
TB cases diagnosed from 1960s to 2022 provide a
reasonable understanding of trend over time. The
limitations of the study include possible recall bias in
terms of reporting of TB diagnosis or treatment status,
in particular for those who were diagnosed of TB
much earlier and if treatment was taken from various
providers over a period of time. There could also be
under-reporting of TB diagnosis due to stigma asso-
ciated with TB.

We have utilized a mortality survey designed to
estimate TB mortality to capture sex-disaggregated TB
treatment coverage and outcomes among the deceased.
The majority of the data on gender-specific issues in
TB programming is available for those who are
currently on treatment or who were lost to follow-up.
This study offers a unique perspective in understand-
ing gender-specific issues among those who have died,
a population missed in most assessments. We believe
that this approach complements the insights available
from TB program data, thereby, leading to a more
nuanced and comprehensive understanding of TB
services and outcomes at the population level. Though
triangulation of the data from this survey with other
data sources was beyond the scope for this analysis,
such a triangulation can benefit programmatic action
and decision-making especially in high TB burden
countries to address TB treatment coverage and
improve treatment outcomes.

In conclusion, India is committed to achieve the
Sustainable Development Goals related to ending TB by
2025, five years ahead of the global target. The sex-
disaggregated findings from this nationally representa-
tive sample of deaths are a value-add to effectively
address TB in India as majority of such understanding
towards gender-responsive strategies is available from
those who are alive.
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