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Abstract

Background: Tuberculosis, as a communicable disease, is an ongoing global epidemic that accounts for high burden
of global mortality and morbidity. Globally, with an estimated 10 million new cases and around 1.4 million deaths, TB
has emerged as one of the top 10 causes of morbidity and mortality in 2019. Worst hit 8 countries account for two
thirds of the new TB cases in 2019, with India leading the count. Despite India's engagement in various TB control
activities since its first recognition through the resolution passed in the All-India Sanitary Conference in 1912 and
launch of first National Tuberculosis Control Programme in 1962, it has remained a major public health challenge to
overcome. To accelerate progress towards the goal of ending TB by 2025, 5 years ahead of the global SDG target, it

is imperative to outline the incidence and mortality trends of tuberculosis in India. This study aims to provide deep
insights into the recent trends of TB incidence and mortality in India from 1990 to 2019.

Methods: This is an observational study based on the most recent data from the Global Burden of Disease (GBD)
Study 2019. We extracted numbers, age-specific and age-standardized incidence and mortality rates of Tuberculosis
for the period 1990-2019 from the Global Health Data Exchange. The average annual percent change (AAPC) along
with 95% Confidence Interval (Cl) in incidence and mortality were derived by joinpoint regression analysis; the net
age, period, and cohort effects on the incidence and mortality rates were estimated by using Age—Period—Cohort
model.

Results: During the study period, age-standardized incidence and mortality rates of TB in India declines from 390.22
t0 223.01 and from 121.72 to 36.11 per 100,000 population respectively. The Joinpoint regression analysis showed a
significant decreasing pattern in incidence rates in India between 1990 and 2019 for both male and female; but larger
decline was observed in case of females (AAPC: —2.21;95% Cl: — 2.29 to — 2.12; p<0.001) as compared to males
(AAPC: —1.63;95% Cl: — 1.71 to — 1.54; p <0.001). Similar pattern was observed for mortality where the declining
trend was sharper for females (AAPC: —4.35; 95% Cl: —5.12 to — 3.57; p<0.001) as compared to males (AAPC: — 3.88;
95% Cl: —4.63to —3.11; p<0.001). For age-specific rates, incidence and mortality rates of TB decreased for both male
and female across all ages during this period. The age effect showed that both incidence and mortality significantly
increased with advancing age; period effect showed that both incidence and mortality decreased with advancing
time period; cohort effect on TB incidence and mortality also decreased from earlier birth cohorts to more recent
birth cohorts.
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Elimination Programme (2020).

Conclusion: Mortality and Incidence of TB decreased across all age groups for both male and female over the period
1990-2019. The incidence as well as mortality was higher among males as compared to females. The net age effect
showed an unfavourable trend while the net period effect and cohort effect presented a favourable trend. Aging was
likely to drive a continued increase in the mortality of TB. Though the incidence and mortality of tuberculosis signifi-
cantly decreased from 1990 to 2019, the annual rate of reduction is not sufficient enough to achieve the aim of India’s
National Strategic plan 2017-2025. Approximately six decades since the launch of the National Tuberculosis Control
Programme, TB still remains a major public health problem in India. Government needs to strengthen four strategic
pillars “Detect-Treat—Prevent-Build" (DTPB) in order to achieve TB free India as envisaged in the National Tuberculosis
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Background

Tuberculosis (TB) is a chronic infectious disease and its
persistent morbidity and mortality burden remains one
of the major public health challenges in India [1]. It is
listed as one of the ten most important causes of death
from infectious disease in the world [2]. The global TB
report published by the World Health Organization
(WHO) indicated that in about 10 million people, fell
ill with tuberculosis in the year 2019 [3]. According to
WHO estimates, around 2.7 million people developed TB
in India and over 400,000 people died due to TB in the
year 2017 [4]. By WHO estimates, India accounts for 27%
of the global estimated 10 million cases and 25% of the
estimated 1.6 million deaths. The global burden of dis-
ease analysis estimated the number of incident cases to
be 3 million people in the year 2016 [5]. A study based on
data from the National family Health Survey (NFHS-4)
estimates that the self-reported incidence of TB in India
is 304/100,000 [6].

United Nation Sustainable Development Goals (SDGs)
and WHO’s End-TB strategy aims to end the global TB
epidemic with targets to reduce TB deaths by 95% and
to cut new cases by 90% by 2035 globally [7]. India’s
National Strategic plan 2017-2025 aims to achieve a TB
free India, 5 years ahead of the global elimination plan
[8]. India had launched a National Tuberculosis Pro-
gramme (NTP) in sixties following the epidemiological
assessment of the situation during 1955-1958 and has
already taken several critical steps to showcase itself as
a leader for a TB-free world [9]. Despite these impressive
commitments, due to less-than-optimal service delivery
and various challenges, it could not make much progress
in terms of achieving substantially high cure rates and
carries the by-far highest burden of TB and MDR-TB.

The actual prevalence of TB in India is likely to be
higher than the available prevalence rates. This may
be due to the stigma associated with TB and resulting
in underreporting. The other factor may be attributed
to undiagnosed TB [6]. A major limitation of cur-
rent estimates of Prevalence and Incidence of TB in

India is that India lacks a national TB prevalence sur-
vey [10]. Another limitation is incomplete notification
from India’s private health sector which uses enor-
mous quantities of anti-TB medications and therefore,
disease burden estimates based on TB notifications
data may be underestimated [5]. In order to accelerate
progress towards the goal of ending TB by 2025, India
needs to strengthen the public—private sector response
to TB. Thus, India needs to outline the incidence status
and trend of TB in India.

The HIV epidemics have a profound and prolonged
impact on TB in Asia and the Pacific [11]. HIV has been
identified as a risk factor for progression to active TB.
Evidence suggests a linear relationship between TB and
HIV/AIDS prevalence especially in Africa. Not only the
rapid rise in the prevalence of HIV has led to an increas-
ing burden of TB, but HIV also makes the diagnosis of
TB more difficult [12]. Although the prevalence of TB in
countries with widespread poverty, unemployment and
migration has remained stable, the TB incidence has con-
tinued to rise [13]. Research highlights the increase in the
caseload of tuberculosis due to HIV/AIDS in east Africa
and Southern Africa by five or more times Research-
ers opine differently on the role of HIV epidemic in the
TB situation in India, however, Miranda and colleagues
report that with an improvement in the access to ART,
the TB cases reduce [14]. They demonstrated an 80%
reduction in incident TB in HAART (Highly active
antiretroviral therapy) treated compared to ART-naive
HIV-infected person in Brazil. It is expected that after
the introduction of RNTCP (Revised National TB Con-
trol Program), TB incidence, prevalence and mortality
rates in India would have reduced by 5% per year if HIV
epidemic hadn’t occurred. William et al. suggested that
if HIV-infected TB patients receive ART and TB treat-
ment, RNTCP would result in reversing the increase in
TB burden due to HIV [15]. With the initiative of a single
window delivery of TB and HIV services and other joint
collaborative, the TB related fatalities have reduced by
82% with baseline of 2010 among PLHIV [16].
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Materials and methods

In the twenty-first century, the continuously changing
scenario and the dynamic nature of health-related chal-
lenges across the globe can be understood from the esti-
mates, trends and dynamics of several relevant measures
and indices as offered by the GBD study facilitated by
the Institute for Health Metrics and Evaluation (IHME).
The GBD study is considered to be one of the most com-
prehensive and reliable worldwide observational epide-
miological studies to date. Together with the data and
relevant tools, the study provides powerful resources and
evidences by quantifying and comparing progress in sev-
eral health-related dimensions both within and between
countries and regions, and thus the GBD study results
provide important insights to clinicians, researchers, and
policy makers that ultimately promote accountability,
assessment and improve lives worldwide.

The comprehensive methods and models supplemented
by useful and convenient tools, developed and perfected
by the IHME over the past 2 decades provide the most
precise estimates of the prevailing picture of the burden
of different diseases, injuries and risk factors across the
globe. These comparable estimates are considered widely
as the key indicators of disease burden quantification
and assessment, including the incidence and mortality
rate of TB. The present study utilized the data extracted
from the recent GBD study 2019 database to systemati-
cally summarize and analyse the Incidence and mortality
of TB among HIV negative individuals and its changes up
to 2019 for India.

Data source

The GBD 2019 precisely estimated and quantified each
epidemiological indices of interest for 204 countries and
territories that were grouped into 21 regions and seven
super-regions [17]. The estimates are available for inci-
dence, prevalence, mortality, years lived with disability
(YLDs, years of life lost (YLLs, and disability-adjusted
life-years (DALYs, for 23 age groups; males, females, and
both sexes combined. The database utilized a total of
77 different relevant data sources in order to model the
cause of death estimates for tuberculosis in India. The
causes of death studies by verbal autopsy (VA, Medi-
cal certification of cause of deaths of the country and its
states, vital statistics, other surveys on cause of death and
published scientific articles are among the key sources of
data to model the cause of death due to Tuberculosis in
India [17].

The conventional Cause of Death Ensemble model
(CODEm) and spatiotemporal Gaussian process regres-
sion were utilized to quantify Cause-specific death
rates and cause fractions. The detailed description of
CODEm was reported in numerous related studies in
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recent years [18-21]. In order to ensure consistency
between incidence, prevalence, remission, excess mor-
tality, and cause-specific mortality for most causes, a
Bayesian meta-regression modelling tool, DisMod-MR
2.1 was used. The subsequent Uncertainty intervals (Uls)
were reported for every metric using the 25th and 975th
ordered 1000 draw values of the posterior distribution.

The case definition includes all forms of TB, includ-
ing pulmonary TB and extrapulmonary TB, which are
bacteriologically confirmed or clinically diagnosed. In
this study we considered TB with corresponding ICD
10 codes: A10-A19.9, B90-B90.9, K67.3, K93.0, M49.0
and P37.0. Data sources for the incidence rate and Death
of TB was extracted from the publicly available online
GHDx (Global Health Data Exchange) query tool pro-
duced by the IHME (http://ghdx.healthdata.org/gbd-
results-tool) [22]. Finally, the Percentage change and
annualized rates of change of the estimates for the above-
mentioned indices were reported.

Join point regression analysis

Joinpoint regression analysis was used to determine the
magnitude of time trends in incidence and mortality rates
of Tuberculosis by calculating the average annual percent
change (AAPC) and its 95% confidence interval (CI) [23].
AAPC was calculated from the various annual percent
change (APC) values obtained from the regression analy-
sis by taking the geometrically weighted average of APC’s
[24]. The average APC (AAPC) was estimated by using
the best model considering maximum 5 joinpoint i.e.,
6 segments for the full range of our study periods. This
analysis was performed using ‘Joinpoint’ software (Join-
point Regression Program, version 4.8.0.1, NCI) provided
by the US National Cancer Institute.

Age-period-cohort analysis

Previous research shows that the incidence and mortal-
ity of tuberculosis have altered over time all around the
world, including in India [25]. However, none of these
studies took into account the adjustment of age, therefore
the impact of shifting demography is unknown. Further-
more, no extensive investigation of the underlying causes
of the temporal trends has been conducted. In demogra-
phy and epidemiology, the Age—Period—Cohort model
is a useful technique for identifying secular changes in
disease incidence and mortality rates [26]. Age—period—
cohort analysis is an extensively used statistical technique
when individual or population are followed over time to
explore age, period and cohort effect from the observed
age specific tuberculosis incidence and mortality rates.
We aimed to investigate the long-term trends of Tuber-
culosis incidence and mortality in India between 1990
and 2019, examining age, period, and cohort-specific
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effects by sex with the aid of the Age—Period—Cohort
framework, using data from the GBD 2019. The intrin-
sic estimator approach was utilised to conduct the Age—
Period—Cohort analyses to solve the problem of model
parameter identification (perfect collinearity of the age,
period, and cohort variables) [27]. The Age—Period—
Cohort Web Tool was used to obtain estimable param-
eters. The age effect represents the rates of disease in
terms of different age groups. The period effect indicates
the changes in outcome over time that affect all ages
simultaneously. The Cohort effect reflects the changes
in outcome across group of individuals born in the same
year or years [27-30]. Holford has proposed that if age,
period, and cohort trends are orthogonally decomposed
into their linear and nonlinear parts, many useful func-
tions can be estimated [31-33].

The model expression of Age—period—cohort is gener-
ally written as

Y = log(M) = u + aage; + PBperiod; + ycohort; + ¢

where M stands for the incidence of the corresponding
age group, p stands for the intercept item, «, B, and y
stand for the corresponding age, period and cohort effect,
and "¢" is the random error. It has age; = period; — cohort,
[34]

To estimate the parameters and functions Age—period—
cohort Web Tool use the statistical method of weighted
least square and the assumption that the count data fol-
low a Poisson distribution allowing for extra-Poisson
variation.

In the present study, we focussed on a number of
estimable functions that we have discussed in this sec-
tion [35]. The longitudinal Age Curve indicates the fit-
ted longitudinal age-specific rates in reference to cohort
adjusted for period deviations [36]. The period (or
cohort) RR indicates the ratio of the age-specific rate in
each period (or cohort) relative to the reference period
(or cohort) [35]. Further local drift and net drift are two
other important parameters in the Age—period—cohort
model. The local drift (or local net) indicates the (overall)
log linear trend by calendar period and birth cohort for
each age group and is analogous to the (overall) annual
percentage change [37]. Wald Chi-Square tests were
adopted to test the significance of the estimable param-
eters and functions, and p-values less than 0.05 were con-
sidered for statistical significance [38].

We obtained the estimable parameters by the Age-
period—cohort Web Tool [35] (Biostatistics Branch,
National Cancer Institute, Bethesda, MD, USA). Cor-
respondence to the requirement of the Age-Period—
Cohort Web Tool the incidence (or mortality) and
population data of tuberculosis were arranged into con-
secutive 5-year periods from 1990 to 2019 (1990-94,

Page 4 of 14

1995-99, ..., 2010-14, 2015-19) and successively inci-
dence and mortality data into 18 five year age groups
(5-9, 10-14, ..., 85-89, 90-94), spanning 23 partially
overlapping 5-year birth cohorts (1900-04, 1905-09, ...,
2010-14). Furthermore, the central period, and central
birth cohort were defined as the references in all analy-
ses. The central period and birth cohort has been chosen
depending on two major reasons. Firstly, the National
TB Programme (NTP) was launched in the early sixties
(1962) by the Government of India. Secondly, DOTS was
officially launched as the RNTCP strategy in 1997, and
by the end of 2005 the entire country was covered under
the programme. These are the reasons for choosing mid
cohort (1955-59) as a reference cohort and mid period
(2000-04) as a reference period for seeing the before and
after effect of these programmes.

Results

Descriptive analysis of incidence and mortality trends

of tuberculosis

Trends in the age-standardized incidence rate (ASIR) and
age-standardized mortality rate (ASMR) in male, female
and both sexes at all ages for tuberculosis from 1990 to
2019 are depicted in Fig. 1a, b respectively. For all years
both age-standardized Incidence and mortality rate of
TB was higher among males as compared to females.
The age-standardized incidence rates for both sexes of
tuberculosis decreased from 1990 to 1996, increased
in the period 1997—1999 and then again continuously
decreased till 2018. Age-standardized mortality rates
experienced a slight increase and decrease over the years
for male and female. Overall, the mortality rate due to
tuberculosis largely decreased in 2019 (36.11 deaths per
100,000) as in for 1990 (121.72 deaths per 100,000).

Trends in age standardized incidence and mortality rate

for male, female and both sexes

Figure 2 and Additional file 1: Table 1 shows APC and
AAPC of TB incidence and mortality in India from
1990 to 2019 for male, females and both sexes com-
bined. The age standardized TB incidence rate in India
between 1990 and 2019 ranged from 390.22 to 223.01
per 100,000 population. The regression model showed a
significant decreasing pattern in incidence rate in India
between 1990 and 2019 for both male and female; but
larger decline is observed in case of females (AAPC:
—2.21; 95% CI: —2.29 to —2.12; p<0.001) as com-
pared to males (AAPC: —1.63; 95% CI: — 1.71 to — 1.54;
p<0.001). The overall incidence rate for both sexes
combined has decreased significantly over the period
(AAPC: —1.90; 95% CI: —1.97 to —1.83; p<0.001).
Similarly, the mortality rate due to tuberculosis has
largely declined in 2019 (36.11 deaths per 100,000) as
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compared to 1990 (121.72 deaths per 100,000). The
regression analysis also showed decreasing trend in
the age standardized mortality rates for period 1990
to 2019 (AAPC: —4.11; 95% CI: —5.03 to —3.18;
p<0.001); however the declining trend was sharper
for female (AAPC: —4.35; 95% CI. —5.12 to —3.57;
p<0.001) as compared to male (AAPC: — 3.88; 95% CI:
—4.63 to —3.11; p<0.001).

Trends in age-specific incidence and mortality rates using
joinpoint regression analysis

Table 1 depicts the average annual percent change
(AAPC) in tuberculosis incidence and mortality for both
male as well as female in India from 1990 to 2019. For
age-specific rates, incidence and mortality rates of TB
decreased for both male and female across all ages dur-
ing the period. Sharper decline was observed in the ini-
tial age groups and older age groups for both male and
female in the age specific incidence and mortality.

The age, period, cohort effects of incidence and mortality
rate from tuberculosis

The existence of a period effect on the incidence rate of
tuberculosis (A, B) and mortality rate (C, D) for male and
female from 1990 to 2019 are depicted in Fig. 3. In case of
tuberculosis incidence, period effect did not show much
variation up to age 14 year for both male and female.
Incidence rate (Fig. 3a, b) of TB was higher among male
than female in all ages. Lower incidence rate of TB was
observed in later period (2015-19) than earlier period
(1990-94) for both male and female. Overall, the inci-
dence of TB increased with age group from 10-14 to
65—69 and slightly decreased from ages 65-69 to 75-79
and again increased with high pace after the age group
75-79 for male. However, female incidence also increased
but with a slower pace after the age 75-79 year. In case
of mortality rate of TB (Fig. 3c, d) period effect did not
reflect clear variability up to age 25-29 year for male
and 45-49 year for female. Mortality rate were higher
among male than female in all ages. It was also evident
that within the same period older males and females had
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higher mortality. In a particular period, mortality rate of
TB increased with high pace for male in all ages while
with a slower pace among female.

Figure 4a—d suggested the existence of a cohort effect
of incidence and mortality of tuberculosis in India

1990-2019. Earlier birth cohort (1990-94) had higher
incidence and mortality rate than later birth cohort
(2010-14) and within the same age group incidence and
mortality decreased from older cohort to newer cohort
for male and female both. Within a particular age, newer
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Table 1 Average Annual Percent Change (AAPC) of tuberculosis incidence and mortality by age and gender from 1990 to 2019 using

Joinpoint Regression Analysis

Age-group (year) Incidence (95% Cl) Mortality (95% Cl)
Male Female Male Female
5-9 —4.16 (—4.28, —4.04) —4.77 (—4.99, —4.55) —6.85(—867,—501) —834(=9.52,—-7.13)
10-14 — 256 (=287, —2.25) —3.53(—3.65,—3.40) —522(—6.13,—4.31) —6.11(— ,—3.22)
15-19 —137(—159,—1.15) —254(—272 —237) —468(—7.75 —1.51) —561(—7.13, —406)
20-24 —1.57 (=169, —145) —2.78(— ,—2.65) —3.98(—547,—246) —545(—7.01,—3.86)
25-29 —1.13(—1.30,—095) —2.50(—2.68,—231) —331(—4.09,—253) —482(—6.23,—3.39)
30-34 —1.02(=1.17,—-0.86) —2.10(—=2.26,—1.93) —3.30(—4.39, —2.20) —4.47 (—5.56, —3.37)
35-39 —1.03(=1.19,—-0.87) —163(—174,—151) —3.07(—3.85 —228) —4.08(—4.78,—3.37)
40-44 3(—=1.23,—-1.03) (— 146, —1.29) —344(—3.74,—3.13) —3.92(=5.16,—266)
45-49 ( 1.55,—1.27) 29 (— —082) —3.58 (—4.59, — 2.56) —4.13(—4.85,—341)
50-54 5(—=173,—-138) —1 44( —1 07) —3.78(—4.74,—2381) —3.61(—4.56, —2.66)
55-59 —1.53 ( 1.63, —1.43) —1.70 (— 1.89, —1.51) —345(—4.51,—-238) —4.03 (—5.06, —2.99)
60-64 —180(—1.89,—1.72) —1.90(—207,—1.73) —4.09 (—4.85, —3.33) —4.31(—4.95, —3.65)
65-69 —2.37(=249,—-225) —241 (=263, —219) —4.10(=5.26,—293) —440 (—5.82, —2.96)
70-74 —249(—257,—241) —2.56 (—2.85,—227) —3.96 (—4.85,—3.05) —4.38(—5.53,—-321)
75-79 —235(—255,—2.16) —241 (=274, —2.09) —3.93(=4.79,—-3.05) —453(-591,-3.13)
80-84 —229(=247,—-2.11) —240(—2.73,—2.08) —3.74(=4.76,—2.71) —426(—5.73,—277)
85-89 —234(—266,—201) —236(—263,—2.10) —4.20(—5.38,—3.00) —4.74 (—6.54, — 2.89)
90-94 —2.34(—263,—204) —2.34(—=262,—207) —498(—632,—3.62) —4.65 (—5.65, —3.63)
AAPC, average annual percent change; Cl, confidence interval; ASR, age standardised rates
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Fig. 3 Age-specific tuberculosis incidence and mortality for India in 1990-2019
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Fig. 4 Cohort-based variation in age-specific Tuberculosis incidence and mortality for India in 1990-2019

birth cohort had lower incidence and mortality among
both male and female. For instance, among males in the
age group 90-94 years incidence was found to be higher
for the birth cohort (1900-04) with reference to the birth
cohort (1925-29). It was also clearly depicted from the
figure that males had approximately double incidence
and mortality of tuberculosis in the older birth cohorts.

The longitudinal age curves of tuberculosis incidence
and mortality by sex are depicted in Fig. 5a, b respec-
tively. In the same birth cohort, incidence rate of tuber-
culosis substantially increased in the ages 5-9 to 20-24
and after that it decreased in all remaining age groups for
female.

In the context of incidence, a very uneven pattern was
observed among males. In early ages (before 30—34 years)
tuberculosis incidence was higher among females within
the same birth cohort. Thus, females were at a better
position in the context of Tuberculosis incidence. In the
same birth cohort mortality rate of tuberculosis increased
for all ages except in the age 5-9 years and started declin-
ing from age 80-84 years for both sexes. Within the
same birth cohort males had higher risk of tuberculosis

mortality which was approximately similar in all birth
cohorts except the earlier cohort for instance before age
25-29 years. In both the sexes tuberculosis mortality was
highest for the age 80- 84 years.

The period effect RR of tuberculosis incidence and
mortality for both sexes are depicted in Table 2. Through
the years 1990-2019 of observation, the RR of tubercu-
losis Incidence and mortality decreased for both sexes.
With respect to the reference category (2000-04) mor-
tality due to tuberculosis among female decreased by
53 percent which was higher than male (49 percent) in
(2015-2019).

The cohort effect RR of tuberculosis incidence and
mortality for both sexes are depicted in Table 3. Among
all 23 cohort’s mid cohort 1955-59 was taken as a ref-
erence cohort. The incidence and mortality risk con-
tinuously decreased from 1900-04 to 2010-14 birth
cohort which show the presence of cohort effect. High-
est percentage decrement in incidence and mortality was
observed among females.

Figure 6a, b show the net drifts and local drifts for
Tuberculosis incidence and mortality in India among
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Table 2 Period RRs of tuberculosis incidence and mortality
rate adjusted for age and birth cohort effects compared to the
reference period (2000-04) and the corresponding 95% Cl

Period Incidence Mortality
Male Female Male Female
1990-94 1.04 (1.02-1.07) 1.16 (1.13-1.19) 1.37 (1.33-1.41) 1.56
(1.49-1.63)
1995-99  1.00 (0.98-1.03) 1.06 (1.03-1.09) 1.20 (1.16-1.24) 1.26
(121-132)
2000-04 1.0(1.0-1.0) 1.00.0-1.00 1.00.0-100 1.0(1.0-1.0)
2005-09 0.90 (0.88-0.92) 0.86 (0.84-0.88) 0.78 (0.75-0.80) 0.72
(0.69-0.75)
2010-14 0.77 (0.75-0.78) 0.75 (0.73-0.77) 0.63 (0.61-0.66) 0.56
(0.53-0.59)
2015-19 0.67 (0.65-0.69) 0.68 (0.66-0.70) 0.51 (0.49-0.53) 0.47 (0.45-0.5)

both sexes from 1990 to 2019 respectively. The net
drift values are an overall estimated annual percentage
change, and local drift values are an estimated annual
percentage change values for each age group. From 1990
through 2019, we found that the net drifts for tubercu-
losis incidence per year were —1.77% (95% Confidence

Interval, — 1.87% to — 1.66%) for male and —2.16% (95%
Confidence Interval, —2.30% to —2.03%) for female.
The net drifts for tuberculosis mortality per year were
—3.96% (95% Confidence Interval, —4.09% to — 3.83%)
for male and —4.83% (95% Confidence Interval, —5.00%
to —4.67%) for female. The local drift value was found
to be below 0 in all age groups in both sexes which was
lowest in age 5-9 and highest in age 40-44. The local
drift values increased with higher age groups and started
declining after 40-44 age. In addition, the results of
Wald test demonstrated that for incidence and mortality,
cohort and period RRs and the net drifts and local drifts
were statistically significant at p<0.05 (Additional file 1:
Table 2).

Discussion

This study utilizes the GBD database to analyze the
incidence and prevalence of Tuberculosis in the period
1990-2019 in India. The analysis showed that there has
been a decline in the age standardized incidence rate in
the period 1990-2019 among both sexes. However, mor-
tality rates experienced a zig-zag pattern when stand-
ardized for age among males and females. The overall
mortality rate declined from 122 deaths per 100,000 to



Dhamnetiya et al. BMC Pulmonary Medicine (2021) 21:375

Table 3 Cohort RRs of tuberculosis incidence and mortality rate
adjusted for age and period effects compared to the referent
cohort (1955-59) and the corresponding 95% Cl

Cohort  Incidence Mortality
Male Female Male Female
1900-04 357 (1.71-7.42) 3.59(1.23-10.5) 11.8(7.60-186) 156
(7.64-32.1)
1905-09  3.17(2.38-4.23) 3.18 (2.13-4.74) 8.78(7.31-10.5) 12.0
(9.28-15.6)
1910-14  2.81(2.38-3.31) 2.82(2.28-3.50) 6.85 (6.13-7.64) 9.18
(7.91-10.6)
1915-19  248(2.21-2.79) 2.51 (2.16-2.91) 550 (5.06-5.98) 7.24
(6.45-8.12)
1920-24  2.19(2.01-2.39) 2.23 (2.01-248) 4.44 (4.15-4.75) 5.60
(5.07-6.18)
1925-29  1.92(1.80-2.05) 1.95(1.80-2.12) 3.55(3.35-3.77) 4.21
(3.85-4.61)
1930-34  1.67 (1.59-1.76) 1.69 (1.58-1.81) 2.88 (2.73-3.03) 3.18
(2.93-3.45)
1935-39  1.46(1.39-1.52) 147 (139-1.56) 233 (2.21-2.44) 247
(2.29-2.67)
1940-44  1.28(1.23-1.34) 1.30(1.23-1.38) 1.83(1.74-1.91) 1.95
(1.81-2.10)
1945-49  1.15(1.11-12) 1.17(1.11-1.23) 151 (1.44-1.58) 1.59
(1.48-1.71)
1950-54  1.06(1.02-1.09) 1.06 (1.01-1.11) 1.17(1.12-1.22) 1.23
(1.15-1.32)
1955-59 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0(1.0-1.00 1.0(1.0-1.0)
1960-64  0.94 (0.91-0.97) 0.94 (0.90-0.98) 0.86 (0.82-0.90) 0.81
(0.75-0.87)
1965-69  0.90 (0.87-0.93) 0.90 (0.86-0.94) 0.74 (0.70-0.78) 0.69
(0.64-0.74)
1970-74  0.87(0.84-0.90) 0.85 (0.81-0.89) 0.64 (0.61-0.68) 0.54
(0.50-0.59)
1975-79  0.82(0.79-0.85) 0.77 (0.74-0.81) 0.54 (0.51-0.58) 043
(0.39-047)
1980-84  0.76 (0.73-0.79) 0.69 (0.66-0.72) 043 (0.40-0.46) 0.32
(0.29-0.35)
1985-89  0.71(0.68-0.74) 0.60 (0.57-0.63) 0.36 (0.33-0.39) 0.25
(0.22-0.28)
1990-94  0.65 (0.62-0.68) 0.49 (0.47-0.52) 0.28 (0.25-0.31) 0.18
(0.16-0.21)
1995-99  0.57 (0.54-0.60) 0.39 (0.37-042) 0.21(0.18-0.24) 0.12
(0.10-0.14)
2000-04  0.53(0.50-0.57) 0.33(0.31-0.35) 0.15(0.12-0.19) 0.08
(0.07-0.10)
2005-09  0.38(0.34-0.43) 0.22(0.20-0.25) 0.10 (0.07-0.14) 0.05
(0.04-0.07)
2010-14  0.27 (0.22-0.33) 0.15(0.13-0.18) 0.06 (0.03-0.10) 0.02
(0.01-0.04)

36 per 100,000 in the period 1990-2019. The long-term
trends in incidence of tuberculosis were analyzed using
Joinpoint regression. The regression analysis also showed
a decreasing trend in the age standardized mortality rates
for the period 1990-2014 and the AAPC was found to be
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—4.1. The results obtained from the Age—Period—Cohort
analysis showed that the incidence and mortality due to
tuberculosis in India decreased with the recent cohort.
Studies have found that the trend of tuberculosis is
related to age and period [39].

The results from the Age—Period—Cohort model as
obtained in India have a similar trend as that of China. A
study which utilized the Age—Period—Cohort -model to
distinguish age, period and cohort effect in China, India
and the United States found that period effect showed a
decline in the incidence of tuberculosis in all of the three
countries [40]. Further, it found an increase in the inci-
dence of tuberculosis in most of the age-group. The appli-
cation of Age—Period—Cohort modelling in the study of
tuberculosis incidence has been described by Wu and
Colleagues [41].

Age effect: The rates of disease at different ages are
presented by the age effect. It is known that the human
age is associated with the disease. Study findings shows
that in India incidence and mortality were higher in the
older age groups. It is also found that in most of the ages
(except some younger ages in case of incidence) females
were having lower value of incidence and mortality per
100,000 population. The higher prevalence of tuber-
culosis among older population is attributed to poor
nutrition and socio-economic status [42, 43]. Age stand-
ardized incidence and mortality rates of tuberculosis was
found to be higher among males as compared to females
at all ages. With the increase in the age, the incidence
rate increased. This is attributed to the population age-
ing higher in older age group. With the increase in the
age, people are at higher risk of developing disease such
as diabetes [44] and indoor air pollution [45]. Vulnerable
population are more prone to developing tuberculosis. A
study by Varun has estimated that the reported annual
TB incidence in India will decrease slightly [45]. Cui et al.
have reported that the age effect of the 35-60 years age
group continued to increase and decreased slightly in
the 60-70 age group [40]. Further, it was found that the
rapid rise of age RRs in India is attributable to alcohol
consumption in the age group 35-60. The risk factor for
tuberculosis is alcohol consumption, and its related prob-
lems [46]. Alcohol consumption is stated to be a signifi-
cant risk factor of tuberculosis in various countries. With
the upcoming ageing in the country, India will be facing
challenges in the prevention and control of tuberculosis.
The weak immune system, malnutrition and other physi-
ological changes will increase the risk of tuberculosis in
the older population and thus the TB burden among the
senior citizens will be higher than the other age groups.

Period effect: Period effect was not found of much
significance up to the age of 14 years for both sexes in
case of incidence of tuberculosis. From the available
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information, it was evident that the period RRs of inci-
dence had a downward trend in India in the period 1990—
2019. The factors associated with the decline in the RRs
might be due to improved living conditions, increased
accessibility and availability of good health facilities and
increasing awareness towards sanitation and hygiene
practices. Coupled with the improvement in India’s pub-
lic health facility and strategic programs aimed at elimi-
nating tuberculosis is the reason behind declining RRs
in India. Earlier period (1990-94) had higher incidence
rates of tuberculosis than in the later period 2015-19.
This was the same for both male and females. Cui et.
al. in his study reports that the period RRs in India has
declined from 1992 to 2017 [40]. At some period, the

incidence of TB showed an increasing pattern with a
substantially faster pace after the 75-79 years for males.
However, for females the increase in incidence was not
much pronounced after the age 75-79. As far as mortal-
ity is concerned, period effect was not much visible up to
the age 25-29 for males and 45—49 for females. Mortality
rates were higher for males than females for all ages. The
introduction of the 1993 policy to control the TB in India
has been proved successful in the improved treatment of
TB which is estimated to avoid 200,000 deaths [47]. The
TB control program has been quite effective in reducing
the incidence of tuberculosis and further preventing its
speed.
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Cohort effect: Study highlights the existence of a
cohort effect in the incidence and mortality due to
tuberculosis in India in the period 1990-2019. Differ-
ences in the cohort RRs in the birth cohort usually apply
to the balance between new infections and compro-
mised immune responses to previous infections [48].
The cohort effect on the incidence of tuberculosis was
found to be higher among 1990-94 birth cohorts than
in the later birth cohorts 2010-14. Similarly, the cohort
effect on the mortality due to tuberculosis in the period
1994-2014 showed a declining trend in India. In the
same age group, the tuberculosis incidence and mortal-
ity decreased from older cohorts to newer birth cohorts
for both males and females. Analysis from a long-term
trend study in incidence of tuberculosis has also found a
declining trend in the incidence from 1908 to 1962 and
from 1987-1997 [40]. TB in India is mainly considered to
have originated from poverty. Unavailability and inacces-
sibility to food will lead to malnutrition in the majority of
Indians [49]. Increasing population and rapid urbaniza-
tion would result in TB risk factors in the country [50].
The most prevalent risk factors for tuberculosis in India
are AIDS, smoking and drinking and diabetes [51]. Study
outlines that male have approximately double the inci-
dence and mortality of tuberculosis in the older birth
cohorts. The decline in the cohort RRs signifies the effec-
tive measures taken to reduce the burden of tuberculosis
in the country.

The longitudinal age curve of tuberculosis showed
that incidence rate of tuberculosis among females had
a substantial increase in the age 5 to 24 years and then
decreased thereafter in all ages in the same birth cohorts.
Mortality due to tuberculosis was found to be highest
among population aged 80-84 years. While consider-
ing the period effect, the relative risk of tuberculosis
incidence and mortality decreased for both sexes in the
period 1990-2019. Considering period 2000- 04 as ref-
erent, mortality due to tuberculosis decreased by 53
percent and 49 percent among females and males respec-
tively in the period 2015-19. Cohort RRs showed that the
incidence and mortality of tuberculosis decreased from
1900-2004 to 201014 for males and females. This decre-
ment was higher for females. Overall, the annual net drift
for tuberculosis incidence was — 1.77 for male and —2.16
for females. Similarly, for mortality due to tuberculosis
the net drift values were —3.96 for males and —4.83 for
females. The local drift values initially increased with
higher age groups and then followed a decreasing pattern
after 40—44 age group.

Recognizing that TB largely depends on the social and
economic determinates of health, the change in over-
all trend of the tuberculosis in India is mainly driven by
trends in demography, epidemiology or socio-economic
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factors. Areas of socio-economic deprivation are pre-
sent throughout the country. India TB report estimates
that the majority of TB burden is among the working
age-group [16]. Uttar Pradesh is the largest contributor
of TB cases in the country; however, the highest notifi-
cation comes from Delhi and Chandigarh [16]. Look-
ing at the epidemiological transition in the country,
the disease burden and the risk factors trends for each
state of the country vary. Likewise, the social develop-
ment status of the status in India also varies. Moreover,
wider determinants of health, housing quality and avail-
ability, differences in health seeking behaviour and access
to good quality education also have a great effect on
the determining the health status of an individual. The
noticeable change in the government health policies,
introduction of RNTCP, improved sanitation and hygiene
level and administrative and political commitments are
responsible for reducing the mortality of tuberculosis in
the country. Significant gains were made over the last
National Strategic Plan (NSP 2012-17). Financial incen-
tives, strengthened health systems, contact investigating,
address to poverty, malnutrition aimed at eliminating TB
in India are the possible reasons for the observed period
and cohort effects.

Our study has several limitations. First, Although the
GBD study incorporates methods to adjust for incom-
plete or missing data and quality of the data, there may
still be the possibility of some inaccuracy in the mortal-
ity data. Second, we have performed Age-Period—Cohort
analysis in periods of multiples of five years as GBD
provides data in five-year intervals that may lead to the
smoothening of certain subtle variations in age, period
and cohort effects. Third, being an ecological study, the
interpretations derived here are true at population levels
but do not necessarily hold for individuals.

Conclusions

This study shows that overall incidence and mortality of
tuberculosis in all ages has decreased in the last three
decades in India. The incidence as well as mortality was
higher among males as compared to females during study
period. In India age standardized incidence and mortal-
ity rates of tuberculosis significantly decreased from 1990
to 2019. The incidence and mortality rates of tuberculo-
sis increased with advancing age whereas it decreased
with advancing period and earlier to later birth cohort for
both male and female.

Though the incidence and mortality of tuberculo-
sis significantly decreased from 1990 to 2019, but the
annual rate of reduction is not sufficient enough to
achieve the aim of India’s National Strategic plan 2017-
2025. Approximately six decades since the launch of
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the National Tuberculosis Control Programme, TB still
remains a major public health problem in India. Govern-
ment needs to strengthen four strategic pillars “Detect—
Treat—Prevent—Build” (DTPB) to achieve TB free India.
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