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Abstract

Background India’s large youth population presents a significant opportunity to harness the demographic dividend.
The disease burden in adolescents could be a hindrance for the future economy if not appropriately addressed.

Methods We utilised the data on the number of adolescent deaths and attributable years lived with disability
(morbidity) in every state of India as part of the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021.
We estimated the economic impact as the cost of lost output due to premature adolescent deaths and morbidity

for every state of India in 2021, using an output-based method. The cost of lost output is reported in US Dollars (USD)
and as a percentage of Gross Domestic Product (GDP) for all diseases/conditions together, and separately for commu-
nicable diseases (CDs), non-communicable diseases (NCDs), and injuries.

Results The lost output from premature deaths and morbidity attributable to adolescents was USD 9.87 (95% Cl
9.04-10.71) and USD 28.13 (95% Cl 20.53-37.71) billion respectively, in India in 2021. The total economic loss of USD
38.01 billion (95% Cl 29.57-48.41) was 1.30% (1.01-1.65) of India’s GDP. The total economic loss as a percentage

of the state’s GDP varied 3.42 times between the states in 2021, ranging from 2.43% in Bihar to 0.71% in Sikkim. The
total economic loss due to CDs, NCDs, and injuries was estimated at 0.45%, 0.69% and 0.16% of India’'s GDP in 2021,
with significant variations across the states.

Conclusions Strengthening the Indian Adolescent Health Strategy to address the diseases/ conditions contributing
most to the total economic loss is needed to facilitate substantial avoidance of the high economic losses attributable
to adolescent premature deaths and morbidity in India.
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Background

Adolescents (10—19 years) make up 16.4% of the world’s
population [1]. Adolescent health is increasingly receiv-
ing attention worldwide [2-9]. A recent World Health
Organization (WHO) report has estimated the cost of
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cost of inaction at country-level, and costs are estimated
for select areas including health (adolescent health ser-
vices, HPV vaccination, tuberculosis prevention and
treatment and treatment of myopia); education and train-
ing; child marriage; and road traffic injuries [10].

With adolescents estimated at 266.5 million, constitut-
ing about one-fifth of India’s population in 2021 [1], the
economic costs of premature deaths and illness among
adolescents in India are likely to be significant. The India
Adolescent Health Strategy (IAHS) was launched in 2014
and envisages that all adolescents in India are able to real-
ise their full potential by making informed and responsi-
ble decisions related to their health and well-being and by
accessing the services and support they need to do so [11,
12]. We have recently reported on the gaps in the IAHS
thematic areas in comparison to the disease burden for
fatal and non-fatal diseases and conditions among ado-
lescents in India across injuries, communicable diseases
(CDs), and non-communicable diseases (NCDs), which
can pose substantial limitations for improving adolescent
health in India [13]. Because investing in adolescents and
their well-being strengthens the human capital of a coun-
try, and in turn a country’s potential for further develop-
ment and for creating more inclusive societies [10], we
report on the economic loss attributable due to prema-
ture deaths and morbidity among adolescents in India
and its states. The aim of this analysis is to provide an evi-
dence base in terms of economic resources lost by CDs,
NCDs, and injuries for policymakers, program planners,
researchers, funders, and civil society organisations to
invest in further improvements in adolescent wellbeing.

Methods

The analysis of the economic impact of adolescent-
related premature deaths and morbidity for India and its
states in 2021 was undertaken using data from the Global
Burden of Diseases, Injuries and Risk Factors Study
(GBD) 2021 accessed from the Institute of Health Met-
rics and Evaluation’s Global Health Data Exchange [14].
We report the absolute number of deaths and years lived
with disability (YLDs; morbidity) disaggregated by com-
municable diseases (CDs), non-communicable diseases
(NCDs), and injuries for both sexes combined for India
and its states in 2021 as a background to the economic
cost calculations as estimated by the GBD study [14]. A
comprehensive description of the GBD methods for esti-
mating deaths, YLDs, statistical modelling for the cause
of deaths and data sources used in GBD Study 2021 is
reported elsewhere [15-17].

We used an output-based approach to estimate the
economic cost of lost output from premature deaths and
morbidity among adolescents in India and each state of
India using the previously published method to estimate
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the economic cost of air pollution in India [18]. The
output-based approach is used to estimate the indirect
economic costs, which equates the economic cost of pre-
mature mortality to the present value of lost income and
values morbidity by lost output [18-20]. The methods
relevant for this paper are summarised. The economic
cost of premature death was estimated as the present
discounted value of output lost for a person in the age
group 10-19 years who died in India in 2021 and the out-
put lost when a person had morbidity during the adoles-
cent age. Both of these require estimation of output per
worker [18]. The output per worker in India in 2021 was
calculated as the labour share of Gross Domestic Prod-
uct (GDP) multiplied by the average GDP of 2020-2021
and 2021-2022 [21], divided by the number of people
who were employed. The labour share of GDP for India
for the year 20202021 was taken from the India-Capital,
Labour, Energy, Materials and Services (KLEMS) 2023
database, which is published by the Reserve Bank of India
[22]. This labour share of GDP available through KLEMS
includes adjustments for labour force based on employ-
ment and earnings across five educational categories and
27 industry types, thereby capturing heterogeneity in the
employment patterns [22]. It was assumed that labour’s
share of GDP was the same for all states and that it
remained constant over time at its current value.

We assumed the workers of all ages to produce the
same output per worker. Because not all people of a given
age work, we adjusted the output per worker by the frac-
tion of people in each age group who work, which is the
worker-to-population ratio (WPR). We calculated WPR
for each age group using individual-level data from the
National Sample Survey Office-Periodic Labour Force
Survey (NSSO-PLES) 2021-2022 [23]. To predict the
output in future years, output per worker was assumed
to grow at the historical rate of growth of output per
worker, estimated using data from the KLEMS 2023 data-
base [22]. For people not working, the expected output
per worker in each year was assumed to be equal to 53.1%
of market output to allow for non-market production
[24, 25]. The value of non-market output was calculated
as the product of the average time spent on household
unpaid activities, the average wage rate and the num-
ber of persons [26]. The estimates on average time spent
on household activities per person per day were taken
from the Time Use Survey Report 2019 [24], the aver-
age wage was calculated using estimates on earnings of
the salaried, self-employed and casual labour available in
the NSSO-PLFS 2018-2019 [25], and the estimated India
population from GBD study 2021 [14].

To quantify the output losses in future years if a per-
son of a given age between 10 and 19 years dies in the
current year requires estimating the present discounted
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value of their future output. An individual’s output at
each age is the product of output per worker and the
probability that a person is working at each age, meas-
ured as the ratio of the working population to the total
population at that age. This estimate of lost output must
be adjusted to reflect the probability a person survives
to each future age. The life table for India and the states
was constructed using GBD 2021 data and survival prob-
abilities were computed. Expected future output at each
age was discounted to the present at a rate of interest of
6.5%, taken to be the yield on 10-year Indian Govern-
ment bonds in December 2021 [27]. The total output lost
due to premature deaths among adolescents was esti-
mated as the present discounted value of lost market and
non-market output for a person who dies in 2021 at each
age between 10 and 19 years multiplied by the number
of deaths among adolescents in 2021 for that age, with
the result summed over all these ages. The present value
of lost output per adolescent over the remainder of their
working life is a conservative estimate of the loss in out-
put that is a consequence of premature death. The details
of economic loss estimation are described in Additional
file 1: S1 [14, 21-23, 27, 28]. It was assumed that India
and state-specific life tables remained constant over the
period of the analysis.

The total economic losses in monetary terms (US Dol-
lars) and as a percentage of GDP for adolescent deaths
and morbidity (YLDs) irrespective of disease/condi-
tion and for CDs, NCDs, and injuries are reported for
India and 30 geographical units in India in 2021. We
also report on the distribution of economic loss due to
major diseases/conditions under CDs, NCDs and inju-
ries. A sensitivity analysis was undertaken on the overall
economic loss by varying the discounting of the expected
future output at each age to the present at a rate of inter-
est ranging between 3% and 9%. For the estimation of
economic loss, labour share of GDP, discount rate which
is used to estimate the present value of future earn-
ings, and the rate of growth in output per worker were
assumed to be the same for all the states. We report all
the estimates with 95% confidence intervals (CIs) where
relevant. For the 95% Cls calculation for total economic
loss estimates, Cls of disease burden measures from GBD
2021 were considered, which was based on 1000 runs of
the models for each quantity of measures, with the mean
regarded as the point estimate and the 2.5th and 97.5th
percentiles considered as the 95% Cls.

The 30 geographical units include 28 states, the union
territory of Delhi, and the union territories of Jammu &
Kashmir and Ladakh (combined). The other small union
territories (Andaman and Nicobar Islands, Chandigarh,
Dadra and Nagar Haveli, Daman and Diu, Lakshadweep,
and Puducherry), were excluded due to small numbers.
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The states were categorised as the Empowered Action
Group (EAG: Bihar, Chhattisgarh, Jharkhand, Madhya
Pradesh, Odisha, Rajasthan, Uttar Pradesh and Uttara-
khand), north-east (NE) states, and the rest of the states
were categorised as other states [29, 30]. The exchange
rate for USD to Indian Rupees (INR) at the time of this
analysis was 73.93 [31]. The accessed data from the
Global Health Data Exchange and other sources were
copied into MS Excel for this analysis. QGIS was used
to plot economic burden estimates across the states of
India.

Results
The number of adolescent deaths in India was 167,078
in 2021, and ranged from 51 in Sikkim to 41,286 in Uttar
Pradesh at the state level (Additional file 2: Table S1).
The adolescent burden of YLDs was 18,174,979 in India,
54.2% of it in EAG states, 4% in NE states, and 41.6% in
the other states; these groups of states account for 48%,
3.8%, and 47.9% of the country’s population, respectively.
The CDs, NCDs and injuries accounted for 37.0%, 23.2%
and 38.0% of total deaths, and 34.4%, 62.7%, and 2.9% of
total YLDs in the adolescent age group in India in 2021.
The economic loss due to adolescent disease burden
was estimated at USD 38.01 billion (95% CI 29.57-48.41)
in India in 2021, including USD 9.87 (95% CI 9.04-10.71)
billion due to deaths and USD 28.14 (95% CI 20.53-37.71)
billion due to morbidity, as shown in Table 1. Extrapolat-
ing the total economic loss in terms of GDP, the total loss
was estimated at 1.30% (95% CI 1.01-1.65) of India’s GDP
in 2021 (Table 2). This included an economic loss from
premature deaths at 0.34% (95% CI 0.31-0.37) and from
morbidity at 0.96% (95% CI 0.70-1.29) of India’s GDP in
2021 (Table 2). A sensitivity analysis showed that, with
a discount rate ranging between 3% and 9%, the esti-
mated total economic loss for India would range between
USD 51.22 (95% CI 41.68-62.75) billion and USD 34.46
(95% CI 26.32—44.56) billion accounting for 1.75% (95%
CI 1.42-2.14) and 1.18% (95% CI 0.90-1.52) of India’s
GDP, respectively (Additional file 1: Fig. S1 and Fig. S2).
The total economic loss due to adolescent disease bur-
den in the EAG states ranged from USD 4.40 billion in
Uttar Pradesh to USD 462 million in Uttarakhand; in
the NE states ranged from USD 755 million in Assam to
USD 34 million in Sikkim, and in the other states ranged
from USD 3.78 billion in Maharashtra to USD 93 million
in Goa. The total economic loss as a percentage of the
state’s GDP varied 3.42 times between the states, with ten
states (33.3%) having an economic loss of 1.30-1.49% of
the state’s GDP and three states (10%) of > 1.5% of state’s
GDP (Table 2; Fig. 1). The economic loss due to prema-
ture deaths among adolescents ranged from 0.12% of the
state’s GDP in Kerala to 0.58% in Bihar, with a 4.71-fold
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Table 1 Economic loss due to adolescent deaths and morbidity in India and its states in 2021 in USD (million). YLDs is years lived with

disability and EAG is Empowered Action Group

Economic loss due to adolescent deaths and morbidity in USD (million)

(95% confidence interval)

Due to morbidity (YLDs) Total

28,139 38,006 (29,572-48,413)
(20,533-37,706)

Due to deaths
India 9868
(9039-10,708)
EAG states
Bihar 479 (422-543)
Chhattisgarh 209( 87-235)
Jharkhand 45 (131-160)
Madhya Pradesh 643 (569-715)
Odisha 310 (276-343)
Rajasthan 532 (475-590)
Uttar Pradesh 1257 (1123-1395)
Uttarakhand 30 (115-147)
North-east states
Arunachal Pradesh 15(12-17)
Assam 206 (184-226)
Manipur 16 (13-18)
Meghalaya 19 (16-22)
Mizoram 10 (9-12)
Nagaland 13(11-16)
Sikkim 8 (6-9)
Tripura 19 (16-22)
Other states
Andhra Pradesh 259 (217-308)
Delhi 257 (232-283)
Goa 15 (12-18)
Gujarat 658 (599-724)
Haryana 358 (321-396)
Himachal Pradesh 36 (32-40)
Jammu & Kashmir and Ladakh 71 (63-79)
Karnataka 569 (503-641)
Kerala 142 (125-160)
Maharashtra 810 (712-904)
Punjab 193 (172-217)
Tamil Nadu 601 (522-672)
Telangana 310 (254-369)
West Bengal 410 (365-456)

1520 (1090-2049)
420 (304-568)
470 (342-629)
1265 (918-1718)
778 (559-1046)
1540 (1115-2093)
3144 (2256-4235)
332 (240-448)

1999 (1512-2591)
628 (491-803)
615 (473-789)
1907 (1487-2433)
1088 (835-1389)
2072 (1590-2683)
4401 (3379-5629)
462 (354-595)

51 (37-68) 65 (49-85)

549 (398-740) 755 (582-967)
51 (37-69) 67 (50-87)

58 (41-79) 77 (58-101)

33 (24-44) 43 (32-56)

41 (30-55) 4(41-71)

26 (19-35) (25 —44)

57 (41-77) 76 (57-99)

988 (715-1317) 1247 (932-1625)
1130 (810-1549) 1388 (1042-1832)
78 (56-105) 93 (69-123)

2016 (1455-2702)
1121 (812-1492)
127 (91-171)

228 (165-306)
1860 (1346-2495)
726 (521-983)
2967 (2153-3968)
625 (456-832)
1696 (1230-2264)
958 (697-1285)
1371 (995-1849)

2674 (2054-3426)
1479 (1133-1888)
163 (123-211)
299 (228-385)
2430 (1850-3135)
868 (646-1143)
3777 (2865-4871)
818 (628-1049)
2297 (1752-2936)
1268 (951-1654)
1781 (1361-2305)

difference between states, and that due to adolescent
morbidity from 0.55% of the state’s GDP in Sikkim to
1.85% in Bihar, with a 3.38-fold difference between the
states (Table 2).

Of the total deaths among adolescents in 2021, the
proportion of deaths due to CDs ranged from 22.7% in
Kerala to 52.9% in Mizoram—a 2.3 times difference
across the states, whereas the proportion of YLDs due to
CDs ranged from 25.6% in Manipur to 37.7% in Bihar—
a 1.75 times variation (Additional file 2: Table S1). The

total economic loss due to CDs among adolescents was
estimated at USD 13.25 (95% CI 10.10-17.17) billion in
2021 accounting for 0.45% (95% CI 0.34—0.59) of India’s
GDP (Table 3; Additional file 2: Table S2). This included
an economic loss of USD 3.65 (3.18—4.18) billion due to
deaths and USD 9.60 (95% CI 6.92—12.99) billion due to
morbidity (YLDs) as shown in Additional file 2: Table S3.
The economic loss due to CDs accounted for 35.2% of the
total economic loss among adolescents in India, ranging
from 25.5% to 38.9% across the states in 2021 (Fig. 2). The
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Table 2 Economic loss due to adolescent deaths and morbidity as a percentage of Gross Domestic Product (GDP) in India and its
states in 2021.YLDs is years lived with disability and EAG is Empowered Action Group

GDP 2021-20222
(USD, in million)

GDP per capita
2021-122 (USD)

Economic loss due to adolescent deaths and morbidity as % of

GDP 2021-2022

(95% confidence interval)

Due to deaths Due to morbidity (YLDs) Total
India 2,928,355 2070 0.34(0.31-0.37)  0.96 (0.70-1.29) 1.30(1.01-
1.65)

EAG states
Bihar 82,341 655 0.58 (0.51-0.66) 1.85(1.32-249) 243 (1.84-3.15)
Chhattisgarh 51,003 1682 041 (0.37-0.46) 0.82 (0.60-1.11) 1.23(0.96-1.57)
Jharkhand 44,332 1135 0.33(0.30-0.36) 1.06 (0.77-1.42) 1.39(1.07-1.78)
Madhya Pradesh 141,869 1573 0.45 (0.40-0.50) 0.89 (0.65-1.21) 1.34 (1.05-1.71)
Odisha 81,900 1733 0.38 (0.34-0.42) 0.95 (0.68-1.28) 1.33(1.0 70)
Rajasthan 151,327 1845 0.35(0.31-0.39) 1.02 (0.74-1.38) 1.37 (1.05-1.77)
Uttar Pradesh 244,803 977 0.51 (0.46-0.57) 1.28 (0.92-1.73) 1.80 (1.38-2. 30)
Uttarakhand 34,424 2839 0.38(0.33-0.43) 0.97 (0.70-1.30) 1.34(1.03-1.73)

North-east states
Arunachal Pradesh 4441 2552 0.33(0.28-0.39) 1.14 (0.83-1.53) 147 (1.11-1.91)
Assam 51,818 1415 040 (0.35-0.44) 1.06 (0.77-1.43) 146 (1.12-1.87)
Manipur 4489 1222 0.35 (0.29-0.40) 1.14 (0.83-1.54) 149 (1.12-1.94)
Meghalaya 4907 1351 0.38(0.33-0.44) 1.19(0.85-1.61) 1.57 (1.17-2. 06)
Mizoram 3500 2724 0.29 (0.24-0.34) 0.94 (0.67-1.27) 1.23(0.92-1.61)
Nagaland 4176 2237 0.32(0.27-0.37) 0.98 (0.71-1.32) 1.30 (0.98-1.69)
Sikkim 4773 6951 0.16 (0.14-0.19) 0.55 (0.40-0.73) 0.71 (0.53~ 092)
Tripura 7849 1897 0.24 (0.20-0.28) 0.73 (0.53-0.98) 0.97 (0.73-1.26)

Other states
Andhra Pradesh 141,385 2605 0.18(0.15-0.22) 0.70 (0.51-0.93) 0.88 (0.66-1.15)
Delhi 112,809 5786 0.23 (0.21-0.25) 1.00 (0.72-1.37) 23(092-1.62)
Goa 10,706 6953 0.14 (0.12-0.17) 0.73 (0.52-0.98) 0.87 (0.64-1.15)
Gujarat 240,294 3410 0.27 (0.25-0.30) 0.84 (0.61-1.12) (O 85-1.43)
Haryana 109,051 3745 0.33(0.29-0.36) 1.03 (0.75-1.37) 6 (1.04-1.73)
Himachal Pradesh 22420 2934 0.16 (0.14-0.18) 0.57 (041-0.76) 0.73 (O 55-0. 94)
Jammu & Kashmir and Ladakh 24,858 1756 0.29 (0.25-0.32) 0.92 (0.66-1.23) 20(0.92-1.55)
Karnataka 242,636 3461 0.23(0.21-0.26) 0.77 (0.55-1.03) 00 (0.76-1.29)
Kerala 115,251 3280 0.12(0.11-0.14) 0.63 (0.45-0.85) 0.75 (0.56-0. 99)
Maharashtra 387,885 3104 0.21(0.18-0.23) 0.76 (0.56-1.02) 0.97 (0.74-1.26)
Punjab 78,116 2500 0.25 (0.22-0.28) 0.80 (0.58-1.07) 05 (0.80-1 34)
Tamil Nadu 261,001 3254 0.23 (0.20-0.26) 0.65 (0.47-0.87) 0.88 (0.67-1.12)
Telangana 140,106 3562 0.22 (0.18-0.26) 0.68 (0.50-0.92) 0.90 (0.68-1.18)
West Bengal 170,405 1703 0.24(0.21-0.27) 0.80 (0.58-1.09) 04 (0.80-1.35)

@ Reserve Bank of India. Handbook of Statistics on Indian Economy, 2022-2023. 2023. https://www.rbi.org.in/scripts/AnnualPublications.aspx?head=Handbook+of+

Statistics+-on+Indian+Economy

total economic loss due to CDs varied widely between
the states, ranging from USD 10.8 million in Sikkim to
USD 1.63 billion in Uttar Pradesh (Table 3). The total
economic loss due to CDs among adolescents accounted
for>0.5% of the state’s GDP in three (37.5%) of the eight
EAG states, two (26%) in eight NE states, and none of
the other states (Additional file 2: Table S2). Among the

major CDs, diarrheal diseases had the highest contri-
bution to the economic loss due to deaths followed by
tuberculosis and lower respiratory infections with some
variations by the state group, whereas nutritional defi-
ciencies accounted for most of the economic loss due to
morbidity in India and its states in 2021 (Table 4).
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Fig. 1 Distribution of economic loss due to adolescent deaths and morbidity as a percentage of Gross Domestic Product (GDP) in the states

of India in 2021

Of the total deaths among adolescents in India in 2021,
the proportion of deaths due to NCDs varied 1.6 times
between the states, ranging from 20.9% in Uttar Pradesh
to 32.4% in Punjab, and the proportion of YLDs due to
NCDs out of the total YLDs varied 1.2 times between the
states, ranging from 59.7% in Bihar to 71.5% in Manipur
(Additional file 2: Table S1). The total economic loss due
to NCDs among adolescents was estimated at USD 20.01
(95% CI 14.60-26.74) billion (Table 3), which was 0.69%
of GDP (95% CI 0.50-0.91) as shown in Additional file 2:
Table S2. This included USD 2.29 (95% CI 2.03-2.56)
billion due to premature deaths and USD 17.72 (95%
CI 12.57-24.18) billion due to morbidity (YLDs) (Addi-
tional file 2: Table S3). The economic loss due to NCDs
accounted for 53.1% of the total economic loss among
adolescents in India, ranging from 49.1% to 64.6% across
the states in 2021 (Fig. 2). The economic loss due to

NCDs ranged from USD 19.6 million in Sikkim to USD
2.20 billion in Uttar Pradesh (Table 3). The economic loss
due to NCDs accounted for>0.5% of the state’s GDP in
all of the eight EAG states, in seven (97.5%) of the eight
North-east states, and in 10 (71.4%) of the other states
(Additional file 2: Table S2). Among the major NCDs,
neoplasms had the highest contribution to economic loss
due to deaths followed by cardiovascular diseases, and
digestive diseases; and neurological disorders accounted
for the most economic loss due to morbidity in India and
its states in 2021 (Table 4).

Of the total deaths among adolescents in India in
2021, the proportion of deaths due to injuries ranged
from 23.6% in Mizoram to 51.4% in Tamil Nadu—a 2.2
times variation between states, whereas the proportion
of YLDs due to injuries of the total YLDs ranged from
2.4% in Jharkhand to 3.8% in Jammu & Kashmir and
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Table 3 Total economic loss due to adolescent deaths and morbidity in USD (million) as a result of communicable diseases, non-
communicable diseases, and injuries in India and its states in 2021. EAG is Empowered Action Group

Economic loss for adolescent deaths and morbidity in USD (million)

(95% confidence interval)

Communicable diseases

Non-communicable diseases

Injuries

India 13,251 (10,102-17,166)
EAG states
Bihar 774 (556-1,063)
Chhattisgarh 232 (167-328)
Jharkhand 230 (163-313)
Madhya Pradesh 659 (488-896)
Odisha 389 (284-525)
Rajasthan 749 (549 1025)
Uttar Pradesh 1628 (1211-2184)
Uttarakhand (105 189)
North-east states
Arunachal Pradesh 21(15-28)
Assam 278 (207-365)
Manipur 9 (14-25)
Meghalaya 27 (20-37)
Mizoram 4 (10-20)
Nagaland 6 (12-21)
Sikkim 1(8-14)
Tripura 8 (20-39)
Other states
Andhra Pradesh 438 (310-583)
Delhi 488 (336-704)
Goa 30 (22-41)
Gujarat 934 (684-1,235)
Haryana 545 (397-726)
Himachal Pradesh 47 (35-64)
Jammu & Kashmir and Ladakh 88 (65-118)

Karnataka 777 (567-1040)
Kerala 221 (163-294)
Maharashtra 1240 (907-1638)
Punjab 257 (188-350)
Tamil Nadu 622 (456-842)
Telangana 380 (274-520)
West Bengal 567 (407-772)

20,009 (14,597-26,739)

1022 (734-1,383)
307 (214-416)
327 (233-446)
940 (683-1,265)
564 (407-760)
1081 (779-1459)
2198 (1586-2977)
255 (184-343)

37 (27-51)
391 (285-527)
29-54

14-26

40(
4331
5(17-35
(
0(
46 (33-63

)
59)
)
23-44)
)
)

675 (482-918)
787 (566-1,065)
55(39-74)

1395 (1012-1885)
902 (658-1207)
96 (69-128)

171 (125-229)
1340 (968-1799)
559 (400-760)
2122 (1533-2842)
469 (341-625)
1243 (904-1683)
718 (514-974)
983 (712-1320)

4572 (3865-5303)

193 (153-240)
86 (56-113)
56 (40-73)
300 (241-364)
132(103-162)
234 (190-285)
549 (444-665)
66 (54-79)

7 (5-8)
83 (68-98)

129 (100-163)
109 (88-135)
8 (6-10)

336 (273-400)
170 (140-203)
20 (16-24)

39 (32-46)
302 (246-361)
86 (70-104)
396 (319-481)
89 (73-107)
368 (293-441)
167 (126-210)
226 (175-270)

Ladakh—a 1.6 times variation between states (Addi-
tional file 2: Table S1). The total economic loss due to
injuries among adolescents was estimated at USD 4.57
(95% CI 3.87-5.30) billion, accounting for 0.16% of
India’s GDP in 2021 (95% CI 0.13-0.18) as shown in
Additional file 2: Table S2. This included USD 3.75 (95%
CI 3.26-4.22) billion due to deaths and USD 818 mil-
lion (95% CI 607-1080) due to morbidity (YLDs). The
economic loss due to injuries accounted for 11.7% of

the total economic loss among adolescents in India in
2021 (Fig. 2). The economic loss due to injuries ranged
from USD 3.2 million in Sikkim to USD 548.9 million in
Uttar Pradesh (Table 3). The economic loss due to inju-
ries accounted for <0.25% of the state’s GDP in all the
EAG states, and <0.20% of the state’s GDP in all the NE
states and all other states (Additional file 2: Table S2).
Among the major injuries, self-harm contributed the
maximum economic loss due to deaths followed by
road injuries and drowning, whereas falls contributed
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Uttar Pradesh 372 50.2 T 125 ]
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Fig. 2 Contribution to the total economic loss by type of diseases/condition for total adolescent deaths and morbidity in India and states in 2021.
EAG is the Empowered Action Group

the maximum economic loss due to morbidity across
the states in 2021 (Table 4).

Discussion

The economic loss due to lost output from premature
deaths and morbidity attributable to adolescents at
USD 38.01 billion is significantly high in India, equiva-
lent to 1.30% of India’s GDP in 2021. Premature deaths
accounted for nearly one-fourth and NCDs accounted for
nearly 70% of the total economic loss in India.

India, home to 1.4 billion people, is the world’s most
populous country [32], giving it potential advantages,
especially at a time when countries around the world are
facing declining birth rates and tight labour markets [33].
The government of India has taken several measures to
harness the demographic dividend including investing
in skills development efforts and the establishment of a
vocational and technical training framework, a compre-
hensive framework to transform the education system,
and policies seeking to mitigate gender discrimination
and address structural imbalances [34—-36]. The eco-
nomic loss due to premature mortality and morbidity
is a disinvestment in human capital stock [37]. Human

capital is a broad concept, defined as the stock of knowl-
edge and skills possessed by a population and the health
status of that population, which is an important compo-
nent of the inclusive wealth of a nation [38, 39]. With the
total health expenditure in India at 3.27% of GDP in 2019
[40], and the economic loss due to the adolescent disease
burden estimated at 1.30% of GDP, investing in adoles-
cent wellbeing is needed to facilitate India’s projected
GDP of USD 10.0 trillion by 2030 [41]. Importantly, the
economic loss due to adolescent disease burden is com-
parable with the 1.36% GDP loss reported previously
for air pollution, another major public health concern in
India [18]. It is important to note that we have estimated
the indirect costs of lost output due to premature deaths
and morbidity among adolescents in this paper using the
output-based approach, which is more suited for finan-
cial analysis and accounting when calculating the cost of
deaths and morbidity. There are alternative approaches
to measuring the indirect costs such as the willingness-
to-pay approach which evaluates the broader societal
and economic benefits or costs [20], and the friction
cost method which takes an employer’s perspective and
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measures only the production losses during the time it
takes to replace a worker [42, 43].

The loss of output in monetary terms attributable to
adolescent disease burden at the state level is associated
with the number and the age distribution of deaths and
morbidity in each state and state GDP per worker. This
economic loss as a percentage of state GDP was the high-
est for the state of Bihar at 2.43% followed by the state
of Uttar Pradesh at 1.80%. The burden of economic loss
was relatively higher in the EAG states, which are con-
sidered less developed as compared with the other
states, with a much higher variation between the states
in the former than in the latter group. The vast dispari-
ties in the Sustainable Development Goal (SDG) 3 across
the states with the health index in the EAG states lower
compared with the other states has been highlighted as a
challenge towards improving population health in India
[44]. We have previously also reported considerable state
heterogeneity in the disease burden of the leading causes
among adolescents highlighting the response to improve
adolescent wellbeing to be specific to the needs of each
state [13]. The state governments are essential stakehold-
ers in India’s achievement of SDGs as they play a pivotal
role in implementing programmes to improve health. In
this background, the finding that the EAG states with
lower per-capita GDP are most vulnerable to the adverse
economic impacts of adolescent premature deaths and
morbidity is significant. The economic loss due to lost
output from adolescent disease burden disaggregated by
the type of disease/condition is an important value-add
of this analysis towards specific actions needed at the
state level to improve adolescent health. The estimates by
disease/condition are particularly relevant as significant
gaps are documented in the IAHS in comparison to the
disease burden across CDs, NCDs, and injuries which
can have serious implications for improving adolescent
health in India and its states [13].

The CDs accounted for 35.2% of the total economic
loss in India in 2021 estimated at 0.45% of GDP with the
majority of this burden in the EAG states. The contribu-
tion to economic loss due to deaths was the most by diar-
rheal diseases and TB. We have previously reported that
neither of these diseases is currently a focus in the IAHS
and that the former is in the top 10 causes of years of
lives lost for both 10—14 years and 15-19 years whereas
the latter is only in 15-19 years [13]. A number of stud-
ies that had estimated the cost per TB death averted
since the introduction of the WHO End TB Strategy in
2014 were summarised in the Lancet Commission on
TB [45], and the significant economic and social benefits
of addressing TB in adolescents have been estimated in
the recent WHO report [10]. Nutritional deficiencies
accounted for the most economic loss due to morbidity
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across all states. Currently, dietary iron deficiency is
among the focus conditions being addressed for adoles-
cents under IAHS [12, 13]. The Government of India has
expanded its school meal scheme from classes 1 to V up
to class VIII children in government schools to include
11-13-year-old adolescents [46]. As malnutrition con-
tinues to be the leading risk factor for disease burden in
India for all age groups, and substantially higher rates of
improvement are needed in most states to achieve the
Indian 2022 and the global 2030 targets [47], implemen-
tation of recommended interventions and policies that
cut across sectors such as education, health, food sys-
tems, social protection, and digital media are needed to
improve upon adolescent nutrition, health, growth and
development [48].

Adolescent NCDs accounted for half or more of the
total economic loss in India and its states in 2021, with
the total lost capital due to adolescent NCDs in India
at 0.69% of GDP. Nine of the 10 USD lost due to NCDs
were due to morbidity in India; the burden of total loss
was higher in the EAG states which is a reflection of the
epidemiological transition in India [16]. Recent reports
on the trends and heterogeneity of the burden of neo-
plasms and cardiovascular diseases have highlighted the
systemic, access and prevention issues that have to be
addressed in India to address mortality due to these dis-
eases [49, 50]. Ischaemic heart disease is among the focus
conditions in the IAHS for deaths but not neoplasms
[13]. Leukaemia accounts for most deaths in this age
group [49]; measures to reduce potentially harmful expo-
sures [51], and improving prevention and access to treat-
ment can decrease the risk of disease in adolescents [49].
Neurological disorders accounted for the most economic
loss due to NCDs in adolescents, and these disorders are
not currently addressed in the IAHS [13]. The burden of
neurological disorders has increased over the last dec-
ades in India, and the need for state-specific health sys-
tem responses to address the gaps in neurology services
related to awareness, early identification, treatment, and
rehabilitation has been previously highlighted [52].

At 0.16% of GDP, injuries accounted for 11.7% of the
total economic loss in India in 2021 with 80% of this loss
as a result of premature deaths. Injuries, sexual abuse,
domestic violence and gender-based violence are consid-
ered a theme in the IAHS [12]. The injuries resulting in
most economic loss due to premature deaths, self-harm
and road injuries, are listed as a focus area with the lat-
ter under injuries and screening for suicidal tendencies is
indicated as a strategy under the mental health theme in
IAHS [12]. The generic injury strategies proposed in the
IAHS cannot address these injuries in adolescents effec-
tively as previously noted [13, 53—57]. More specificity is
also needed in the National Suicide Prevention Strategy
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to target suicide prevention among adolescents in India
[57], including an understanding of risks, protective fac-
tors, and effectiveness of interventions [58]. Lessons can
be learnt from cost-effective interventions such as the
Youth Aware of Mental Health programme in prevent-
ing both a suicide attempt and severe suicidal ideation
among young in Europe [59]. Deaths and serious inju-
ries from road traffic injuries can be addressed by known
effective interventions, which have also been shown to be
good economic and social investments [10]. Falls, leading
the economic loss for adolescent morbidity in injuries,
are not currently addressed in the IAHS [13]. Limited
data are available on fall-related injuries predominately
from emergency departments of large hospitals indicat-
ing at least one-third of fall-related injuries in children
and adolescents [60, 61].

There are limitations to this analysis. The general limi-
tations of GBD methods are published elsewhere [16, 17,
62—64]. Importantly, the estimates for output loss from
adolescent premature deaths and morbidity depend on
several assumptions, which, if changed, would alter the
results. A specific limitation for India is an incomplete
medically certified cause of death system that covers only
a small proportion of the deaths in India and has variable
coverage across the states [65]. The economic estimation
assumed that the workers irrespective of age in a state
would produce the same output per worker, the ratio of
worker to population would remain constant over time,
and the labour’s share of GDP, rate of growth in output
per worker and the discount rate were same for all states.
Additionally, for simplicity, the labour’s share of GDP
was assumed to remain constant over time at its current
value. The estimates of economic loss are dependent on
the rate at which future output is discounted. We have
done a sensitivity analysis for this using varying discount
rates. In addition, India and state-specific life tables
were assumed to remain constant over the lifetimes of
people currently alive, which may have understated the
economic losses in less developed states where survival
probabilities are likely to increase in the future. We have
not quantified the direct health-care costs and other
potentially negative economic impacts such as that due
to the COVID-19 pandemic on adolescents which are
beyond the scope of this analysis [66]. Despite these limi-
tations, this study provides useful estimates of economic
loss attributable to adolescent premature deaths and
morbidity in every state of India using the most recent
burden data in this population.

Conclusions

In light of the findings presented in this paper, appropri-
ate actions are urgently needed at the national and state
levels to improve adolescent wellbeing as an investment
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in India’s future economic growth. Strengthening the
current initiative to improve adolescent wellbeing needs
to be expanded to address the specific diseases/condi-
tions contributing most to the total economic loss to
facilitate substantial avoidance of economic losses attrib-
utable to due to adolescent premature deaths and mor-
bidity in India.
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