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Abstract

Background: Drug use disorders (DUDs) pose a serious public health threat, exacerbating the worldwide
disease burden and resulting in a dramatic rise in fatalities. We aimed to explore the global and cross-country
disparities in the fatal and non-fatal burden attributable to DUDs and subtypes by sex and age groups from
1990 to 2021.

Methods: The Global Burden of Disease (GBD) 2021 data were analyzed to estimate the fatal [i.e. mortality
and years of life lost (YLL)], non-fatal [i.e. disability-adjusted life years (DALYS), years lived with disability
(YLD)] butden, trend attributable to DUDs, subtypes by sex and age groups using the joinpoint regression
model across India, China, as well as wotld between 1990 and 2021.

Results: Between 1990 and 2021, the age-standardized fatal and non-fatal rates attributable to DUDs signifi-
cantly increased in India and the world, whereas substantially declined in China. China experienced a 2-fold
higher age-standardized DALY's and YLDs rate in 2021, and India observed the fastest (2-fold) upward trend
in the age-standardized mortality and YLLs rate attributable to amphetamine use disorders than the world.
The trend in YLD rate attributable to DUDs significantly increased in the young age group <20 years in India.
The world experienced a significant increasing trend in the fatal rate attributable to DUDs in the middle age
group 20-54 years. Overall, females observed remarkable improvement in the fatal and non-fatal burden at-
tributable to DUDs across India, China and the wotld.

Conclusion: India and the global population experienced rising age-standardized fatal and non-fatal rates due
to DUDs—while China demonstrated progress. The trend varied by DUD subtypes, age group, and gender,
with amphetamine use disorders disproportionately affecting India and China and females showing improved
outcomes actoss all regions.
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Introduction
Over the past decade, Drug use disorders challenge, significantly contributing to the global
(DUDs) have emerged as a major public health burden of disease and driving a sharp rise in mor-
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tality. In 2019, DUDs ranked as the 16th leading
cause of Disability-adjusted life years (DALYS)
worldwide among adults aged 25—49 and the 18th
leading cause among adolescents and young
adults aged 10—24 (1). According to a 2020 report
by the United Nations Office on Drugs and
Crime (UNODC), over 250 million people
worldwide use drugs, with more than 35 million
suffering from DUDs (2). DUDs involve intoxi-
cation, dependence, or harmful patterns of psy-
choactive substance use, often leading to severe
social, psychological, physiological, and legal con-
sequences. With far-reaching personal and socie-
tal harms, DUDs represent a critical public health
crisis that demands urgent attention (3, 4).

The leading two populous countries, India and
China, have faced rising morbidity and mortality
from DUDs, reflecting broader global trends. In
India, opioid dependence (particularly heroin and
pharmaceutical opioids) and injecting drug use
have driven increased DUD prevalence (5). Chi-
na, meanwhile, saw a shift from traditional opi-
oids (e.g., opium) to synthetic drugs (e.g., meth-
amphetamine) (6). Strict drug policies initially
reduced opioid dependence but correlated with
rising stimulant-related harms. Both nations re-
port under diagnosis due to stigma, with mortali-
ty often attributed to overdoses (India) or infec-
tious complications (China) (7, 8).

Limited studies investigated the temporal trend
of DUD-related mortality and morbidity at the
global and national levels (2, 9, 10). However,
these studies focused only on DUDs-related
mortality (9) and morbidity (2, 10) and failed to
estimate non-fatal burden (i.e. DALYs and years
lived with disability (YLDs) (9) and fatal burden
(i.e. mortality and years of life lost (YLLs) (2, 10)
attributable to DUDs and subtypes. In this study,
we utilized the most recent GBD 2021 data to
conduct a comprehensive analysis of the fatal and
non-fatal burden attributable to DUDs and sub-
types across India, China, and at the global level
based on sex and age groups. These stratified
analyses aimed to identify vulnerable populations
and inform targeted, evidence-based policy inter-
ventions to address the specific needs of different
demographic groups affected by DUDs.
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Material and Methods

Data source

We obtained data stratified by sex (male, female,
and both sexes combined) and age (i.e. <20 years,
20-54 years and =55 years) from the publicly
available GBD 2021 database (1) (accessed on
December 24, 2024) between 1990 and 2021.
The GBD 2021 study employed DisMod-MR 2.1,
a Bayesian meta-regression modelling tool, to
estimate the prevalence and incidence of DUDs.
Additionally, mortality estimates related to DUDs
were derived using the Cause of Death Ensemble
model (CODEm) and spatiotemporal Gaussian
process regression (ST-GPR) (1). The GBD
study provides comprehensive estimates of vari-
ous disease and injury indicators, including
DALYs, YLDs, YLLs, prevalence, incidence, and
mortality, stratified by age, sex, year, and loca-
tion. These estimates are generated using stand-
ardized methodologies, with detailed descriptions
of the DUD-specific estimation processes availa-
ble in prior publications (1). The Institute for
Health Metrics and Evaluation (IHME) at the
University of Washington manages the GBD da-
taset in collaboration with the WHO, Global
Health Observatory, and World Bank Open Da-
ta. Given the nature of the data, the University of
Washington Institutional Review Board granted a
walver of informed consent for this study (11,
12).

Population and variables understudy

The all-ages number and age-standardized data
were extracted for India, China, and the world
(including China, India and other 202 countries.).
The observed variables were the fatal and non-
fatal burden of DUDs, opioid use disorders, co-
caine use disorders, and amphetamine use disor-
ders across different sex (males and females) and
age groups (L.e. <20 years, 20-54 years and =55
years). The fatal burden related to DUDs was
mortality and YLLs, whereas the non-fatal bur-
den was DALYs and YLDs. DALYs measure
overall disease burden, expressed as the number
of years lost due to illness, disability, or prema-
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ture death (.e. DALYs= YLLs+YLDs). YLL is
defined as the number of years lost due to
premature mortality, calculated by comparing the
age at death with a standard life expectancy. YLD
is defined as the number of years lived in less-
than-ideal health due to disease or injury,
weighted by severity (i.e. YLDs= number of cas-
esXduration of disabilityXdisability weight (0-1)
(D).

Statistical Analysis

We employed joinpoint regression analysis to an-
alyze temporal trends in the fatal and non-fatal
burden of DUDs and their subtypes from 1990
to 2021. This approach calculates the average an-
nual percentage change (AAPC), which reflects
the overall trend across the entire study period.
The joinpoint model further divides the temporal
pattern into multiple statistically significant seg-
ments, each characterized by an annual percent-
age change (APC) that indicates the trend direc-
tion within specific time intervals. Trend inter-
pretation was based on the following criteria: a
positive trend was identified when either the
AAPC or APC with a 95% confidence interval
(CI) exceeded zero, while a negative trend was
indicated when these values fell below zero.
Trends were considered stable when no statisti-
cally significant positive or negative changes were
observed. We computed AAPCs with corre-
sponding 95% Cls for different sex and age
groups, with statistical significance determined by
a two-tailed p-value threshold of <0.05. All anal-
yses were conducted using Joinpoint Regression
Software (version 4.9.1.0, April 2022), developed
by the Surveillance Research Program of the US
National Cancer Institute (NCI).

Results

Temporal trend of fatal and non-fatal burden
attributable to DUDs

Globally and in India, the absolute number of
mortality, DALY, YLLs, and YLDs attributable
to DUDs significantly increased between 1990
and 2021. However, China showed a substantial
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reduction in the absolute number of mortality,
DALYs, YLLs, and YLDs attributable to DUDs
during the study period. The age-standardized
mortality, DALYs, YLLs, and YLDs rate at-
tributable to DUDs significantly increased both
in the world and in India. India experienced the
slowest increasing trends in the age-standardized
mortality and YLL rates but observed the fastest
increasing trends in the age-standardized DALY's
and YLDs rate compared to the globe. On the
contrary, China had the highest age-standardized
DALYs, YLLs, and YLDs rates compared to In-
dia in 2021 but observed a remarkable reduction
in the age-standardized rates of fatal and non-
fatal burden between 1990 and 2021 (Tables 1
and 2, Fig. 1).

Temporal trend of fatal and non-fatal burden
attributable to opioid use disorders

The absolute number of mortality, DALYS,
YLLs, and YLDs attributable to opioid use dis-
orders significantly rose both in India and the
world between 1990 and 2021. China gained a
marked improvement in the fatal and non-fatal
burden attributable to opioid use disorders. The
age-standardized mortality, DALYs, YLLs, and
YLDs rate attributable to opioid use disorders
significantly increased in the world, whereas India
showed a significant upward trend in the DALY's
and YLDs rate during the study period. China
observed a significant reduction in the age-
standardized burden, particularly in the fatal bur-
den attributable to opioid use disorders (Tables 1
and 2).

Temporal trend of fatal and non-fatal burden
attributable to cocaine use disorders

The fatal and non-fatal burden attributable to
cocaine use disorders significantly increased in
the world and India during the study period. The
world experienced the fastest increasing trends in
the absolute number of mortality and YLLs, and
India showed the fastest increasing trends in the
absolute number of DALYs and YLDs. Howev-
er, China showed a significant reduction in the
fatal and non-fatal burden attributable to cocaine
use disorders. India and the world showed in-
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creasing trends in the age-standardized mortality,
DALYs and YLLs rate and decreasing trends in
the YLDs rate attributable to cocaine use disor-
ders. China experienced a marked decline in the

age-standardized mortality, DALYs, YLLs, and
YLDs rate attributable to cocaine use disorders
(Tables 1 and 2).

Table 1: Temporal tend in the age-standardized mortality, DALYs, YLDs, and YLLs rate due to DUDs in both sex-
es across India, China and the world from 1990 to 2021

Variable India China World
DUDs ASR 1990-2021 ASR 1990-2021 ASR 1990-2021
2021 AAPC 2021 AAPC 2021 AAPC
(95%U1I) (95%CI) (95%U1I) (95%CI) (95%U1I) (95%CI)

Mortality 0.6 (0.7, 0.5) 0.3 (0.1, 0.5) 0.6 (0.8, 0.5) -5.0 (-5.8, - 1.6 (1.7, 1.5) 0.9 (0.7, 1.2)
4.2)

DALYs 81 (98, 640) 0.6 (0.3,0.8) | 116 (143, 89) -2.9 (3.2, - 190 (222, 0.5 (0.4, 0.6)
2.0) 150)

YLDs 56 (73, 39) 0.7 (0.4, 1.1) 83 (110, 57) -2.0 (-2.2, - 114 (145,80) = 0.2 (0.1, 0.3)
1.7)

YLLs 25 (28, 21) 0.3 (0.1, 0.4) 32 (38, 20) -5.0 (-5.8, - 76 (81, 72) 0.9 (0.6, 1.2)
4.1)

Opioid  use

disorders

Mortality 0.4 (0.5,0.4) | 0.1(-0.1,0.3) 0.3 (0.3,0.2) -5.8 (-6.5, - 1.2 (1.2,1.1) 1.1 (0.8, 1.4)
5.1)

DALYs 63 (78, 47) 0.6 (0.4,0.9) 53 (66, 40) -3.6 (-3.9, - 137 (161, 1.0 (0.8, 1.1)
3.3) 112)

YLDs 45 (59, 30) 0.9 (0.5, 1.3) 39 (51, 20) -2.6 (-2.9, - 81 (106, 56) 0.8 (0.7, 0.9)
2.2)

YLLs 18 (21, 15) 0.1 (0.1, 0.2) 14 (17,11) -5.8 (-6.5, - 55 (60, 52) 1.1 (0.8, 1.5)
5.1)

Cocaine use

disorders

Mortality 0.1 (0.1, 0.1) 0.4 (0.1, 0.6) 0.1 (0.1, 0.1) -3.9 (4.5, - 0.2 (0.2,0.1) 2.5(2.1,3.0)
3.4)

DALYs 31¢4.1,21)  02(-0.1,04) 1.5(2.1,0.9) -2.3 (-2.5, - 13 (17, 11) 0.9 (0.7, 1.1)
2.0)

YLDs 0.4 (0.7, 0.2) -0.2 (0.3, - 0.8 (1.4, 0.5) -0.8 (-1.1, - 6.9 (104, 4.2) -0.3 (-0.4, -

0.1) 0.0) 0.2)

YLLs 25(3.6,1.7) | 0.2(-0.1,0.5) = 0.6 (0.8, 0.3) -3.6 (4.1, - 6.9 (7.9, 6.3) 2.5 (2.0, 2.9)
3.1)

Amphetamine

use disorders

Mortality 0.1 (0.1, 0.1) 1.6 (1.4, 1.8) 0.1 (0.2, 0.1) -2.8 (-3.7, - 0.1 (0.1, 0.1) 0.8 (0.4,1.2)
1.8)

DALYs 2.5(3.5,1.7) 0.6 (0.5, 0.7) 44 (65, 29) -1.9 (-2.1, - 20 (29, 14) 1.2 (-1.3, -
1.6) 1.1)

YLDs 1.6 (2.6, 0.9) 0.2 (0.2, 0.3) 35 (55, 21) -1.6 (-1.8, - 15 (23, 9) -1.7 (1.8, -
1.5) 1.5)

YLLs 0.8 (1.1, 0.6) 1.6 (1.2,1.9) | 8.6 (10.6, 6.8) -2.9 (-3.9, - 5.6 (6.2,5.1) | 0.4 (-0.1,0.9)
1.9)

Note: Drug use disorders (DUDs), age-standardized rate (ASR), average annual percentage change (AAPC), disability-adjusted
life years (DALYsS), years lived with disability (YLDs), years of life lost (YLLs)
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Table 2: Temporal tend in the all-ages number of mortality, DALYs, YLDs, and YLLs rate due to DUD in both sexes

across India, China and world from 1990 to 2021

Variable India China World
Drug use disorders Number, nX1000 1990-2021 Number, nX1000 1990-2021 Number, nX1000 1990-2021
2021 (95%U1) AAPC (95%CI) 2021 (95%U1) AAPC (95%CI) 2021 (95%U1) AAPC (95%CI)
Mortality 89,7 2.9 (2.7,3.1) 11 (13,9) -3.8 (-4.6,-3.1) 137 (146, 129) 2.7 (2.4,3.0)
DALYs 1229 (1506, 963) 2.8 (2.5,3.1) 1661 -2.6 (-2.9,-2.4) 15562 1.9 (1.7, 2.0)
(2030, 1278) (18119, 12752)
YLDs 864 (1142, 597) 3.0 (2.6, 3.3) 1158 (1501, 807) -1.9 (-2.2,-1.6) 9225 1.5 (1.4, 1.6)
(11764, 6536)
YLLs 364 (416, 315) 2.6 (2.4,2.8) 503 (605, 406) -4.3 (-5.0, -3.5) 6336 2.4 (2.1,2.7)
(6724, 5985)
Opioid use disor-
ders
Mortality 6(7,5) 2.7 (2.6, 2.9) 5(7,4) -4.4 (-5.1,-3.7) 99 (108, 92) 2.9 (2.6,3.2)
DALYs 960 (1188, 713) 2.9 (2.6,3.2) 849 (1041, 649) -2.8 (-3.1,-2.6) 11218 2.4 (2.3, 2.6)
(13159, 9188)
YLDs 690 (914, 458) 3.1(2.7,3.6) 611 (799, 421) -1.9 (-2.3,-1.5) 6636 2.2 (2.1,2.3)
(8617, 4606)
YLLs 270 (320, 218) 2.4 (2.3,2.6) 237 (291, 188) -4.9 (-5.6, -4.1) 4582 2.7 (2.3,3.0)
(4943, 4288)
Cocaine use disor-
ders
Mortality 0.8 (1.2, 0.6) 2.9 (2.6,3.1) 0.1 (0.2,0.1) -2.8 (-3.3,-2.3) 12 (14,11) 4.4 (3.9,4.8)
DALYs 44 (60, 31) 2.4 (2.1, 2.6) 21 (29, 14) -2.0 (-2.2,-1.7) 1133 (1427, 917) 2.3 (2.1,2.5)
YLDs 7 (11, 4) 2.0 (1.9, 2.1) 12 (19, 6) -0.9 (-1.0, -0.7) 556 (834, 343) 1.0 (0.9, 1.0)
YLLs 37 (52, 25) 2.5(2.2,2.7) 9 (13, 5) -3.0 (-3.5,-2.4) 577 (658, 528) 4.1 (3.6,4.5)
Amphetamine use
disorders
Mortality 0.2 (0.3,0.2) 4.0 (3.7,4.3) 2(3,2) -2.0 (-2.9,-1.1) 9 (11, 8) 2.3 (1.8,2.7)
DALYs 38 (54, 26) 2.7 (2.6, 2.8) 549 (796, 368) -2.3(-2.5,-2.1) 1677 -0.1 (-0.3,-0.1)
(2343, 1171)
YLDs 25 (41, 14) 2.3 (2.3,3.4) 427 (666, 252) -2.2 (-2.4,-2.0) 1213 -0.6 (-0.8, -0.5)
(1880, 717))
YLLs 12 (17,9) 3.7 (3.3,4.0 121 (149, 96) -2.6 (-3.5,-1.8) 463 (515, 419) 1.8 (1.3,2.3)
Deaths YLDs
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Fig. 1: Temporal trend in the age-standardized rate (ASR) of deaths, DALYSs, YLDs, and YLLs across India, China,
and the wotld between 1990 and 2021
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Temporal trend of fatal and non-fatal burden
attributable to amphetamine use disorders

India observed the fastest increasing trends in the
absolute number of mortality, DALYs, YLLs,
and YLDs rates attributable to amphetamine use
disorders. The fatal burden (i.e. mortality and
YLLs) significantly increased, whereas the non-
fatal burden (i.e. DALYs and YLDs) significantly
declined in the world. China showed significant
improvement in both fatal and non-fatal burdens
attributable to amphetamine use disorders. The
age-standardized fatal and non-fatal burden
showed significant upward trends in India. World
showed significant upward trends in the fatal
burden and downward trends in the non-fatal
burden during the study period. However, China
showed a significant decline in the age-
standardized fatal and non-fatal burden between
1990 and 2021 but experienced 2-fold higher age-
standardized DALYs and YLDs rate attributable
to amphetamine use disorders compared to the
world in 2021 (Tables 1 and 2).

Sex disparities in fatal and non-fatal burden
attributable to DUD and subtypes

In India, the age-standardized fatal and non-fatal
burden attributable to DUD and subtypes signifi-
cantly increased in males, and the age-
standardized non-fatal burden attributable to
DUD and opioid use disorders significantly in-
creased in females. Moreover, the age-
standardized fatal and non-fatal burden attributa-
ble to cocaine use disorders and amphetamine

use disorders significantly declined in females in
India. In China, females showed the fastest de-
cline in the age-standardized fatal and non-fatal
burden attributable to DUD and subtypes com-
pared to males. At the global level, both males
and females experienced significantly increasing
trends in the age-standardized fatal and non-fatal
burden attributable to DUD. Males showed the
fastest increasing trends in the age-standardized
fatal burden attributable to cocaine use disorders
compared to females. However, females showed
the fastest increasing trends in the age-
standardized fatal burden attributable to opioid
use disorders compared to males (Fig. 2).

Age-specific fatal and non-fatal burden attribut-
able to DUD

In India, the age group <20 years showed a de-
creasing trend in the mortality and YLLs rate and
an increasing trend in the YLDs rate. However,
the fatal and non-fatal burdens were stable in age
groups 20-54 years and =55 years. At the global
level, the fatal and non-fatal burden attributable
to DUD significantly decreased in the age group
<20 years. However, the age group 20-54 years
showed an increasing mortality and YLLs rate
trend. China experienced a notable reduction in
the fatal and non-fatal burden in all age groups.
Opverall, females observed remarkable improve-
ment in the fatal and non-fatal burden attributa-
ble to DUD across all age groups compared to
males in India, China and the world (Table 3 &
Fig. 3).

DuD
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Opioid use disorders
Mortality

DALYs -
YLDs
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Mortality
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Fig. 2: Average annual percentage change (AAPC) in the age-standardized rate of fatal and non-fatal burden attributable to drug
use disorders (DUD) and subtypes in males and females across India, China, and the world between 1990 and 2021
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Fig. 3: Average annual percentage change (AAPC) in the age-specific rate of fatal and non-fatal burden attributable
to drug use disorders (DUD) in males and females by age groups across India, China, and the world between 1990
and 2021

Table 3: Temporal tend in the age-specific mortality, DALY, YLDs, and YLLs rate in both sexes across India, Chi-
na and world from 1990 to 2021

Variable India China World
DUDs Age-specific 1990-2021 Age-specific 1990-2021 Age-specific 1990-2021
rate AAPC rate AAPC rate AAPC
2021 (95%UT) (95%CI) 2021 (95%UT) (95%CI) 2021 (95%UT) (95%CI)
Mortality
<20 years 0.1 (0.1, 0.1) -1.0 (-1.7, -0.3) 0.1 (0.1, 0.1) -8.2 (-8.7,-7.7) 0.1 (0.1, 0.1) -2.2 (-2.5,-2.0)
20-54 years 0.6 (0.6, 0.5) 0.1 (-0.2,0.3) 1.1 (1.3,0.8) -0.0 (-6.8,-5.1) 2.6 (2.8, 2.5) 0.5 (0.2, 0.8)
255 years 1.8 (2.0, 1.5) -0.1 (-0.3, 0.2) 0.9 (1.1, 0.7) -0.9 (-7.8,-6.0) 2.2 (24, 2.0) 0.2 (-0.3, 0.6)
DALYs
<20 years 14 (19, 10) 0.2 (-0.1, 0.6) 19 (25, 13) -4.9 (-5.2, -4.6) 27 (34, 20) -0.9 (-1.1,-0.7)
20-54 yeats 138 (173, 106) 0.1 (-0.2, 0.4) 193 (239, 147) | -4.3 (-4.8,-3.8) | 349 (408,284) | -0.1(-0.3,0.1)
255 years 84 (99, 70) -0.1 (-0.3, 0.1) 59 (73, 46) -4.9 (-5.4,-4.4) 112 (130, 95) 0.2 (-0.1, 0.4)
YLDs
<20 years 9 (14, 6) 0.9 (0.6, 1.3) 14 (20, 8) -2.6 (-3.1, -2.1) 20 (27, 13) -0.3 (-0.4, -0.1)
20-54 yeats 102 (137, 70) 0.1 (-0.3, 0.5) 135 (178, 94) -3.3(-3.7,-3.0) | 209 (267, 148) | -0.3 (-0.4,-0.1)
255 years 41 (55, 28) -0.1 (-0.2, 0.1) 38 (51, 206) -3.0 (-3.2, -2.8) 54 (71, 38) 0.1 (-0.1, 0.1)
YLLs
<20 years 4 (5,3 -1.0 (-1.7,-0.3) 4 (5, 3) -8.3 (-8.8,-7.8) 7 (8, 6) -2.2 (-2.5,-2.0)
20-54 years 35 (41, 30) -0.1 (-0.4, 0.2) 57 (69, 46) -0.1 (-7.0,-5.3) | 140 (148, 132) 0.3 (0.1, 0.6)
255 years 43 (49, 37) -0.2 (0.5, 0.1) 21 (25, 16) -7.2 (-8.1,-6.3) 57 (63, 52) 0.3 (-0.2, 0.7)

Note: Drug use disorders (DUDs), average annual percentage change (AAPC), disability-adjusted life years
(DALYsS), years lived with disability (YLDs), years of life lost (YLLs)
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Discussion

This study provides a detailed analysis of fatal
and non-fatal burdens attributable to DUDs and
subtypes stratified by sex and age across India,
China, and the wotld between 1990 and 2021.
The fatal and non-fatal burden of DUDs and
subtypes significantly increased at different paces
and scales in India and the global level. However,
China remarkably improved the fatal and non-
fatal attributable to DUDs and subtypes during
the study period. The pace of increasing or de-
creasing temporal trends of fatal and non-fatal
burden attributable to DUDs and subtypes varies
across sex and age groups in India, China, and
the world.

India observed significantly increasing trends in
the absolute burden (i.e. all-ages number) and
age-standardized rate of fatal (i.e. mortality and
YLLs) and non-fatal (i.e. DALYs and YLDs)
burden attributable to DUDs. The age-
standardized mortality, DALY, YLLs, and YLDs
rate attributable to opioid use disorders and am-
phetamine use disorders significantly rose be-
tween 1990 and 2021. The trend in age-
standardized mortality and YLLs rate attributable
to amphetamine use disorders was 2-fold faster
than the wotld. Moreover, India showed increas-
ing trends in the age-standardized mortality,
DALYs and YLLs rate and decreasing trends in
the YLDs rate attributable to cocaine use disor-
ders during the study period. Males observed an
increasing trend in the age-standardized fatal and
non-fatal burden attributable to DUD and sub-
types, whereas females showed an increasing
trend in the age-standardized non-fatal burden
attributable to DUD and opioid use disorders.
The young population aged <20 years showed an
increasing trend in the YLDs rate. The rising
trend of DUDs in the young population is alarm-
ing. It could be due to several reasons, including
peer pressure and social influence, mental health
issues, unemployment, and lack of awareness (13,
14). A previous study predicted that substance
use disorder would increase by 23% in India be-
tween 2013 and 2025 (15). With its large popula-
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tion, India faces significant challenges in provid-
ing adequate resources for DUD interventions. A
large proportion of affected individuals, including
those with severe conditions, never seek treat-
ment. To reduce this public health burden, over-
coming treatment barriers at the population level
is essential. Public education programs should be
developed and tested to increase mental health
literacy and fight the stigma associated with
DUDs (10).

China has achieved a remarkable gain in the ab-
solute all-ages number and age-standardized fatal
and non-fatal burden attributable to DUDs and
subtypes during the study period. The mortality
and YLL rates substantially declined compared
with DALYs and YLDs in China. Females
showed the fastest decline in the age-
standardized fatal and non-fatal burden attributa-
ble to DUD and subtypes compared to males.
The fatal and non-fatal burden attributable to
DUDs significantly declined across all age
groups, particularly in the young age group <20
years. In 2019, substance use disorders accounted
for 5.76 million DALY in China. Between 2000
and 2019, both the numbers and standardized
rates of DALYSs attributable to substance use
disorders decreased by 8.52% and 18.52%, re-
spectively (17).

However, we found that China had the highest
age-standardized DALYSs, YLLs, and YLDs rates
attributable to DUDs compared to India and ex-
perienced 2-fold higher age-standardized DALY's
and YLDs rate attributable to amphetamine use
disorders compared to the world in 2021. It re-
flects that DUDs, particularly amphetamine use
disorders, pose a significant challenge to the
healthcare system in China. Due to strict opioid
controls, drug users have switched to cheaper
and more accessible synthetic stimulants like am-
phetamines (18). The government of China
should find pragmatic solutions (i.e. early identi-
fication, targeted prevention, and effective treat-
ment) and take serious action to decrease the as-
sociated health burden of DUDs, particulatly
amphetamine.

Globally, the absolute all-ages number and age-
standardized mortality, DALY, YLLs, and YLDs
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rate attributable to DUDs, opioid use disorders,
and cocaine use disorders significantly increased
between 1990 and 2021. The absolute all-ages
number and age-standardized fatal burden signif-
icantly increased, whereas the non-fatal burden
significantly declined, attributable to ampheta-
mine use disorders. DUDs have been a public
health challenge, which potentially affected popu-
lation health and socio-economic development at
the global level (10). Between 1990 and 2019, the
absolute number of DALYs due to DUDs in-
creased by 2.6% per year, but there was no signif-
icant change in the age-standardized DALY rate
during the study period (10). The age-
standardized DALY rate attributable to opioid
use disorders and cocaine use disorders signifi-
cantly increased, which is in line with our find-
ings (10). We observed the fastest increasing
trends in the age-standardized mortality and
YLLs rate caused by cocaine use disorders among
three types of DUDs over the past 32 years.
From 1990 to 2021, the global mortality rate due
to DUDs significantly increased especially in
high-income countries (HICs) compared with
low to middle-income countries (LMICs). A no-
table rise in DUD-related deaths was seen in
adults aged 25-64, particularly among males (9).
We also found that males showed the fastest in-
creasing trends in the age-standardized fatal bur-
den attributable to cocaine use disorders com-
pared to females. Females showed the fastest in-
creasing trends in the age-standardized fatal bur-
den attributable to opioid use disorders com-
pared to males. Moreover, the age group 20-54
years showed an increasing trend in the mortality
and YLL rates attributable to DUDs. The mortal-
ity rate due to DUDs was predicted to increase
significantly until 2040 at the global level (9).
These findings underscore the urgent implemen-
tation of evidence-based DUD strategies to re-
duce the mortality burden associated with DUDs,
particularly in middle-aged males.

Limitations

We recognized several limitations in our study.
First, our analysis relies on GBD 2021 data and
consequently inherits all methodological con-
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straints associated with the GBD study frame-
work (19). Second, while we analyzed long-term
trends using AAPC (1990-2021), our study did
not examine short-term fluctuations through
APC metrics. This approach may mask recent
variations in DUD patterns and the effectiveness
of recent prevention and intervention of DUDs
and subtypes.

Conclusion

The absolute number and age-standardized rate
of fatal and non-fatal burden attributable to
DUDs and subtypes significantly increased in
India and at the global level, whereas China
showed a substantial reduction during the study
period. However, China experienced a 2-fold
higher age-standardized DALYs and YLDs rate
attributable to amphetamine use disorders com-
pared to the world in 2021. Females showed
marked improvement in the age-standardized
mortality rate attributable to DUDs and subtypes
in the studied population. The young population
aged <20 years showed an increasing trend in the
YLDs rate in India, and the middle-aged group
(20-54 years) observed an increasing trend in the
mortality and YLLs rate attributable to DUDs at
the global level. These findings suggest urgent
and comprehensive strategies to reduce the age-
standardized DALYs and YLDs rate attributable
to amphetamine use disorders in China and the
fatal and non-fatal burden attributable to DUDs
and subtypes across India and at the global level.
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