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Abstract
Aim. Opioid use disorder (OUD) is a medical condition associated with problematic opi-
oid use, leading to addiction and severe life impairments. This research delivers an in-depth
evaluation of OUD burden and trends at global, regional and national levels.
Methods. This study analysed the global burden of OUD from 1990 to 2021 using data from
the 2021 Global Burden of Diseases, Injuries, and Risk Factors Study. Key metrics included
age-standardized prevalence, incidence, mortality and disability-adjusted life years (DALYs),
disaggregated by gender, age, region, country and socio-demographic index (SDI) quintiles.
The average annual percentage change described trends, while the age-period-cohort model
evaluated age, period and cohort effects. A BayesianAge-period-cohortmodel predicted future
OUD trends from 2022 to 2040.
Results. In 2021, the global burden of OUD remained substantial, with a total of 16,164,876
cases and a prevalence of 154.59 cases per 100,000 population (95% uncertainty inter-
val [UI]: 131.06–181.26). In 2021, the global incidence of OUD reached 1,942,525 cases
(95% UI: 1,643,342–2,328,363), and its global mortality reached 99,555 deaths (95% UI:
92,948–108,050), with DALYs amounting to 11,218,519 (95% UI: 9,188,658–13,159,551).
Regionally, high SDI regions, particularly in the High-income North America, exhibited the
greatest burden.Among countries, theUnited States faced themost severe burden and increase,
with the highest prevalence (2014.62 per 100,000), incidence (151.84 per 100,000), mortality
(15.37 per 100,000) and DALYs (1594.63 per 100,000), and all APPC values exceeding 5%.
Males aged 20–39 years were the most affected demographic. However, forecasts indicate that
the OUD burden among females will significantly increase over the next 20 years, with the
prevalence and incidence expected to rise by 39% and 49%, respectively.
Conclusions. The global burden of OUD has statistically significantly increased from 1990 to
2021.There are marked disparities across regions, countries and SDI levels. High-SDI regions,
particularly High-income North America, bear the heaviest burden, with young males (aged
20–39 years) being the most affected groups. However, caution should be exercised regarding
the female population, as the number of affected individuals is rapidly increasing.

Background

Opioid use disorder (OUD) is a medical condition characterized by the problematic use of
opioids that leads to significant distress or impairment (Bergeria and Strain, 2022; Taylor and
Samet, 2022). It includes both the compulsive use of opioids and the inability to control opi-
oid use, which is shown as craving and dependence, despite negative consequences in personal,
social or professional life (Strang et al., 2020). The disorder contributes to a substantial dis-
ease burden and high mortality rates (Degenhardt and Hall, 2012; Degenhardt et al., 2013). In
2010, an estimated 15.5 million people globally suffered from opioid dependence (Degenhardt
et al., 2014), and by 2016, this number had surged to 26.8 million (GBD 2016 Alcohol and Drug
Use Collaborators 2018). The sharp increase in OUD cases can be attributed to several fac-
tors, including the increased misuse of prescription opioids, proliferation of illicit opioids and
deficiencies in public health policy. These issues are particularly pronounced in high-income
countries, where OUD is closely tied to the alarming rise in opioid overdose deaths and burden
(Ellis et al., 2024; The US Burden of Disease Collaborators, 2018).

Previous studies, notably from the Global Burden of Diseases, Injuries, and Risk Factors
Study (GBD), highlighted OUD’s regional disparities. GBD 2010 identified high burdens in
North America, Eastern Europe and sub-Saharan Africa (Degenhardt et al., 2014), while GBD
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2019 focused on South America, revealing distinct drug use pat-
terns (Castaldelli-Maia et al., 2023). However, systematic evalua-
tions of OUD’s global burden have been limited since GBD 2010.
The COVID-19 pandemic likely exacerbated OUD prevalence due
to healthcare shifts and socio-economic changes, yet its impact
remains under-assessed (Alexander et al., 2020; Haley and Saitz,
2020).

This study addresses these gaps by analysing OUD burden
at global, regional and national levels using GBD 2021 data
(1990–2021), stratified by sex, age and the socio-demographic
index (SDI).This analysis aims to reveal the unobserved conditions
and provide a scientific basis for developing effective prevention
and treatment strategies, particularly to address the opioid crisis.

Methods

Overview

The data used in this study was extracted from the GBD 2021
study (GBD 2021 Diseases and Injuries Collaborators 2024). The
University of Washington Institutional Review Board waived the
requirement for informed consent to access the GBD data. The
research adhered to the Guidelines for Accurate and Transparent
Health Estimates Reporting (Stevens et al., 2016).

Data source

The GBD 2021 data on OUD is available from the Global Health
Data Exchange (GHDx) system. Additionally, the GBD popula-
tion forecasts for 2017–2100 (Institute for Health Metrics and
Evaluation (IHME), 2020) were obtained to predict the burden
of OUD from 2022 to 2040. Furthermore, the SDI is a crucial
metric in the GBD study, which is used to quantify the level of
socio-economic development across countries and regions (GBD
2021 Diseases and Injuries Collaborators 2024; GBD 2021 Lower
Respiratory Infections andAntimicrobial Resistance Collaborators
2024). The SDI is constructed based on data from three core
dimensions: fertility rate, educational attainment and per capita
income. By integrating statistical data from these three dimen-
sions, the GBD study classifies countries and regions worldwide
into five SDI categories: low, low-middle, middle, middle-high and
high SDI. This classification enables researchers to better anal-
yse the relationship between socio-economic development and the
burden of OUD. Individuals were assessed for OUD using the
International Classification of Diseases version 10 codes. OUD
is defined in the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition as a ‘pattern of opioid use that results
in clinically significant impairment or distress, as evidenced by
the presence of at least two of eleven specified criteria’ (American
Psychiatric Association, 2013).

Statistical analyses

The details of the methods, including the data estimation frame-
work and the interpretation of the model, are provided in the
Supplementary Methods section. Metrics of the OUD burden
included prevalence, incidence, mortality and disability-adjusted
life years (DALYs), all of which refer to age-standardized rates
unless otherwise specified. Uncertainty intervals (UIs) are used to

quantify uncertainty in disease burden estimates (GBD 2021 Risk
Factors Collaborators 2024).

The age-standardized rate per 100,000 population is obtained
by summing the products of the age-specific rates and the number
of persons (or weight) in the same age subgroup of the chosen ref-
erence standard population, and then dividing by the sum of the
standard population weights. The formula is expressed as follows:

ASR =

A
∑
i=1

aiwi

A
∑
i=1

wi

× 100, 000

where ai is the age-specific rate for the i age group; wi is the num-
ber of persons or weight in the ith age group of the standard
population; and A is the total number of age groups.

The average annual percentage change (AAPC) is used to
describe the average rate of change of a variable over a specific time
period, helping to determine the trend in the OUD burden (Kim
et al., 2000). The AAPC was performed using Joinpoint software
(Version 5.3.0). If the 95% confidence interval (CI) of the AAPC
estimate is greater than 0, the age-standardized indicator shows
an increasing trend during the study period; if it is less than 0,
it indicates a decreasing trend; and if it includes 0, it suggests no
significant change. Spearman’s correlation is used to assess the rela-
tionship between SDI and the age-standardized rates of OUD (Li
et al., 2024).

The age-period-cohort model was used to evaluate the effects
of age, period and cohort on the burden of OUD (Li et al., 2023).
The age effect refers to the impact of individual ageing on health
outcomes. The period effect reflects the influence of social, eco-
nomic or environmental factors in different time periods on all
age groups. The cohort effect captures the specific health risks or
behavioural patterns of people born in similar historical or social
contexts due to shared life experiences. The log-linear regression
model is as follows: log(Ya,p) = μ + αa + βp + γc + εa,p, where
Ya,p is the observed value for age a in period p, μ is the inter-
cept, and α, β and γ are the coefficients for age, period and cohort,
respectively. εa,p denotes the residual term. The intrinsic estima-
tor method integrated into the age-period-cohort model was used
to obtain the net effects of the three dimensions. Additionally, the
Bayesian age-period-cohort model with integrated nested Laplace
approximations was employed to predict future trends in OUD
burden from 2022 to 2040 due to its superior coverage and pre-
cision (Knoll et al., 2020; Wu et al., 2024). The statistical analyses
were conducted using R software (Version 4.4.1). A p-value of
<0.05 was considered statistically significant.

Results

Global level

The global burden of OUD has shown a consistent increase from
1990 to 2021. In 2021, the global burden of OUD reached approx-
imately 16,164,876 cases (95% UI: 14,133,120–18,431,510).
The prevalence increased from 154.59 per 100,000 (95%
UI: 131.06–181.26) in 1990 to 198.49 per 100,000 (95% UI:
173.42–227.22) in 2021, at an AAPC of 0.80% (95% CI:
0.71%–0.90%). The global incidence reached 1,942,525 cases
(95% UI: 1,643,342–2,328,363), and the global mortality reached
99,555 deaths (95% UI: 92,948–108,050), with DALYs amounting
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Table 1. Global and regional trends in the burden of opioid use disorder across five SDI levels: prevalence, incidence, mortality and disability-adjusted life years
(1990–2021)

Location
1990 2021

AAPC (95% CI), 1990–2021Number Age-standardized rate Number Age-standardized rate

Prevalence

Global 8,120,814
(6,801,333–9,596,422)

154.59 (131.06–181.26) 16,164,876
(14,133,120–18,431,510)

198.49 (173.42–227.22) 0.80% (0.71–0.90)

High SDI 1,943,218
(1,676,802–2,237,424)

202.28 (174.21–232.98) 8,316,982
(7,416,373–9,351,504)

761.65 (674.95–864.14) 4.40% (4.32–4.49)

High-middle SDI 2,371,642
(2,007,553–2,789,292)

207.16 (176.13–242.27) 2,208,011
(1,910,876–2,541,927)

159.87 (135.83–186.50) −0.84% (−0.96 to −0.71)

Middle SDI 2,510,698
(2,074,323–2,991,293)

148.74 (125.77–174.09) 2,832,681
(2,376,557–3,335,824)

108.64 (90.53–128.61) −1.01% (−1.08 to −0.94)

Low-middle SDI 983,642
(771,817–1,215,419)

95.95 (77.83, 16.07) 2,014,728
(1,651,316–2,416,977)

102.41 (85.01–121.39) 0.23% (0.17–0.28)

Low SDI 307,167
(240,869–380,773)

76.79 (61.93–92.88) 785,960
(630,138–959,125)

80.76 (66.91–96.27) 0.16% (0.07–0.26)

Incidence

Global 1,301,551
(1,077,634–1,598,053)

23.37 (19.58–28.48) 1,942,525
(1,643,342–2,328,363)

24.54 (20.74–29.48) 0.13% (−0.04 to 0.29)

High SDI 207,664
(173,326–252,999)

22.80 (18.96–27.79) 609,681
(518,566–721,842)

68.52 (57.67–82.33) 3.56% (3.15–3.98)

High-middle SDI 390,707
(326,323–477,149)

33.66 (28.19–40.96) 335,810
(284,831–398,899)

27.16 (23.02–32.63) −0.72% (−0.86 to −0.58)

Middle SDI 450,751
(371,018–556,894)

24.36 (20.52–29.63) 469,928
(393,637–562,644)

18.82 (15.81–22.76) −0.83% (−0.88 to −0.78)

Low-middle SDI 190,951
(152,928–241,535)

17.08 (14.09–21.04) 370,911
(305,809–455,798)

18.22 (15.29–22.17) 0.21% (0.15–0.27)

Low SDI 60,715
(48,592–77,001)

13.70 (11.32–16.77) 155,170
(124,663–194,320)

14.35 (11.93–17.42) 0.14% (0.08–0.20)

Deaths

Global 41,567
(36,923–45,060)

0.86 (0.76–0.93) 99,555
(92,948–108,050)

1.19 (1.12–1.29) 1.03% (0.78–1.29)

High SDI 8,843 (8,525–9,156) 0.91 (0.87–0.94) 67,689
(61,164–75,435)

5.47 (4.97–6.06) 5.96% (5.80–6.12)

High-middle SDI 11,743
(10,649–12,733)

1.07 (0.97–1.16) 10,285
(9,480–10,984)

0.67 (0.62–0.71) −1.74% (−2.59 to −0.89)

Middle SDI 16,770
(13,603–19,317)

1.16 (0.94–1.32) 11,216
(9,703–12,661)

0.42 (0.36–0.47) −3.32% (−3.61 to −3.02)

Low-middle SDI 3,054 (2,624–3,415) 0.38 (0.33–0.43) 7,099 (6,031–8,162) 0.42 (0.36–0.48) 0.31% (0.21–0.41)

Low SDI 1,138 (902–1,418) 0.38 (0.30–0.47) 3,236 (2,473–3,941) 0.43 (0.34–0.51) 0.40% (0.24–0.56)

Disability-adjusted life years

Global 5,415,249
(4,242,001–6,437,812)

103.69 (81.83–122.75) 11,218,519
(9,188,658–13,159,551)

137.15 (112.29–161.39) 0.91% (0.68–1.15)

High SDI 1,256,301
(1,007,041–1,499,490)

130.85 (104.81–156.09) 6,548,595
(5,421,926–7,567,177)

587.41 (484.84–680.69) 4.98% (4.82–5.14)

High-middle SDI 1,560,160
(1,218,569–1,864,510)

136.71 (107.30–162.80) 1,377,430
(1,108,117–1,649,452)

98.70 (78.06–119.48) −1.07% (−1.39 to −0.75)

Middle SDI 1,872,070
(1,451,059–2,215,513)

112.76 (88.48–132.60) 1,667,042
(1,293,206–2,026,943)

63.60 (49.05–77.63) −1.85% (−1.95 to −1.75)

Low-middle SDI 545,169
(401,809–688,250)

54.19 (40.34–67.01) 1,140,802
(861,829–1,406,316)

58.69 (44.52–71.94) 0.28% (0.13–0.43)

Low SDI 178,840
(134,816–226,787)

46.16 (35.28–57.74) 480,610
(364,315–591,723)

50.81 (39.15–61.76) 0.31% (0.24–0.38)

AAPC, average annual percentage change; SDI, socio-demographic index.
Values in parentheses are 95% uncertainty intervals.
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Figure 1. Burden of opioid use disorder for
age-standardized prevalence, incidence, mortality and
disability-adjusted life years from 1990 to 2021.

to 11,218,519 (95% UI: 9,188,658–13,159,551) (Table 1, Fig. 1).
These trends showed a significant increase, especially from
2015 to 2018 (all p < 0.05). However, starting in 2019, the
prevalence growth began to slow down, while incidence showed

a downward trend (all p < 0.05), but mortality accelerated
after 2017 (all p < 0.05). The temporal trend of DALYs closely
resembles that of prevalence (all p < 0.05) (Supplementary
Fig. S1–S4).
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Figure 2. Prevalent cases and crude prevalence (a), deaths cases and crude mortality (b) of opioid use disorder by sex and SDI regions in 1990 and 2021. SDI,
socio-demographic index.

Regional level

The burden of OUD varies significantly across different SDI levels,
with the main burden progressively transitioning from high-
middle and middle SDI regions to high SDI regions for preva-
lence, incidence, mortality and DALYs from 1990 to 2021 (Fig. 2,
Supplementary Figs S5–S6). From 1990 to 2019, these four indi-
cators exhibited rapid growth (all p < 0.05). However, from 2019
to 2021, the growth in prevalence, mortality and DALYs began
to slow, with incidence notably showing a decline (all p < 0.05)
(Supplementary Figs S1–S4). In 2021, high SDI regions faced the
highest prevalence of 761.65 per 100,000 (95% UI: 674.95–864.14)
and an AAPC of 4.40% (95% CI: 4.32%–4.49%) (Table 1, Fig. 1).
In addition, incidence, mortality and DALYs showed the highest
values in high SDI regions (Table 1, Fig. 1). Given the chronic
nature of OUD, we analysed the correlation between the indicators
of prevalence and DALYs with SDI from 1990 to 2021. Globally,
there is a moderate positive correlation between prevalence and
SDI (Spearman’s rho= 0.553, p< 0.001), with a similar pattern for
DALYs (rho= 0.543, p< 0.001) from 1990 to 2021 inGBD regions
(Supplementary Fig. S7).These situations indicate that regionswith
high SDI generally face a greater burden of OUD.

For GBD regions, the High-income North America region
exhibits the highest global burden of OUD, with a prevalence of
1890.26 per 100,000 (95%UI: 1659.84–2156.24), incidence (144.24

per 100,000, 95% UI: 120.13–174.95), mortality (14.5 per 100,000,
95% UI: 12.92–16.30), DALYs (1502.44 per 100,000, 95% UI:
1235.96–1740.10) in 2021. Moreover, all four of the above indi-
cators exhibit the highest AAPC (all > 5%), which reflects rapid
increases largely attributed to the opioid crisis, overprescription
and misuse. For Latin American regions, although having gener-
ally low prevalence and incidence, its mortality displays a rapid
rise, especially in Tropical Latin America (AAPC: 4.25%, 95% CI:
3.75%–4.76%) and Southern Latin America (AAPC: 3.59%, 95%
CI: 1.91%–5.31%), suggesting an escalating future burden. The
burden ofOUD for 21GBD regions is shown in the Supplementary
Table S1.

National level

At the national level, the United States, which belongs to both
the high SDI region and the High-income North America
Region, bears the highest prevalence (2014.62 per 100,000;
95% UI: 1761.65–2308.32), incidence (151.84 per 100,000;
95% UI: 125.79–184.96), mortality (15.37 per 100,000; 95%
UI: 13.62–17.33) and DALYs (1594.63 per 100,000; 95%
UI: 1308.06–1849.82) (Supplementary Tables S2–S5, Fig. 3,
Supplementary Fig. S8). Additionally, the United States has the
most rapid AAPC (all > 5%) increase across all four metrics
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Figure 3. Global maps of opioid use disorder prevalence (a) and disability-adjusted life years (b) rates across all ages in 2021.

(Supplementary Fig. S9). Second, as the other representative of
High-income North America, Canada ranks the third position
in prevalence (771.61 per 100,000; 95% UI: 717.18–826.73) and
second in both mortality (6.92 per 100,000; 95% UI: 6.32–7.51)
and DALYs (681.03 per 100,000; 95% UI: 590.51–775.86)

(Supplementary Tables S2–S5, Fig. 3, Supplementary Fig. S8).
Canada also shows significant growth in mortality (AAPC: 6.38%,
95% CI: 5.57%–7.18%) and DALYs (AAPC: 3.57%, 95% CI:
3.13%–4.01%), following the United States (Supplementary Fig.
S9). In contrast, Switzerland and China exhibit declining trends.
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Figure 4. Global trends of age-specific, period-based and cohort-based effects on opioid use disorder prevalence (a, c, e) and DALYs (b, d, f). DALYs, disability-adjusted life
years.

Switzerland, as a high SDI country, has the largest decrease in
prevalence (AAPC: −2.72%, 95% CI: −2.83% to −2.61%) and
incidence (AAPC: −3.35%, 95% CI: −3.80% to −2.89%). China
shows the most notable declines in mortality (AAPC: −5.32%,
95% CI: −5.67% to −4.96%) and DALYs (AAPC: −3.41%, 95%
CI: −3.65% to −3.16%) (Supplementary Tables S2–S5). Detailed
national burden and AAPC are available in Supplementary Tables
S2–S5.

Age and sex patterns

Overall, the prevalence, incidence, mortality and DALYs show dif-
ferences across age and sex, with a peak observed between the
ages of 20 and 39 years in 2021. The burden of OUD appears
to be higher in males than females for the four indicators. The
age-period-cohort model also suggested that age effects were the
main influencing factor on the burden of OUDs. Figure 4 and

Supplementary Fig. S10 illustrate the age-period-cohort effects of
OUDprevalence andDALYs, with both indicators showing similar
trends. The prevalence and DALYs peak in the 25–29 age group,
followed by a gradual decline. After controlling for period and
cohort effects, the age effects of prevalence in the 25–29 age group
is 7.17 times that of the 15–19 age group (exp((αage(25–29) − αmean)
− (αage(15–19) − αmean)) = exp(αage(25–29) − αage(15–19)) = 1.700/0.237),
whileDALYs are 5.83 times. Although the burden tends to decrease
with age, a considerable health burden remains in the middle-
aged and elderly populations. Both indicators show an increase
in the population over 80 years of age. The period effect has
a non-significant impact on both prevalence (relative risk [RR]:
0.93–1.10) and DALYs (RR: 0.95–1.15) from 1990 to 2021. The
cohort effect for both prevalence (RR: 1.03–1.31) and DALYs
(RR: 1.07–1.46) shows an early increase in cohorts born in ear-
lier years, a mid-term decline, followed by a late-term rise from
1990 to 2021.
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Figure 5. Future forecasts of global opioid use disorder burden for age-standardized prevalence, incidence, mortality and disability-adjusted life years.

Future forecasts

From2021 to 2040, the Bayesian age-period-cohortmodel predicts
a significant global increase in the burden of OUD, with a partic-
ularly notable rise among females (Fig. 5). The prevalence for both
genders is projected to increase from 278.33 per 100,000 in 2021 to
347.43 per 100,000 in 2040, an approximate rise of 25%.The preva-
lence for females is more pronounced, from 274.98 per 100,000
to 382.13 per 100,000, a growth of about 39%. A similar trend is
observed in the incidence, with the combined incidence for both
genders rising by about 30% (44.96 per 100,000) and increasing by
approximately 49% (49.76 per 100,000) for females in 2040. The
mortality is expected to grow by 30% (2.17 per 100,000) globally in
2040. The DALYs will increase from 192.24 per 100,000 to 222.28
per 100,000. These data highlight the significant impact of gender
differences on the burden of OUD.

Discussion

This study systematically analysed the global burden of OUD
and confirmed a consistent increase from 1990 to 2021. The bur-
den shows significant variation across regions and countries. The
United States bears the heaviest burden and largest increase, fol-
lowed by Canada, which consistently belongs to the high SDI
group and the High-income North America region. In contrast,
changes in global and most regional areas outside High-income
North America are relatively small (with most AAPCs below 1%),

suggesting slower progression of the opioid crisis. However, in
Latin America, althoughmortality remains low compared toHigh-
income North America, the growth rate is notable, particularly
in the Tropical and South Latin regions, which are geographically
close.Therefore, wemay assume the root causes of these differences
involve a combination of socio-economic factors, drug policies,
healthcare resources and drug management strategies, which may
influence one another between neighbouring countries.

A striking feature in high-SDI countries is the stronger cor-
relation between OUD and SDI within countries. A higher SDI
typically reflects better socio-economic support and more com-
prehensive healthcare, which, while improving medical resources
and treatment access, may also increase the risk of opioid mis-
use. In high-income and high-SDI regions, opioid use is more
prevalent due to easier access, particularly in areas with less strin-
gent regulation, such as the United States (Friedman et al., 2024).
Therefore, improvements in medical resources and access should
be accompanied by compatible regulatory and supervisory poli-
cies from the outset. If no scrutinizing system is in place, medical
access to opioids should be more conservative, as various non-
opioid analgesics are available. Moreover, the uneven distribution
of healthcare resources within high-SDI countries may further
exacerbate this burden (Bounthavong and Yip, 2024). Regions with
more healthcare services show a more pronounced OUD problem,
highlighting the role of medical access in driving the opioid crisis.
Overall, multiple factors contribute to OUD, but medical source
access should receive the most attention for future management.
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Although the OUD crisis in High-income North America pri-
marily stems from the over-prescription of opioids since the 1990s,
along with subsequent misuse and addiction problems, illicitly
manufactured opioids have worsened this problem (Dhalla et al.,
2011; The Lancet, 2022). Therefore, even though delayed pub-
lic health policies have been credited with addressing this crisis
(Dasgupta et al., 2018), such as Prescription Drug Monitoring
Programs, the prevalence, mortality and DALYs in these regions
are still rising (Dowell et al., 2024). Based on the data from the
Centers for Disease Control and Prevention in the United States,
approximately 72,000 overdose deaths were reported involving
illicitly manufactured fentanyls, accounting for 70% of all drug-
related overdose deaths in 2023 (Tanz et al., 2024). Furthermore,
carfentanil-related overdose deaths increased sevenfold in the first
half of 2024. This evidence strongly emphasizes the potential shift
of OUD from medical prescriptions to the illicit market, which
might contribute to the rapid rise in Latin American regions and
should also be addressed as quickly as possible. Therefore, future
public health strategies should not only actively supervise medical
access to opioids, but also swiftly and strictly eliminate the illicit
drug market.

The Latin American region also requires attention. Although
the current burden of OUD is less prevalent than amphetamines,
cannabis and cocaine use disorders, OUD accounts for the largest
burden in this region, particularly in years lived with disability
(Castaldelli-Maia et al., 2023). Some Latin American countries,
especially in tropical and southern regions, show rapid increases in
mortality andDALYs.The expansion of drug access channels, such
as overprescription and the illicit drug market, and insufficient
healthcare resources for overdose rescue mean these countries
may face greater future challenges. For example, Brazil showed
a significant increase in prescribed opioid sales, especially oxy-
codone, from 2009 to 2015, reflecting generous opioid prescribing
(Krawczyk et al., 2018). Heroin use among Peru’s younger pop-
ulation has gradually increased, while Uruguay was identified as
having an emerging opioid misuse problem in 2020 (Castaldelli-
Maia et al., 2023). Although opioid misuse became a public health
concern in Uruguay in 2020, there is still limited information on
the effectiveness of public interventions targeting opioid-related
harm. Delayed and insufficient actions could result in a problem-
atic situation, as seen in the United States.

Overall, there are clear regional variations and disparities in the
global burden of OUD.However, we can observe that high SDI and
income may lead to an early ‘onset’ of OUD. The global shift in
causes and the expansion of opioid access worldwidewould involve
more countries in the opioid crisis. Learning from the opioid his-
tory of countries with a high OUD burden, early intervention and
strict control can be highly beneficial. Effective global strategies
must also be tailored to the specific circumstances of each region.

The burden of OUD varies across age and gender. Unlike
chronic diseases that typically affect the elderly, OUD is most
prevalent among young adults aged 20–39 years, particularly
males, consistent with previous studies (GBD 2016 Alcohol and
Drug Use Collaborators 2018; Pan et al., 2020). This age group
should be the focus of future intervention. Additionally, the bur-
den among older populations (aged above 65 years) has increased
in recent years, especially among those aged 80 years and above.
In contrast to younger individuals, long-term opioid prescriptions
for chronic pain appear to be the main cause among the elderly
(Degenhardt and Hall, 2012). Furthermore, the burden of disease

affects both incidence and health outcomes more directly than in
other conditions, where DALYs typically lag behind prevalence
(Degenhardt et al., 2013);TheUS Burden of Disease Collaborators.
These findings suggest that these groups are in an early stage of
drug-related health issues, highlighting the need for earlier inter-
vention. Although the overall burden is higher in males, studies
indicate that females may face a greater risk of drug dependence
due to psychological and social pressures (Castaldelli-Maia et al.,
2023; Pan et al., 2020).The Bayesian age-period-cohort model fur-
ther predicts that the burden for females will increase significantly
over the next 20 years. Overall, youngmales and the elderly are cur-
rent key groups of concern, while females may face a severe burden
in the future. To address this, key strategies include enhancing opi-
oid education for women, improving treatment access, considering
psychological and physiological factors and strengthening social
support and policy protections.

The COVID-19 pandemic had a complex impact on the global
burden of OUD. A marked shift in the prevalence and incidence
of OUD has been closely related to the effects of the COVID-
19 pandemic. First, the COVID-19 pandemic led to disruptions
in healthcare services worldwide, with the diagnosis and treat-
ment of non-acute conditions being delayed, and OUD patients
were no exception. OUDpatients who should have been diagnosed
did not receive timely evaluation. Thus, the decline in ASIR dur-
ing the pandemic may not fully reflect the actual incidence trend,
likely due to underdiagnosis and patients avoiding medical care
(Haley and Saitz, 2020). Second, the pandemic’s potential impacts,
such as mental health issues and racial inequalities, led more peo-
ple to rely on opioids, particularly illicit drugs, especially in high
SDI countries. In 2020, the proportion of Black patients seeking
treatment for opioid-related overdoses increased significantly in
Virginia (Ochalek et al., 2020). Additionally, the supply of illicit
fentanyl in the United States increased, contributing to a resur-
gence of opioid misuse (Wainwright et al., 2020). The use of these
illicit synthetic opioids reflects theworsening trend ofmisuse in the
post-pandemic period. These factors may explain the rebound in
ASIR seen in Fig. 1 in late 2020. Overall, COVID-19 caused com-
plex changes in the OUD burden in 2020, and there is a need to
remain vigilant regarding further rebound in the OUD burden in
the post-pandemic period.

Regarding the limitations and future research directions, this
study has three limitations. First, the quality and completeness of
the GBD database vary across countries and regions, particularly
in low-income areas where underreporting, underdiagnosis, and
data gaps may lead to an underestimation of the burden of OUD
(Degenhardt et al., 2013). To address this, efforts should enhance
data collection and reporting mechanisms in low-income regions,
such as improving local healthcare information systems and pro-
moting international collaborations. Second, the GBD models for
estimating disease burden rely on assumptions and statistical esti-
mations, whichmay introduce uncertainties. Future research could
benefit from multicentre prospective studies to validate predictive
models and supplement GBD estimates. Finally, although the GBD
database provides the best available estimates, these limitations
highlight the need for caution in interpreting results and under-
score the importance of efforts to update and refine global burden
estimates (GBD 2021 Diseases and Injuries Collaborators 2024).
Future studies should explore the relationship between disease
burden and socio-economic factors, drug policies and healthcare
resources.
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Conclusions

The global burden of OUD has shown a consistent increase
from 1990 to 2021. There are marked disparities across regions,
countries and SDI levels. The changes in the global burden and
in most regions, other than the High-income North America
region, are relatively small. High-income North America, par-
ticularly the United States, bears the heaviest burden and the
largest increase, even though multiple but delayed policies have
been implemented. Regions from non-high SDI regions, such
as Latin America, are experiencing a rapidly rising burden,
albeit from a low baseline. Meanwhile, opioid sources have
expanded from overprescription to illicit market. Young males
(aged 20–39 years) are the most affected group, while the elderly
suffer increasingly. Moreover, the burden among females is
expected to rise sharply over the next 20 years. Therefore region-,
source- and population-targeted interventions are urgently
needed to mitigate the growing challenges posed by OUD
worldwide.
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