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Abstract 

Background  Opioid use disorder (OUD) present significant health challenges globally, especially among adolescents 
and young adults. This study leverages the Global Burden of Disease (GBD) Study 2021 to assess the burden of OUD 
from 1990 to 2021.

Methods  The incidence, mortality, and disability-adjusted life years (DALYs) of OUD from 1990 to 2021 were 
extracted from the GBD Study 2021 website. The slope index of inequality (SII) and concentration index of inequality 
(CII) were used to quantify the inequality of OUD burden across countries. We employed frontier analysis to quantify 
the gap between a country’s or territory’s current burden and its potential minimum burden.

Results  Globally, in 2021, the number of new cases, deaths, and the DALYs of OUD were 1942.52 thousand [95% 
uncertainty interval (UI): 1643.34, 2328.36], 99.55 thousand (95% UI: 92.94, 108.04), and 11,218.51 thousand (95% UI: 
9188.65, 13,159.55), respectively. The age-standardized rates (ASRs) of incidence, mortality, and DALYs of OUD were 
24.54 per 100,000 population (95% UI: 20.74, 29.48), 1.19 per 100,000 population (95% UI: 1.12, 1.29), and 137.15 
per 100,000 population (95% UI: 112.29, 161.39), respectively. At the regional level, high-income North America had 
the most severe burden of OUD. The peak OUD incidence occurred in both males and females aged 20–24 years, 
and the peak OUD-related mortality occurred in males aged 30–44 years and females aged 30–59 years. Countries 
with higher SDIs have a heavier burden of OUD, and this trend continues to intensify. Countries with higher SDIs often 
have greater potential to reduce the burden of OUD.

Conclusionq  OUD remains an important contributor to the burden of disease and is concentrated mainly 
among young people, emphasizing the urgency of addressing this public health challenge.

Keywords  Opioid use disorders, Global Burden of Diseases, Incidence, Mortality, Disability-adjusted life years, 
Inequality analysis, Frontier analysis

Introduction
Opioids are a class of analgesic drugs that can bind to 
opioid receptors in the central nervous system and are 
widely used for the treatment of moderate to severe 
pain [1]. Opioid use disorder (OUD), a chronic disorder 
with episodes of remission and recurrence, is charac-
terized by loss of control of opioid use, compulsive use, 
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and continued use despite causes not just harm to those 
afflicted, but also to the individuals friends and family 
and to society in general in terms of crime associated 
with opioid use and lost ability to work [2]. OUD may 
develop as a consequence of the prescribed or nonmedi-
cal use of opioid pain medications or as a consequence 
of the use of illicitly manufactured synthetic opioids. The 
clinical course of OUD involves periods of exacerbation 
and remission, but the potential vulnerability will never 
disappear. OUD increases the risk of early death 20-fold, 
mainly due to accidental overdoses, trauma, suicide, and 
infectious diseases [3–7]. OUD remains a critical world-
wide public health problem. Therefore, it is necessary to 
analyze the burden of OUD. Most studies reporting the 
burden of OUD are based on national/regional special-
ized databases, such as Centers for Disease Control and 
Prevention (CDC), with relatively few studies based on 
global databases and a lack of up-to-date data.

The Global Burden of Disease (GBD) Study 2021 
included 371 diseases and injuries in 204 countries and 
territories [8, 9]. The present study aims to assess the 
global burden of OUD using data from the GBD Study 
2021. Because the GBD database does not differentiate 
between different types of OUD, we focus on OUD in 
general, which would include both prescription opioids 
and illicit opioids. We describe the global epidemiologi-
cal characteristics of OUD, including incidence, mortal-
ity, and disability-adjusted life years (DALYs), and show 
the variations in these characteristics according to sev-
eral factors (sociodemographic index (SDI), age, sex, and 
region). We also analyzed significant inequalities in the 
OUD burden associated with SDI. Frontier analysis was 
conducted to explore the potential improvement space 
of the age-standardized incidence rate (ASIR) of OUD 
considering national and regional development levels. By 
describing and analyzing the burden of OUD, we aimed 
to promote the development of strategies to alleviate 
the burden caused by OUD at the global, regional, and 
national levels.

Methods
The incidence, mortality, and DALYs of OUD from 1990 
to 2021 were extracted from the GBD Study 2021 web-
site (https://​vizhub.​healt​hdata.​org/​gbd-​resul​ts/). DALYs 
quantify disease burden by combining years of life lost to 
premature mortality (YLLs) and years lived with disabil-
ity (YLDs). It serves as a core metric in the GBD study 
to compare health impacts across diseases, injuries, and 
risk factors. YLLs = Number of deaths × Standard life 
expectancy at age of death (Uses reference life tables, e.g., 
GBD 2021 uses 86.6 years as maximum lifespan). YLDs 
= Number of cases × Disability weight × Average duration 
(Disability weights range 0–1, where 0 = perfect health 

and 1 = equivalent to death). DALYs = YLLs + YLDs 
(Represents total health gap between ideal and observed 
population health status). In the GBD Study, the world 
was divided into 21 GBD regions. Moreover, the 204 
countries and territories were divided into five groups 
(low, low-medium, medium, high-medium, and high) 
according to their SDI values.

The slope index of inequality (SII) and concentration 
index of inequality (CII) quantify the inequality of the 
OUD burden across countries [10–12]. The SII is an abso-
lute measure of socioeconomic inequality in health or 
other outcomes. It represents the linear regression-based 
differencein outcomes between the most and least advan-
taged ends of the socioeconomic spectrum. Formula: SII 
= β1 × (Top Socioeconomic Status Rank − Bottom Socio-
economic Status Rank), where: β1 = regression coefficient 
of the outcome on socioeconomic rank, Socioeconomic 
Status Rank = relative position. The CII was calculated 
through a regression analysis relating each country’s 
incidence rate to the relative position of its SDI, defined 
by the population’s midpoint in a cumulative distribu-
tion ranked by SDI. The CII was calculated by numeri-
cally integrating the area under the Lorenz curve, which 
plots the cumulative proportion of incidence against the 
cumulative proportion of population ranked by SDI [13]. 
The range of the CII is from −1 to + 1: A value of + 1 
indicates that the outcome is entirely concentrated in the 
most socioeconomically advantaged group, represent-
ing perfect inequality favoring the wealthy. A value of −1 
indicates that the outcome is entirely concentrated in the 
most socioeconomically disadvantaged group, represent-
ing perfect inequality favoring the poor. A value of 0 indi-
cates perfect equality, where the outcome is distributed 
proportionally across all socioeconomic status groups.

We employed stochastic frontier analysis (SFA) to con-
struct an ASIR-based efficiency frontier model, with the 
SDI as the development-level predictor. Frontier analysis 
is a regression-based technique originally developed for 
econometric efficiency estimation, adapted here to esti-
mate the theoretical minimum achievable ASIR for each 
country or territory given its current SDI. The frontier 
represents the best-performing boundary-defined by the 
lowest observed ASIR values across countries at similar 
development levels. Countries positioned on the frontier-
those achieving the lowest ASIR values for their respec-
tive SDI levels-are considered to have attained optimal 
performance. In contrast, countries below the frontier 
exhibit measurable inefficiencies, represented by the 
absolute gap (vertical distance) between their observed 
2021 ASIR and the minimum ASIR predicted by the fron-
tier model [14–17].

All the statistical analyses and visualizations were con-
ducted via the R statistical software program (version 
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4.4.2). A P value < 0.05 was considered to indicate statisti-
cal significance.

Because the study was based on a publicly available 
dataset, this study was exempted by the ethics committee 
of the Second People’s Hospital of Wuhu City.

Results
Global burden and temporal trend in OUD
Globally, in 2021, the number of new cases, deaths, and 
DALYs of OUD were 1942.52 thousand [95% uncertainty 
interval (UI): 1643.34, 2328.36], 99.55 thousand (95% UI: 
92.94, 108.04), and 11,218.51 thousand (95% UI: 9188.65, 
13,159.55), respectively. In addition, the age-standardized 
rates (ASRs) of incidence, mortality, and DALYs of OUD 
were 24.54 per 100,000 population (95% UI: 20.74, 29.48), 
1.19 per 100,000 population (95% UI: 1.12, 1.29), and 
137.15 per 100,000 population (95% UI: 112.29, 161.39), 
respectively. The estimated annual percentage changes 
(EAPCs) was employed to assess temporal trends, the 
EAPCs of the ASRs of incidence, mortality, and DALYs 
were −0.17 [95% confidence interval (CI): −0.34, −0.00], 
0.52 (95% CI95% CI: 0.25, 0.78), and 0.50 (95% CI95% CI: 
0.30, 0.71), respectively (Table 1).

At the regional level, in 2021, high-income North 
America, South Asia, and North Africa and the Mid-
dle East were the three regions with the highest inci-
dence rates, at 456.33 thousand (95% UI: 382.67, 549.88), 
378.42 thousand (95% UI: 309.71, 466.04), and 245.27 
thousand (95% UI: 203.63, 296.38) cases, respectively. 
High-income North America, Eastern Europe, and Aus-
tralasia were the three regions with the highest ASIRs, at 

144.24 per 100,000 people (95% UI: 120.13, 174.95), 73.32 
per 100,000 people (95% UI: 61.90, 87.26), and 44.87 
per 100,000 people (95% UI: 38.68, 51.99), respectively. 
Meanwhile, the three regions with the highest numbers 
of deaths from OUD were high-income North America, 
Western Europe, and South Asia, at 58.20 thousand (95% 
UI: 51.54, 65.87), 8.94 thousand (95% UI: 8.42,9 0.40), 
and 8.06 thousand (95% UI: 6.70, 9.34), respectively. The 
three regions with the highest age-standardized mortal-
ity rates (ASMRs) were high-income North America, 
Eastern Europe, and Australasia, with 14.50 per 100,000 
people (95% UI: 12.92, 16.30), 2.55 per 100,000 people 
(95% UI: 2.33, 2.81), and 1.74 per 100,000 people (95% 
UI: 1.51, 1.99), respectively. In addition, high-income 
North America, South Asia, and East Asia were the 
three regions with the highest numbers of DALYs asso-
ciated with OUD, and high-income Asia–Pacific, Eastern 
Europe, and Australasia were the three regions with the 
highest age-standardized DALY rates (ASDRs) (Table  1 
and Fig. 1).

Variation in OUD burden by SDI
In 2021, a higher SDI was associated with higher inci-
dence, mortality, and DALYs of OUD, whether in cases or 
ASRs (Table 1).

From 1990 to 2021, the ASIR, ASMR, and ASDR 
remained stable in most regions and did not increase 
as the SDI increased. However, in high-income North 
America, the ASIR, ASMR, and ASDR increased with the 
SDI. In Eastern Europe and Australia, the burden of OUD 

Table 1  Incidence, mortality, and DALYs of OUD in 2021 and their temporal trends from 1990 to 2021
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Fig.1  The global burden of OUD in 204 countries and territories in 2021. (A) ASIR. (B) ASMR. (C) ASDR
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first increased and then decreased with increasing SDI 
(Fig. 2).

Variation in OUD burden by sex and five‑year age group
Overall, the incidence, mortality, and DALYs of OUD 
were higher in males than in females in 2021, especially 
mortality and DALYs. However, as age increased, the gap 
in the burden of OUD narrowed, and in some older age 
groups, the burden on females even exceeded that on 
males.

The incidence peaked in the age group of 20–24 years 
for both sexes. Moreover, the highest peak OUD mor-
tality occurred at ages 30–44 years in males and 30–59 
years in females. The highest peak in DALYs occurred at 
ages 25–34 years in males and 25–34 years in females in 
2021 (Fig. 3).

Analysis of inequalities among countries
The study revealed significant absolute and relative ine-
qualities in OUD burden associated with SDI. A higher 
ASIR was observed to disproportionately concentrate in 
countries with higher SDIs. The slope index of inequal-
ity indicated an increase in the ASIR gap between the 
countries with the highest and lowest SDIs, with the gap 
widening from 9.74 (95% CI: 6.53, 12.96) in 1990 to 13.65 
(95% CI: 10.07, 17.23) in 2021. The concentration index of 
inequality changed from 0.12 (95% CI: 0.08, 0.16) in 1990 
to 0.19 (95% CI: 0.13, 0.25) by 2021, suggesting increased 
inequalities (Fig. 4).

Frontier analysis
With the ASIR and SDI as the variables of interest, fron-
tier analysis was conducted using data from 1990 to 2021 
to explore the potential improvement space of the ASIR 
of OUD considering national and regional development 
levels. In 2021, the 15 countries and territories with the 
most significant actual potential for improvement (effec-
tive difference range: 156.75–41.19) were Estonia, the 
United States of America, Lithuania, the Russian Federa-
tion, Canada, Ukraine, Kazakhstan, the Islamic Republic 
of Iran, Norway, the United Arab Emirates, Latvia, Aus-
tralia, Iceland, Lebanon, and Sweden (Fig. 5).

Discussion
In 2021, the number of new cases, deaths, and DALYs 
of OUD worldwide reached 1942.52 thousand, 99.55 
thousand, and 11,218.51 thousand, respectively. At the 
regional level, high-income North America had the most 
severe burden of OUD, and the numbers of incident 
cases, deaths, and DALYs of OUD reached 456.33 thou-
sand, 58.20 thousand, and 5570.17 thousand, respec-
tively, accounting for almost half of the global total. The 
causes of the current opioid crisis in the United States 

include increased demand for opioids as chronic pain 
medications, overprescription of opioids, massive diver-
sion into illicit markets, lack of research on nonopioid 
pain management, ethical lapses by corporations, and 
failure to promote evidence-based treatment for opioid 
addiction [18]. Also a part of the current United States 
crisis is due to the introduction of ever stronger opi-
oids into the market such as fentanyl, nizatenes [19, 20]. 
Research has shown that the prevalence of OUD in some 
parts of the United States is close to 1 in 20 [21]. In 2022, 
81,806 opioid-involved overdose deaths were reported 
in the United States. A total of 3.7% of US adults need 
treatment for OUD, and only 25.1% of them receive med-
ication treatment [22]. We found that a higher SDI was 
associated with a greater burden of OUD, especially in 
high-SDI regions, which may be due to the greater bur-
den of OUD in the United States.

Our findings reveal that the current peak in incidence 
is focused on the age group of 20–24 years for both 
sexes. This is a very young age group, which is a seri-
ous issue worth noting. Young adults experience higher 
fatal overdose rates than older age groups, partly due 
to polydrug use (e.g., opioids combined with benzodi-
azepines or stimulants), which exacerbates respiratory 
depression [23]. Early-onset opioid use is associated with 
more severe OUD trajectories due to the heightened neu-
rodevelopmental plasticity of young brains, accelerating 
the progression to dependence [24]. In addition, young 
adults with OUD face decades of disability-adjusted life 
years. The age groups associated with OUD-related mor-
tality were also very young, with peaks in males aged 
30–44 years and females aged 30–59 years. The burden 
of OUD on males is greater than that on females, espe-
cially in terms of mortality and DALYs. In some elderly 
populations, the burden of OUD on females may even 
exceed that on men, possibly due to the larger population 
of elderly females.

In the inequality analysis, we found that countries with 
higher SDIs have a more severe burden of OUD, and this 
trend is still worsening. This may be due to the greater 
availability and insufficient management of opioids in 
high-SDI countries.

Through frontier analysis, we found that countries 
with higher SDIs often have greater potential to reduce 
the burden of OUD. The countries and regions with the 
greatest potential for actual improvement include, among 
others, Estonia, the United States of America, Lithuania, 
the Russian Federation, and Canada. Higher-SDI coun-
tries typically have better-funded healthcare systems, 
which facilitate broader access to medication-assisted 
treatment [25]. These nations often have advanced 
monitoring systems to track OUD trends and allocate 
resources efficiently. Higher-SDI countries can invest in 
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Fig.2  ASIR (A), ASMR (B), and ASDR (C) of OUD globally and for 21 GBD regions by SDI from 1990 to 2021
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Fig.3  Sex-specific age patterns in the total numbers of cases, deaths, and DALYs and the ASIR (A), ASMR (B), and ASDR (C) due to OUD at the global 
level in 2021
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preventive educationand long-term rehabilitation pro-
grams. Countries such as Sweden and the United States 
are at the forefront of developing innovative therapies for 
OUD, including extended-release medications and digital 
health interventions [26–29].

However, our study had several limitations. First, the 
analysis heavily relied on the GBD database. OUD diag-
nosis and reporting systems may not be sufficient in 
some underdeveloped countries and regions, leading to 
an underestimation of the true burden of OUD. Second, 
the GBD data extend only up to 2021 and cannot fully 

reflect the current global burden of OUD. Third, the GBD 
database does not differentiate between prescription 
OUD and heroin/illicit OUD, despite significant differ-
ences between these populations.

Conclusion
In 2021, the numbers of incident cases, deaths, and 
DALYs of OUD worldwide reached 1942.52 thousand, 
99.55 thousand, and 11,218.51 thousand, respectively. 
At the regional level, high-income North America had 
the most severe burden of OUD. The burden of OUD 

Fig.4  Slope index of inequality (A) and concentration index of inequality (B) for the ASIR of OUD from 1990 to 2021 across the worldwide
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is mainly concentrated among young people. The peak 
OUD incidence was concentrated in the age group of 
20–24 years for both sexes, and OUD-related mortal-
ity peaked in males aged 30–44 years and females aged 
30–59 years. Countries with higher SDIs have a heavier 
burden of OUD, and this trend continues to intensify. 
Countries with higher SDIs often have greater potential 
to reduce the burden of OUD.
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