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W Check for updates

Drug use disorders (DUDs) are emerging global public health challenges.
Here we investigated the global and regional estimates of the prevalence

and burden of DUDs, including amphetamine, cannabis, cocaine and

opioid use disorders, from 1990 to 2023 for 204 countries and territories

by using the Global Burden of Disease Study 2023. Overall, trends in global
age-standardized disability-adjusted life-years of DUDs increased from
169.3 (95% uncertainty interval (95% Ul), 134.4-203.9) per 100,000 people
in1990t0212.0 (95% UI, 179.2-245.6) in 2023.1n 2023, both prevalence

and burden of DUDs were higher in high-income countries, particularly
inthe USA. The most prevalent DUDs in 2023 were cannabis use disorder
(age-standardized prevalence, 270.8 (95% Ul, 201.7-350.0) per 100,000
people) and opioid use disorder (205.9 (95% Ul,178.7-235.0)). Particularly,
opioid use disorder showed a nearly twofold increase in prevalence and
burdenbetween1990 and 2023.In 2023, compared with countries where
cannabis use wasillegal, countries permitting both recreational and medical
cannabis use had higher prevalence rates for all types of DUDs. Proactive and
effective policies are essential to mitigate the increasing global burden

of DUDs.

Druguse disorders (DUDs) present substantial public health challenges,
accounting for 1.3% of all-cause disability-adjusted life-years (DALYs)
globally'. Among the most globally prevalent DUDs are amphetamine
use disorder (AUD), cocaine use disorder (CUD), cannabis use disorder
(CAUD) and opioid use disorder (OUD) lllicit drugs in most countries
include some opioids, such as heroin, morphine, opiumand other phar-
maceutical opioids; cannabis; amphetamines; and cocaine. Therefore,
werefer toall use of drugs, including amphetamine, cocaine, cannabis

and opioids, as drug use. Previous studies suggested that OUD is the
largest contributor toburden, and the prevalence and burden of DUDs
vary substantially across regions of the world".

Drug dependence, a core aspect of DUDs, is defined by acompel-
ling desire for drugs, loss of control over their use, withdrawal symp-
tomsand tolerance. These criteria are specified by definitions from the
International Classification of Diseases 10th Revision (ICD-10) and the
Diagnostic and Statistical Manual of Mental Disorders-1V (DSM-1V)".
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Drug use also accompanies risks of various adverse health outcomes.
For instance, injecting drugs with nonsterile equipment poses
risks of HIV, viral hepatitis, other infectious diseases and injection-
related injuries®.

The COVID-19 pandemic has seen asurgein prevalence of DUDs
between 2019 and 2021, particularly in North America, where an opi-
oid crisis has profoundly affected the region*’. The pandemic period
showed areductioninhospital admissions, coinciding with asurgein
mortality due to drug overdose®. The increase in telehealth prescrip-
tions and decreased accessibility of healthcare during the pandemic
may have inadvertently contributed to increases in burden of DUDs".
These recent shifts are likely to influence international trends in
DUDs, highlighting need to understand global and longitudinal
trends in prevalence and burden. However, previous studies were
limited by their focus on the early phase of the pandemic, typically
up to 2021, notenough to capture the impact of COVID-19 fully, and
by their predominant emphasis on Western countries, particularly
North America*’.

Thisstudy utilized the Global Burden of Disease Study (GBD) 2023
to provide insightsinto global trends in the prevalence and burden of
DUDs from 1990 t0 2023 and assessed the impact of potential contribu-
tors such as the COVID-19 pandemic and cannabis legalization status,
whichis crucial for understanding theirimpact on health systems and
informing effective intervention strategies.

Results

Global age-standardized prevalence and DALYs (per 100,000)
of DUDs in 2023

Overall, age-standardized DALYs of DUDs increased from 169.3 per
100,000 people (95% uncertainty interval (95% Ul), 134.4-203.9) in
1990 t0 212.0 (95% UI, 179.2-245.6) in 2023 (Supplementary Table 1
and Extended Data Fig. 1). Across all DUDs, high-income countries of
GBD regions, particularly in the USA, Canada and Australia, showed
higher prevalence and DALY rates (Supplementary Tables1-5).1n 2023,
the most prevalent DUDs globally were CAUD (21.8 million estimated
cases; prevalence, 270.8 cases per 100,000 people (95% Ul, 201.7-
350.0)) and OUD (17.0 million cases; 205.9 (178.7-235.0)), particularly in
high-income countries. AUD (9.2 million cases; prevalence, 115.2 cases
per100,000 people (95% Ul, 84.7-152.7)) and CUD (4.8 million cases;
59.1(47.4-74.3)) were lesscommon, with CUD being the least prevalent
(Fig.1and Supplementary Table 1).

In 2023, global DALYs of OUD were the highest (DALYs, 153.7 per
100,000 people (95% Ul, 127.4-180.0)). High-income countries, espe-
cially the USA and Canada, showed the highest OUD-attributable DALYs
of 708.9 per 100,000 people (95% Ul, 587.1-833.8; Supplementary
Table 2). Globally, AUD and CUD contributed less to the burden, with
CAUD having the lowest burden among DUDs (DALYs, 7.8 per 100,000
people (95% Ul, 4.8-12.3); Supplementary Table 1).

The DALYs attributable to DUDs showed substantial regional
variation (Fig. 1 and Supplementary Tables 2-5). The highest
drug-attributable burdens were in high-income countries, with DALYs
attributable to AUD (DALYs, 61.1 per 100,000 people), CAUD (DALYs,
20.0), CUD (DALYs, 85.7) and OUD (DALYs, 708.9). Extended Data Fig. 2
and Supplementary Table 6 show the top 30 countries with the highest
DALYs of DUDs. In 2023, the USA had the highest burden attributable
to DUDs (DALYs, 2,229.8 per 100,000 people), with specific AUD- and
OUD-attributable DALY rates also among the highest. Most of the top
30 countries had the highest DALY of OUD.

Global trends in prevalence and DALYs, 1990-2023

Figure 2illustrates trends in age-standardized prevalence and DALYs
from1990t02023.Inthelongitudinal trend analysis, the global preva-
lence of CAUD was highestamong DUDs, with stable trends from 1990
t0 2023 (prevalence, 285.7 cases per 100,000 people (95% Ul, 211.9-
373.4)in1990; 270.8 (201.7-350.0) in 2023; Supplementary Table 1).

However, the global DALYs of CAUD were lowest among DUDs during
this period. Conversely, overall global DALYs of OUD were highest
and showed an increasing trend from 1990 to 2023 (Fig. 2 and Sup-
plementary Table 1).

Extended DataFig. 3 shows age-standardized DALYs per 100,000
people by GBD regions from1990 to 2023. Percentage change in DALYs
for DUDs by high-income countries from 1990 to 2023 showed pro-
nounced increases in all DUDs, including AUD, CUD and OUD, com-
pared with other regions, except for CAUD (Extended DataFig.4).The
high DALYs observed in high-income countries aligned with the find-
ings that countries with a high Socio-demographic Index (SDI) exhibit
the highest total burden of DALY rates across all DUDs (Extended Data
Fig.5and Supplementary Table 7).

Distributions of DALYs for DUDs by age and sex

Across all DUDs, age-standardized DALYs were higher for males than
females (Fig.3 and Supplementary Table 8). The overall burden attrib-
utable to DUDs was higher in males compared with females, mainly
because of CUD and OUD, whereas for AUD and CAUD, the difference
between the sexes was minimal. For both sexes, the highest DALYs were
for OUD across all age groups, with maximum values at groups aged
30-34 yearsin Supplementary Table 8.

Associations between DUDs

Some individuals with DUDs reported a combination of each DUD
(Fig. 4). The chord diagram in Fig. 4 shows associations between the
four types of DUDs. In 2023, OUD had significant associations with
all three other DUDs, including AUD (B, 6.46; P<0.0001), CAUD
(B,5.50; P<0.0001) and CUD (8,1.31; P< 0.0001), across 204 coun-
tries. Particularly, the strongest association among DUDs was shown
in the relationship between OUD and AUD. Furthermore, CAUD
co-occurred with other DUDs, including AUD (8,1.04; P< 0.0001), CUD
(8,2.57; P<0.0001) and OUD (8, 5.50; P< 0.0001; Fig. 4).

Burden attributable to DUDs by cannabis legalization status
Figure Sillustrates the age-standardized prevalence and DALYs per
100,000 people for DUDs across countries with different statuses of
cannabis legalizationin 2023. Significant differences were observedin
the burden of DUDs depending on the country’s cannabis legalization
status (Fig. 5 and Supplementary Table 9). Compared with countries
where cannabis use was illegal (n =125), countries permitting both
recreational and medical cannabis use (n = 33) had higher prevalence
foralltypes of DUDs, including AUD (49.34 per 100,000 people (inter-
quartilerange,104.21) versus 141.85 (172.82), P < 0.001), CAUD (197.25
(158.74) versus 436.19 (336.45), P< 0.001), CUD (10.04 (23.63) versus
88.58 (106.45), P < 0.001) and OUD (90.21(88.59) versus 120.46 (106.55),
P<0.001).Similarly, DALYs attributable to DUDs were higher in coun-
tries with more permissive cannabis policies, including those allowing
medical orrecreational use, compared with countries where cannabis
use remained illegal.

Change inthe burden of DUDs between pre-pandemic and
during COVID-19

Globally, the prevalence of AUDs showed a decreasing trend in the
pre-pandemic period and this trend was maintained during the
COVID-19 period (change in prevalence: —-1.5%in 2015-2019 and -1.3%
in 2019-2023; Fig. 6). However, countries with high SDI reported
increasing trendsin AUD prevalence both before the pandemic and
during the COVID-19 period. Increasing trendsin CUD and OUD preva-
lence were observed during the pre-pandemic period, particularly in
countries with high SDI. During the pandemic, CUD and OUD preva-
lence were both increasing; however, the magnitude of increases
was halted during the pandemic period (CUD, 6.5% in 2015-2019
versus 3.2% in 2019-2023; OUD, 13.3% in 2015-2019 versus 4.5% in
2019-2023).
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Fig.1| World map of age-standardized prevalence and DALYs per100,000
population attributable to DUDs for both sexes across 204 countries in
2023. a, Prevalence attributed to DUDs. b, DALYs attributed to DUDs. The color
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gradient, ranging from purple (low value) tored (high value), indicates the
magnitude of each estimate. Data from the Institute for Health Metrics
and Evaluation.

Decomposition analysis

Using Das Gupta decomposition analysis, changes in the number of
DALYs cases between 1990 and 2023 were decomposed into three
components, including population aging, epidemiological change
and population growth (Extended Data Fig. 6). From 1990 to 2023,
increases in global DALYs of AUD were modest, which was attributed
toincreases in population growth offsetting decreases in population
aging and epidemiological changes (Supplementary Table 10). Similar
observations were also observed for DALYs of CAUD. Furthermore,
the overall increases in DALYs of CUD and OUD were both attributed
to epidemiological change and population growth.

Discussion

The updated global estimated burden of DUDs from 1990 to 2023 in
our study aligned with previous findings, indicating anincreasein the
prevalence of DUDs since 1990". In 2023, the age-standardized preva-
lence and DALYs for all DUDs were highest in high-income countries,
particularly in the USA, Canada and Australia. While CAUD and OUD
were the most prevalent DUDs, CAUD contributed the least toburden,
whereas OUD accounted for the greatest disease burden with the high-
est DALYs. Particularly, the prevalence and burden attributable to OUD
nearly doubled between 1990 and 2023. Association analyses further
exhibited that OUD was associated with all three other DUDs, including
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Fig. 2| Global trends in prevalence and DALYs (numbers and age-standardized rate per 100,000 population) between1990 and 2023, with 95% Ul for the
comparison of DUDs by substance type. Solid lines represent median estimates, and shaded areas indicate Uls defined by the 2.5th and 97.5th percentiles of repeated

draws across plausible parameter ranges.

AUD, CAUD and CUD. Countries permitting both recreational and medi-
cal cannabis use reported higher prevalence of all DUDs and higher
DALYs compared with countries where cannabis use remained illegal.
These findings provide insights to develop proactive interventionsto
address the increasing burden of DUDs across the globe.

Disease burden attributable to DUDs varied across geographi-
cal locations and was highest in high-income countries, particularly
the USA, Canada and Australia. The high attributable burden in high-
income countries, despite a substantially higher proportion of health
expenditure to address these issues, deserves attention. In the USA
and Canada, social norms around drug use may be more permissive,
with drug use frequently normalized or even glamorized through
social media and celebrity endorsement®’. Societal acceptance likely
contributes to higher baseline demand for drugs, which, inturn, leads
to a higher disease burden attributable to DUDs®. Particularly in the
USA, irresponsible pharmaceutical marketing, over-prescription by
healthcare providers and systemic issues within the healthcare insur-
ance system have further exacerbated the burden of DUDs®**°,

However, relatively lower prevalence in other regions should not
betakenasasignoflesser concern. Countries with lower SDImay report
relatively lower prevalence and burdenrelated to diseases, potentially
due to underreporting issues influenced by societal and cultural atti-
tudes towards drug use, as well as distinct legal definitions across
countries'", For instance, region-specific substances such as khat,
kratom, raw opium and other locally used drugs, commonly associated
with DUDs, are not fully captured in current estimates. In addition,
limited surveillance capacity, weak law enforcement, social stigma, lack

of awareness about substances and tolerance of drug-related activities
inregions where drug production isamajor economicactivity canlead
to underreporting or misclassification of DUDs, particularly across the
African, South American and South Asian continents®.

Thisstudyindicated that the disease burden of DUDs varies across
regions and by the type of drug. Higher prevalence and DALYs in the
USA, Canada, the UK and Finland may be attributed to better access to
drugs, higher societal acceptance of drug use and more resources to
obtain substances'. In addition, these countries possess more robust
health surveillance systems, allowing for better detection and report-
ing of DUDs. In the USA and Canada, the opioid crisis was driven by pre-
scription opioid practices, referred to as the ‘first wave’ in the1990s>'°,
The increasing trends in OUD burden were dominated by increased
heroin use during the ‘second wave’ (2010-2013)*'°, Since 2013, the
‘third wave’ is characterized by a shift toward synthetic opioids (pri-
marily illegally manufactured fentanyl and its analogs), leading to
an accelerated OUD burden™. The USA, partly due to availability of
synthetic opioids such as fentanyl, faces a substantial disease burden
attributable to OUD, nearly double that of Canada, which has the sec-
ond highest disease burden®.

Increased potency of synthetic opioids exacerbates the current
opioid crisis, with aggressive marketing strategies from the emergence
of Dark Web cryptomarkets®’. For example, fentanyl is 30 to 40 times
more potent than heroin and can have widely varying strengths from
three times that of morphine (acetyl-alpha-methyl fentanyl) to 10,000
times (carfentanil)®. Rapid emergence of synthetic opioids, driven by
more efficient synthesis methods, alleviated regulatory environments
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of DALY cases, and lines indicate DALY rates per 100,000 population for AUD,

Male (number)
Female (number)

CAUD

200,000 .
1] L e}
8 60 3
© —_
© 150,000 1 3
e K
= r40 Qo
< o3
3 100,000 o=
3 37
9] t20 2
£ 50,000 4 =
£ =
2 s

0 0
2 <)
@ 1,500,000 - t 500 %
o IS)
£ F 400 O
= 1,000,000 1 39
a L300 O &
G T
2 I 200 ©
é 500,000 - s
3 F100 g
2 E)
0 0

CAUD, CUD and OUD. Error bars and shaded areas represent 95% Uls defined by
the 2.5th and 97.5th percentiles of repeated draws. The number of cases for AUD
and OUD in the 10-14 age group was not available, as this was not estimated.

Fig.4|Age-standardized DALYs per 100,000 population for DUDs attributed
to each drug disorder in 2023, adjusted for the legalization level of cannabis
use across 204 countries. Regression coefficients (8) from linear regression
models quantify associations between age-standardized DALYs per 100,000

Independent

OubD 0.07 0.01 0.09 NA

CuD 0.14 0.05 NA 1.31
CAUD 1.04 NA 2.57
AUD NA 0.13 0.92

AUD CAUD CuD ouD

Dependent
Association (8) - .
(0] 2 4 6

population for each disorder (AUD, CAUD, CUD and OUD). Models were adjusted
for country-level cannabis use legalization status based on 2021 classifications
across the 204 countries. NA, not available.

insource countries (for example, China) and advanced internet com-
merce, is likely to further intensify the OUD burden®.

Previous studies have raised concerns about the growing trend of
combined use of opioids with stimulants such as methamphetamine
and cocaine, which canlead to more severe health outcomes'®”. We also
showed significant associations between AUD and OUD, and CUD and
0UD, in2023"Y, Likewise, polydrug use, particularly co-use of opioids
with stimulants, is increasingly reported'®"”. A previous survey-based
cohort study reported that methamphetamine use tripled among
those who reported heroin use from 9.0% in 2015 to 30.2% in 2017%°,

partly implying the rise in stimulant-related deaths, which is espe-
cially aconcern when the drug was co-used with fentanyl. In the USA,
deaths driven by synthetic opioids co-occur with deaths attributable to
cocaine, methamphetamine and other stimulants®'®. However, further
researchis needed to fully elucidate potential consequences of shift-
ing drug use behaviors toward the co-use of opioids with stimulants.
CUD burdens were highest in high-income countries and Latin
America. This pattern reflected that Latin America acted as major
production and trafficking regions of cocaine, such as Colombia and
Bolivia (top global producers of cocaine) and Mexico, Guatemalaand

Nature Medicine | Volume 32 | February 2026 | 527-544

531


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-04137-0

a AUD CAUD CuD OuD
- — *k%k —
= 500 1 i 1,250 Xk 500 2,000 *kk
o * *kk *kk *%k
E *% *k *%
S i 400
i 1,000
2 400 1,500
o
8
S 300 750 300 o
8 1,000
9] i 200
g 200 500 -
3 |
2 100 500
Q - -
5 1 250 3 i
> i : | ﬁ
° .
& i : ks d
01 0 o4
T T T T T T T
b AUD CAUD CuUD ouD
150 ok 40 *kk 150 *kk *x
— * *kk *kk *kk
c -
ke *% *% *%
= 1,500
§ 30 |
8 100 100 -
e
8 1,000
S 20 4
=)
S’ 50 ! 50
T:; ! 500
= ‘ 7| 10 A |
3 I—— q ' ‘ H
1 ! ‘ .
] -
o' 0" o4" E': e
T T T

Legalization level of cannabis use

Illegal

Fig. 5| Age-standardized prevalence and DALYs per 100,000 population by
DUDs and cannabis legalization level across 204 countriesin 2023. a, Age-
standardized prevalence among cannabis legalization level. b, Age-standardized
DALYs among cannabis legalization level. Countries were classified according to
their cannabis use legalization status in 2021 as follows: illegal in 125 countries,
decriminalized or unenforced for recreational use in 21 countries, legal for

@ Decriminalized or unenforced for recreational use

® Legal medicaluse only @ Legal recreational and medical use

medical use only in 25 countries and legal for both recreational and medical use
in33 countries. Post hoc analysis using Dunn’s test (two-sided) was conducted to
assess differences among legalization groups, with significance levels defined
as**P<0.001,**P<0.01and *P < 0.05. Boxplots show the median at the center,
the 25th-75th percentile range, and whiskers extending to values within 1.5x the
interquartile range.

Honduras (key transit points)?, and high-income countries served as
primary consumer markets. Consequently, the top five regions for CUD
disease burdenare the USA, the US Virgin Islands, Puerto Rico, Canada
and Greenland, all characterized by their proximity to major cocaine
production regions and higher demands and societal acceptance of
drug use. For CAUD, regions with medical or full legalization, such as
New Zealand, the UK, Australia, Belgium and Canada, reported high dis-
easeburdens?. Inthe USA, although cannabis is not federally legalized,
several states permit both medical and recreational use, contributing
tothesignificant disease burden. For OUD, except for Kiribati, the top
30 countries with the highest DALYs attributable to OUD were predomi-
nantly high-income countries or higher SDI countries. As previously
mentioned, this trend may be linked to higher demand and greater
societal acceptance of opioid use in the West and high SDI regions'.
Across four types of DUDs, high prevalence rates of CAUD and
OUD present distinct patterns of estimated disease burden. While the
burden of CAUD was the lowest, CAUD is often considered a gateway
drug?, and associationanalyses indicate positive correlation with other
DUDs, including OUD, CUD and AUD. The ‘gateway hypothesis’ posits
that a drug, such as cannabis, could lower the threshold for use and
access to other substances, such as opioids*. Furthermore, underlying
behavioral developmental mechanismsin patients with CAUD coincide
with risk factors such as genetic predisposition, trauma, unstable
psychiatric symptoms, thrill-seeking, impulsivity and environmental
exposures; these factors canincrease thelikelihood of subsequent legal
and illegal substance use, opioid or other drugs*. Delay discounting,
which refers to the tendency to devalue larger future rewards in favor

of small immediate gratification, is a factor in the decision-making
process among individuals with substance misuse. This cognitive bias,
alongwith other factors, canincrease the likelihood of subsequent legal
andillicit substance use, including opioids or other drugs®.

Conversely, a high burden associated with OUD is exacerbated
by co-occurrence with other serious conditions, contributing to
worse overall disease burden. The International Agency for Research
on Cancer identified opium consumption as a human carcinogen
(Group1)inSeptember2020%. OUD substantially impacts disease bur-
denduetoseveralfactors, includingits high dependency potential, the
risk of overdose, indiscriminate needle and syringe use for injection,
aswell as complications such asinfectious diseases and mental health
disorders"*. The trend of increasing OUD-related disease burden since
1990 in high-income countries can be attributed to several factors
duetooverprescribing by the medical profession, inadequate regula-
tion and increased use of illegal heroin and synthetic opioids’. The
over-prescription of opioid painkillers, particularly in the late 1990s
and early 2000s, led to widespread misuse. Inaddition, the availability
of synthetic opioids, such as fentanyl, has further exacerbated theissue
dueto their high potency and risk of overdose®.

Socio-economic factors, including mental health issues, unem-
ployment, disparity betweenurbanand rural regions and social insta-
bility, contribute to the observed rising trend in DUDs**%. Previous
studies show strong associations between poverty, unemployment
and higher drug overdose deaths®. Regions with higher poverty and
unemployment rates generally have higher rates of retail opioid sales
and opioid prescriptions from Medicare®. In addition, rural areas
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Fig. 6| Age-standardized percentage change in prevalence of DUDs by

SDI, before and during pandemic periods (2015-2019 and 2019-2023).

a, Percentage change in prevalence per 100,000 population. b, Difference in
percentage change and comparison between pre- and during pandemic periods.

Countries were categorized into five SDIgroups according to the GBD
SDI classification, low (32 countries), low-middle (41 countries), middle
(40 countries), high-middle (47 countries) and high (44 countries).

often experience poorer healthcare infrastructure compared with
urban areas, which can limit access to addiction treatment and pre-
vention services”. These factors are often more pronounced in less
economically developed regions®. These factors combined have led
to asustained increase in OUD burden in high-income countries over
the past few decades. The socio-economic disparities were exacerbated
during the COVID-19 pandemic, potentially contributing to asharprise
inthe OUD burden®.

Higher prevalence and burden of DUDs in males compared with
females can be attributed to several factors, including sex-specific
social and cultural norms, higher rates of risk-taking behaviors and
greater exposure to environments where drugs are more accessible’.
Previous studies emphasized the need to consider sex and/or gender
differencesin response to substance use medication®. Thisapproach
isimperative for developing more effective clinical care guidelines. In
addition to sex differences, younger age groups, particularly adoles-
cents and young adults, are often at higher risk due to peer influence,
risk-taking behaviors, lower barriers to risky behaviors and social pres-
sures®. In countries with high SDI, the elevated prevalence and burden
of DUDs are driven by factors such as greater availability and access to
drugs, higher rates of prescription drug misuse and socio-economic
stressors such as mental health and unemployment?.

Theincreasing globalburden of DUDs, particularly in high-income
countries, necessitates comprehensive policy interventions. Taxation
andregulation of availability and prescription effectively reduce harms
associated with cannabis and prescribed drugs. Given the potential
role of cannabis as a ‘gateway drug), its legalization for medical and/or
recreational use, coupled with taxation and regulation, can control
its use and potentially reduce the risk and burden of other DUDs*.
Policies must address the high prevalence and burden of OUD due to

over-prescription and availability of synthetic opioids. Psychosocial
interventions have been shown to benefit patients with cannabis and
psychostimulant use disorders®*. Opioid substitution therapy involving
methadone or buprenorphine reduces opioid use, opioid-related mor-
bidity, risks of injection and mortality, and improves well-being®?. Dis-
tributing naloxone, an opioid antagonist, through community-based
programs and pharmacies can effectively reverse overdoses and miti-
gate OUDY.

Injectiondruguse, suchas with opioids, increases the risk of infec-
tious diseases transmitted via needles. Needle and syringe programs,
opioid agonist therapy and HIV antiretroviral therapy can reduce this
burden®, Policies should focus onimproving the accessibility of treat-
ment, reducing stigma and implementing preventive measures such
as needle exchange programs, supervised injection sites and opioid
substitution therapies. Addressing socio-economic factors, enhancing
mental health support and ensuring accurate reporting and diagnosis
arecritical for mitigating the burden of DUDs. Additionally, in regions
considered major suppliers of drugs or countries with lower SDI, such
as Latin America, Africa and South Asia, there are concerns about the
reliability and uncertainty of datareporting DUDs. Therefore, regular
surveys and a robust reporting system are needed to improve data
accuracy and reliability.

Implementation of proactive policies has previously shown health
benefits in tackling DUDs'. For example, in the mid-1990s, Australia
experienced a similar surge in opioid overdose deaths, but through
proactive interventions, mortality rates were reduced®*°. Australia
implemented key initiatives, such as expanding methadone treatment,
implementing syringe and needle exchange programs, reforming law
enforcement practices and establishing the first medically supervised
injection center in 2001°4°,
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GBD 2023 hasseveral limitations. First, datasources varied in qual-
ity and reliability, particularly in countries with lower SDI. Inaddition,
missing datafromregions, especially the African continent, may have
impacted the global estimates due to underreporting and thus inter-
pretations of findings. Second, the GBD did notinclude CAUD-specific
mortality estimates, resulting in DALYs based solely on nonfatal burden
(years lived with disability), which may contribute to an underestima-
tion of its overall burden?. Likewise, the reliance on DSM-IV and ICD-10
diagnostic criteria, while ensuring comparability, may resultin under-
estimation of disease burden, especially attributable to CAUD. Third,
we focused on DUDs within substance use disorders, excluding alcohol
use disorders and nicotine use disorders. Inaddition, our research pri-
marily covered amphetamine, cannabis, cocaine and opioid use, while
excludingdrugs suchaslysergicacid diethylamide, methamphetamine
and 3,4-methylenedioxymethamphetamine due to limitations of data
sources. Furthermore, regional and cultural differences in drug use
patterns and reporting may have introduced biasesin prevalence and
burden estimates®. Fourth, DUD often co-occurs with other mental
healthdisorders or chronic conditions with higher rates of comorbid-
ity. Our analysis had inherentlimitationsin accurately measuring and
attributing the burden to individual conditions when comorbidities
were present. Consequently, thereis a possibility that we may not have
fully accounted for the synergistic effects of co-occurring disorders,
potentially resulting in an underestimation of the actual disease bur-
den. Fifth, the observation period of the study included significant
changes in drug policy, particularly the legalization of cannabis in
several countries. These policy changes likely contributed to altered
reported estimates of DUDs. Therefore, further analyses are needed
to suggest theimpact of changinglegal frameworks, such as cannabis
legalization, on estimates. Sixth, the association analysis and the com-
parisons across cannabis legalization levels need to be interpreted with
caution. The observed associations among different types of DUDs do
not establish causality, and the higher burden of DUDs in countries
with cannabis legalization may be influenced by increased surveillance
and reporting rather than a direct effect of legalization. Therefore,
further controlled prospective studies with longer observation peri-
ods are needed to gainamore in-depth understanding of the impacts
of cannabis legalization. Seventh, despite efforts to standardize data
integration and modeling approaches, variations in data quality and
availability across regions may introduce uncertainties in the estimated
burden of DUDs. Specifically, the use of stringent diagnostic criteria
based on DSM-IV and ICD-10 likely excludes subclinical or less severe
cases that may be captured by surveys using broader definitions (for
example, the National Survey on Drug Use and Health in the USA).
Additionally, the global statistical modeling framework employed
by GBD, while designed to ensure cross-national comparability, may
smooth out regional variability and result in systematically conserva-
tive prevalence estimates, particularly in regions with high-quality
surveillance data. Last, while we provide global trends in the preva-
lence and burden of DUDs, further well-designed prospective studies
controlling for confounding factors are needed to estimate the risks
of DUDs more accurately’.

Inconclusion, our study highlights anincreasing global burden of
DUDs from 1990 to 2023, with high-income countries experiencing the
highest prevalence and DALYs. The greatest burdens were reported for
OUD, exacerbated by its co-occurrence with other conditions. Compre-
hensive strategies, including taxation and regulation of recreational
drugs, opioid substitution therapy, distribution of naloxone, needle
exchange programs and regulation of telehealth prescriptions, are
essential to mitigate the increasing burden of DUDs.
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Methods

Study design

The GBD 2023 quantified the burden of disease attributable to 375
diseases from 1990 to 2023 This comprehensive analysis estimated
prevalence, incidence, DALYs, years of life lost, years lived with dis-
ability and death for all diseases, covering 204 countries, and was
stratified by year, age, sex and region. In this study, we examined the
burden of disease attributable to AUD, CAUD, CUD and OUD. The
analysisincluded datafrom 204 countries over 34 years (1990-2023),
stratified by 15 age groups (from 10-14 years to 95 years and older, in
5-yearintervals), sex (male, female and both sexes), seven super-regions
(Southeast Asia, East Asiaand Oceania; Central Europe, Eastern Europe
and Central Asia; high-income countries; Latin America and the Carib-
bean; North Africaand Middle East; South Asia; and Sub-Saharan Africa;
Supplementary Table 11)' and SDI (low SDI, low-middle SDI, middle SDI,
high-middle SDIand high SDI; Supplementary Table 12)". The classifica-
tion for super-regions in this study follows the GBD 2023 definitions,
which consider not only geographic location but also factors such as
country-level gross domestic product, reflecting variations in health
and development. Age-standardized rates were calculated for overall
estimation to account for changes in population distribution within
each country over time. All analyses adhered to the Guidelines for
Accurate and Transparent Health Estimates Reporting (GATHER)*.
Thedatausedinthis analysis canbe accessed at the Global Health Data
Exchange (GHDx; https://ghdx.healthdata.org/gbd-2023/sources),
and the detailed methodology has been comprehensively outlined in
previous publications*>*,

Case definitionand input data

The case definition for nonfatal estimation of each disorder was estab-
lished using datasets derived from the DSM-1V, text revision (TR) and
ICD-10 codes. To meet the DSM-IV-TR criteria, a diagnosis was applied
when the following symptoms were reported at least three times within
al12-month period™**:

- Tolerance, indicated by either:

Arequirement for increased substance amountstoreach intoxica-
tion; or

Asignificantly reduced effect when using the same quantity of the
substance over time.

Withdrawal, identified by either:

The presence of withdrawal symptoms commonly associated with
dependence; or

The use of the same or a similar substance to prevent withdrawal
symptoms.

Consuming the substance in progressively larger quantities or
over an extended duration.

Persistent attempts to cut down or control substance use, which
prove unsuccessful.

Spending an excessive amount of time obtaining, using or recov-
ering from the substance.

Neglecting important responsibilities or activities due to sub-
stance use.

Continuing substance use despite being aware of its negative
physical or psychological effects.

The ICD and DSM-IV-TR codes for the diagnosis of nonfatal and
fatal DUDs are summarized in Supplementary Table 13. The input data
used for these estimations include vital registration records, verbal
autopsy reports, surveillance databases and systematic reviews. Data
from countries with sparse and heterogeneous records were excluded,
asthey tend to exaggerate fluctuationsin mortality counts and produce
unreliable regional patterns. These excluded datasets were primarily
from low-income countries.

Dataredistribution
Toaccurately determine the cause of death, nonspecific, unreliable or
intermediate garbage codes that were not primary ICD cause of death
codes were redistributed to appropriate categories for assigning the
underlying cause of death. ICD codes commonly associated with DUDs
asgarbage codes included those for accidental poisonings (X40-X44
and X49), exposure to unspecified factors (X59) and external causes
of undetermined intent (Y34)*. To systematically reallocate these
garbage-coded deaths to valid underlying causes of death, astructured
redistribution process was applied*’. First, garbage codes were grouped
based on their diagnostic relatedness to ensure that nonspecific or
unreliable ICD codes were classified according to their probable asso-
ciation with valid causes of death. Second, a multiple cause analysis
was performed to determine the most probable cause to which each
garbage-coded death should be reassigned. Multiple cause of death
data, whichincludeall causes listed on a death certificate, were utilized
toenhance the accuracy of this reassignment*. To refine this reassign-
ment, various statistical methods, including multinomial regression,
Bayesian regression and coarsened exact matching, were applied
to estimate redistribution probabilities based on demographic and
historical mortality patterns. GBD 2019 and 2020 updates introduced
least absolute shrinkage and selection operator regression to refine
potential underlying causes by eliminating weaker associations and
generalized linear model-based modeling to estimate the proportion
of deaths attributable to eachintermediate cause*. Data sources were
excluded where more than 50% of all deaths in a specificlocation-year
were attributed to major garbage codes to reduce the potential bias.
In addition, previous studies have shown that over 90% of drug
poisonings result from exposure to narcotics, psychodysleptics and
other drugs, predominantly occurring among individuals aged 15
to 65%. This indicated that the cases are not accidental ingestions but
rather unexpected addictions following intentional intake*®. Therefore,
to correct the misassignment of drug overdose deaths as other uninten-
tional poisonings, the GBD 2023 utilized a drug-specific redistribution
algorithm to determine the most probable substance responsible for
the fatality*’. Since many cases involve multiple substances, Supple-
mentary Table 14 outlines the selection process used to assign asingle
underlying cause. This algorithm prioritized substances with higher
fatality risks, such as opioids, when multiple drugs were recorded
and were also followed in the drug-specific redistribution process for
garbage codes (X40-X44).

Data processing and adjustment for burden estimates
Toensure consistent comparisons across cause, age, sex, location and
time, corrections wereimplemented at several stages of data process-
ing. Burden estimates with insufficient age information or missing both
age and sex data were allocated to appropriate GBD age groups and
sexes by splitting these records*>. When studies reported estimates for
broad age groups by sex along with estimates for specific age groups
combining both sexes, age-sex-specific estimates were derived using
thereported sex ratio and uncertainty bounds. If within-study sex ratios
were unavailable, ameta-analytic sex ratio estimated through Bayesian,
regularized, trimmed meta-regression (MR-BRT) was applied”. Inaddi-
tion, estimates covering wide age ranges were further disaggregated
into 5-year age groups based on age-specific patterns estimated using
the Bayesianmeta-regression tool (DisMod-MR 2.1). These adjustments
ensured consistency across age, sex and location while accounting for
potential biasin reported estimates.

If there were differences between study definitions and the opti-
mal case definition required for analysis, additional data adjustments
were conducted to ensure comparability across causes and locations,
even when reported estimates were available*. For CAUD, most stud-
ies reported prevalence based on either ‘any use’ or ‘regular use’,
requiring a two-step adjustment process”. First, ‘any use’ estimates
were converted to ‘regular use’ using a meta-analysis, which applied
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meta-analytic techniques to adjust the estimates downward. Second,
‘regular use’ estimates were converted to cannabis dependence, using
alogit-difference coefficient estimated through MR-BRT. Given that
the data patterns for individuals under 25 years of age and those aged
25 years and older differed, separate age-specific models were applied
for CAUD. For AUD, CUD and OUD both direct and indirect estima-
tion methods were employed. Direct methods relied on self-reported
data on drug use and dependence. Indirect methods combined mul-
tiple data sources to estimate the total number of cases indirectly,
utilizing multiplier methods, back-projectionand capture-recapture
approaches. Since direct estimation methods tend to underestimate
prevalence due to reporting bias and stigma, indirect methods were
considered more reliable™. To account for discrepancies between
these two approaches, the MR-BRT Crosswalk model was applied.
Giventhesimilarity in data patterns for AUD and CUD, data fromboth
disorders were combined to derive asingle adjustment factor. For OUD,
when direct prevalence data were insufficient, the indirect multiplier
method was used to integrate incomplete datasets™. In this process,
government records on the number of individuals receiving substitu-
tion therapy for opioid dependence and literature sources reporting
the percentage of individuals with opioid dependence in treatment
were utilized. A spatiotemporal Gaussian process regression (ST-GPR)
modelwas applied to estimate coverage across year, location and sex**.
The total population of individuals with opioid dependence was then
calculated using the following formula: opioid population = number
in treatment/ST-GPR estimated coverage; year, sex and location. The
estimated opioid-dependent population was subsequently divided by
the total population to derive the prevalence of OUD.

The GBD 2023 employed the concepts of severity and disability
weight to assess the burden of disease associated with DUDs, includ-
ing CAUD, CUD, AUD and OUD. The severity of the DUD was classified
into three categories (asymptomatic, mild and moderate to severe)
based onitsimpact ondaily functioning as well as mental and physical
health. Disability weights were applied to quantify the impact of each
severity level on quality of life. To determine the disability weight, data
from sources such as the US National Epidemiologic Survey on Alco-
hol and Related Conditions (NESARC), the Comorbidity and Trauma
Study and other surveys were utilized*>*. The severity distribution
was determined based on NESARC data. In cases where drug-specific
data were lacking, adjustments were applied using MR-BRT, and the
burden was estimated with DisMod-MR 2.1 to account for variations
by age, sex and country.

Modeling strategy

DisMod-MR 2.1 was the primary modeling strategy employed to esti-
mate nonfatal outcomes suchas prevalence, incidence and excess mor-
tality. To account for country-specific characteristics, country-level
covariates were incorporated into the model. For cocaine and
amphetamine, log per capita income was considered. For opioids,
log-transformed estimates of defined daily doses for statistical pur-
poses (consumption per day per million population) were included,
modeled using ST-GPR with data provided by the International Nar-
cotics Control Board. In addition, age-standardized prevalence of
intravenous drug use and the Healthcare Access and Quality Index
were included as covariates.

To assess fatal estimates such as cause-specific mortality of four
types of DUDs, the Cause of Death Ensemble model (CODEm) was
employed, stratified by year, age, sex and region for each disorder'.
CODEm is a modeling tool specifically developed for the GBD, which
evaluates the predictive accuracy of different statistical models and
covariate combinations, then aggregates these findings to calculate
cause-specificmortality burden estimates. Building on thisapproach,
the CoDCorrect process was applied to maintaininternal consistency
by aligning the unadjusted estimates of specific disorders (AUD, CAUD,
CUD and OUD) with the overall distribution of deaths attributed to the

broader ‘parent’ category of DUDs*. This adjustment ensured that
the sum of specific cause estimates did not exceed the total deaths
estimated for the parent category.

Uncertainty estimation

Uncertainty estimation was calculated by randomly sampling 500
draws from the parameter distributions, with this uncertainty then
propagated throughout each stage of the analysis. The final estimates
used the 2.5th and 97.5th percentiles of the posterior distribution to
determine the 95% UI.

Estimating association between burden and SDI

The SDI is an indicator used to assess development status, which is
closely related to health outcomes. It calculates the geometric mean
of three components: the total fertility rate for individuals under the
age of 25, the average education level for those aged 15 and older and
log per capitaincome®. On this scale, ranging from 0 to 1, an SDI of O
indicates the lowest level of development related to health, while an SDI
of 1represents the highest level. For 2021, locations were categorized
into quintiles: low SDI(0.00-0.47), low-middle SDI (0.47-0.62), middle
SDI(0.62-0.71), high-middle SDI (0.71-0.81) and high SDI (0.81-1.00)*.
Eachyear, an SDIscore was assigned to each GBD location. This study
utilized the SDIto investigate the association with DALYs attributable
to AUD, CAUD, CUD and OUD.

Statistical analysis

To comprehensively explore the associations of the disease burdens
attributed to AUD, CAUD, CUD and OUD, additional analyses were
conducted using GBD 2023. First, to examine the burdens of prevalence
and DALY of the four disorders across different levels of cannabis use
legalization, 204 countries were classified based on their legalization
status asof 2021into four groups:illegal, decriminalized or unenforced
forrecreational use, legal medical use only and legal recreational and
medical use (Supplementary Table15). Post hoc analysis using Dunn’s
test was conducted to assess the statistical significance of differences
amonggroups, with asignificance level defined at P < 0.05 (ref. 50). Sec-
ond, an association analysis was performed to intuitively understand
therelationships and potentialinterdependencies among the disorders
(AUD, CAUD, CUD and OUD). The analysis incorporated cannabis use
legalization status in each country as an adjustment factor, based on
itsstatusin2021. Alinear regression model was used to estimate the §
values, quantifying the influence of independent variables on depend-
ent variables. We included 2023 estimates of DALYs from each of the
204 countries, calculated through GBD modeling. Third, to examine
changes before and after the COVID-19 pandemic, the analysis consid-
ered two 3-year periods: 2015-2019 (pre-pandemic) and 2019-2023
(during pandemic), using 2019 as the reference point. Percentage
change was calculated for each period, and the analysis was stratified
by SDl levels to reflect variations across different socio-demographic
contexts. Fourth, a decomposition analysis was conducted to assess
the effects of population growth, aging and epidemiological changes
on AUD, CAUD, CUD and OUD from 1990 to 2023°". The analysis, for-
mulated by Das Gupta, utilizes population data, age structure and the
rate of DUDs to calculate how each factor contributes to the overall
changes®*’. Epidemiological changes refer to the adjusted change
in DUDs, accounting for age-specific structure and population size.
The impacts of evaluated factors were shown as either increases or
decreases in total cases, indicated by positive and negative values,
respectively. Alladditional analyses and visualizations were performed
using R Statistical Software (v.4.1.2; R Foundation, Vienna, Austria;
https://www.R-project.org/).

Ethics and inclusion statement
This study utilized secondary data from the GBD 2023, a large-scale
collaborative scientificinitiative designed to enable cross-comparison
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ofhealth outcomes by age, sex and geographical location. The authors
did not have access to individual-level participant data. Importantly,
the study’s findings provide region-specific estimates that are directly
relevant for policymakers and researchers. By highlighting geographic
variationsin disease burden and associated risk factors, the results can
inform the development of targeted interventions, guide resource
allocationand support evidence-based health policy planning tailored
tolocal and regional contexts.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The findings from this study were produced using data available in
public online repositories or in the published literature, data that are
publicly available on request from the data provider and datathat are
not publicly available duetorestrictions by the data provider and which
were used under license for the current study. Details on data sources
can be found on the GHDx website, including information about the
data provider and links to where the data can be accessed or requested
(where available). To download the data used in these analyses, please
visit the Global Health Data Exchange GBD 2023 website (accessed on
18 September 2025) at https://ghdx.healthdata.org/gbd-2023/sources.

Code availability

Our study follows the Guidelines for Accurate and Transparent Health
Estimates Reporting (GATHER; Supplementary Table 16). All code used
for the GBD 2023 analyses is publicly available online at https://ghdx.
healthdata.org/gbd-2023/code.
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Extended DataFig. 1| World map of age-standardized prevalence and disability-adjusted life year; DUD, drug use disorders. The color gradient, ranging
DALYsrates per 100,000 population attributable to overall drug use from purple (low value) to red (high value), indicates the magnitude of each
disorders for both sexes across 204 countries, 2023. Abbreviations: DALYs, estimate. Data from the Institute for Health Metrics and Evaluation.
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Extended DataFig. 2| Age-standardized DALYs per 100,000 population
attributable to drug use disorders for both sexes across the top 30 countries,
2023. (A) Total burden of DALYs for drug use disorders; (B) DALYs rate for each

drug use disorder. Abbreviations: AUD, amphetamine use disorders; CAUD,
cannabis use disorders; CUD, cocaine use disorders; DALYs, disability-adjusted

life year; OUD, opioid use disorders.

Nature Medicine


http://www.nature.com/naturemedicine

Article https://doi.org/10.1038/s41591-025-04137-0

A

s AUD CAUD CcuD oub

=400

3]

5 300 800

Q.

55300 600 500

8 200

o

%?200 SN 400 | ___//,__—///’—_————‘ 400

8 100

gloo——— — [

2 200 —————— 200 —
()

T 0} — —]

o2 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020

AUD CAUD CuD ouD
20

[e2]
o

75 600

15

IN
o

50 400

P 10— //
T~ 25 200

_
,_/ —

f

DALYs (per 100,000 population)

5
0 0 S
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
— Global — Latin America and Caribbean — Sub-Saharan Africa
Central Europe, Eastern Europe, and Central Asia Southeast Asia, East Asia, and Oceania — South Asia
High-income North Africa and Middle East
Extended Data Fig. 3| Regional trends in prevalence and DALYs per 100,000 Abbreviations: AUD, amphetamine use disorders; CAUD, cannabis use disorders;
population for drug use disorders by GBD regions, 1990-2023. (A) Totalburden ~ CUD, cocaine use disorders; DALYs, disability-adjusted life year; OUD, opioid
of DALYs rate for drug use disorders; (B) DALYs rate for each drug use disorder. use disorders.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-04137-0

Global

High-income

North Africa and Middle East

Central Europe, Eastern Europe, and Central Asia
South Asia

Latin America and Caribbean

Sub-Saharan Africa

Southeast Asia, East Asia, and Oceania

Global

Southeast Asia, East Asia, and Oceania

North Africa and Middle East

Latin America and Caribbean

Sub-Saharan Africa

High-income

South Asia

Central Europe, Eastern Europe, and Central Asia

Global

High-income

Latin America and Caribbean

North Africa and Middle East

South Asia

Sub-Saharan Africa

Central Europe, Eastern Europe, and Central Asia
Southeast Asia, East Asia, and Oceania

Global

High-income

Central Europe, Eastern Europe, and Central Asia
South Asia

North Africa and Middle East

Sub-Saharan Africa

Latin America and Caribbean

Southeast Asia, East Asia, and Oceania

AUD
CAUD T
CuD :_.
ou D._.Eg.
%o? 100 200 300 400 500

Percentage change in age-standardized DALYs (per 100,000 population)

Extended Data Fig. 4 | Percentage change in age-standardized DALYs per 100,000 population for drug use disorders by GBD regions, 2023. Abbreviations:
AUD, amphetamine use disorders; CAUD, cannabis use disorders; CUD, cocaine use disorders; DALYs, disability-adjusted life year; OUD, opioid use disorders.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-025-04137-0

Extended Data Fig. 5| DALY per 100,000 population of drug use disorders
for both sexes by SDI and age group, 2023. Countries were categorized into
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The findings from this study were produced using data available in public online repositories or in the published literature, data that are publicly available on
request from the data provider, and data that are not publicly available due to restrictions by the data provider and which were used under license for the current
study. Details on data sources can be found on the GHDx website, including information about the data provider and links to where the data can be accessed or
requested (where available). To download the data used in these analyses, please visit the Global Health Data Exchange GBD 2023 website at https://
ghdx.healthdata.org/gbd-2023.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender This study did not involve primary human participants. All analyses used aggregated, de-identified population-level data from
the Global Burden of Disease Study (GBD) 2023. The underlying data sources included nationally representative household
surveys, census data, administrative health records, and epidemiological studies, covering individuals across the full age
range (0-95+ years), both sexes, and all global regions. GBD estimates are stratified by age, sex, location, and Socio-
demographic Index (SDI), which capture key covariate-relevant population characteristics for modeling drug use disorders.

No primary data collection was carried out for this analysis, so the study does not involve human research participants. As
stated in the Methods section, we conducted the sex-stratified analysis to investigate the sex differences in drug use

disorders.

Reporting on race, ethnicity, or | No primary data collection was carried out for this analysis, so the study does not involve human research participants. The

other socially relevant estimates were stratified by Socio-demographic Index (SDI), which may capture aspects of socio-economic status, but the
groupings analysis did not explicitly assess race or ethnicity.
Population characteristics No primary data collection was carried out for this analysis, so the study does not involve human research participants. The

analysis utilized data from the Global Burden of Disease Study 2023 and examined the prevalence and burden of drug use
disorders across various population subgroups. These subgroups were stratified by age, sex, geographic region, and SDI,
providing a comprehensive understanding of the disparities in drug use disorders across different populations.

Recruitment No primary data collection was carried out for this analysis, so we did not recruit participants.

Ethics oversight This study was approved by the University of Washington IRB committee.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size was defined as the population of every location used in our analysis. Country-, region-, super-region, and global level populations
are estimated as part of the Global Burden of Disease Study 2023. Detailed methods are described in https://www.thelancet.com/journals/
lancet/article/P11S0140-6736(25)01917-8/fulltext. This study did not involve laboratory or experimental replication. All analyses were
conducted using standardized Global Burden of Disease (GBD) 2023 computational pipelines, which are applied independently to each
location—year—sex group. Uncertainty was quantified through 250-1,000 posterior draws for every estimate, providing the basis for 95%
uncertainty intervals.

Data exclusions | We carefully evaluated all data sources for inclusion in our study. Sources were excluded if they lacked necessary survey weight factors or
crucial demographic information such as sex or age variables. In addition, we omitted data deemed unreliable, based on assessments by
survey administrators or through our own detailed examination. This careful section process ensured the quality and completeness of the
information used in our analysis.
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Replication This a meta-analysis of existing studies with many years of cohort and other existing data. When re-applying the method to the same data, we
got the same results.

Randomization | Randomizations was not relevant to this study. This analysis is a meta-analysis of existing studies and thus, there were no experimental
groups.

Blinding Blinding was not relevant to this study, as it was an observational study using survey and surveillance data.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies & |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology & |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

XXNXNXNXNXX s
OooooOoQ

Plants

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Authentication Describe-any-atithentication-procedures for-each-seed-stock-used-ornovel-genotype-generated—Describe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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