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Background: This study used data from the Global Burden of Disease Study (GBD) database to systematically assess the magnitude of drug use disorders (DUD) burden between 1990 and 2021.

Methods: This study used GBD data to analyze the trends in ASIR, DALYs and other DUD indicators from 1990 to 2021, and compared them among different regions and countries. The Estimated Annual Percentage Change (EAPC) and its 95% Confidence Interval (CI) were calculated to assess the temporal and geographical disparities. ASIR and DALYs were used to evaluate the burden of DUDs, and socio-demographic index (SDI) was used to measure the socio-economic development level of each country.

Results: The global ASIR of DUDs showed a slight downward trend (EAPC = −0.26). The age-standardized DALY rate (per 100,000) significantly declined from 1990 to 2021 (EAPC = −1.44). Among the regions, the high SDI region exhibited the most substantial increase in ASIR (EAPC = 0.65). On a regional level, the high-income North America region had the highest EAPC for both age-standardized DALYs and ASIR (EAPC = 4.82, 1.02, respectively). Nationally, the United States of America reported the largest increase in age-standardized DALY rates and EAPC for ASIR (EAPC of 4.88, 1.05, respectively), while South Africa had the most significant decrease in EAPC (EAPC of −3.62, −1.52, respectively). In 2021, the highest ASIR was observed in high-income North America at 520.07; Central Asia had the highest age-standardized DALY rate. Globally, age-standardized DALYs and ASIR for DUDs were generally higher in men than in women, and the burden of DUDs decreased with age.

Conclusion: The global burden of DUDs has shown complex and changing trends over the last decades, with large differences in burden between regions and countries. This highlights the need for targeted public health policies and interventions in High income North America region and Eastern Europe.
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1 Introduction

Drug use disorders (DUDs) are characterized by the persistent and compulsive consumption of specific drugs for non-medical purposes, primarily to achieve particular psychological effects. These disorders can result in significant psychological, physiological consequences, and social problems (1–3). Such issues may include cognitive impairment, suicidal ideation, a reduction in quality of life, and an increased risk of infectious diseases (4–7). According to the Global Burden of Disease, Injuries, and Risk Factors Study (GBD) 2021, DUDs are among the top 20 causes of Disability-Adjusted Life Years (DALYs) in individuals aged 10–49 (8). The World Drug Report 2023 indicates that over 296 million people worldwide used drugs in 2021, with the number of individuals suffering from DUDs reaching 39.5 million—a 45% increase over the past decade (9). Despite this, only one in five individuals with drug-related disorders receives treatment, and regional disparities in access to such treatment continue to widen.

According to the United Nations Office on Drugs and Crime report, 284 million people aged 15–64 years worldwide will have used drugs in 2020.DUD seriously affects the physical and mental health of drug abusers, resulting in public health and safety problems such as AIDS (10). In particular, DUDs are recognized as chronic and relapsing brain diseases that can disrupt brain function by restoring reward pathways and changing synaptic plasticity (11). Although psychological withdrawal and medication may alleviate symptoms, DUDs remain a major global public health problem (12).

In the current global health scenario, having updated information on the burden of DUDs is important for public health policy and healthcare delivery. This will help countries to develop more effective policies that are targeted toward specific populations. Therefore, this study aims to comprehensively assess the magnitude and temporal trends of the global burden of DUDs from 1990 to 2021 using the most recent estimates of DUDs burden from GBD 2021. It also assesses the inequalities in the global burden of DUDs by age, sex, and age-standardized incidence rate (ASIR) and DALY (8).



2 Methods


2.1 Data collection and case definition

The GBD provides comprehensive estimates of risk exposure and health loss attributable to risk factors worldwide, utilizing all relevant available data. The methods for data collection, processing, and analysis in GBD 2021 are detailed elsewhere (13). GBD 2021 estimated relevant metrics across 23 age groups, from birth to 95 years and older. It includes data for males, females, and all sexes combined, covering 204 countries and territories, which are organized into 21 regions and seven super-regions. GBD regions consist of countries and territories that are geographically close and epidemiologically similar. These regions are further grouped into super-regions based on patterns of causes of death. Burden data for DUDs were obtained from the Institute for Health Metrics and Evaluation (IHME).1 This paper reports burden data on DUDs including age-standardized incidence and age-standardized DALY rate (per 100,000), Age standardized rates (ASRs) (per 100,000), and SDIs by age, sex, country and region from 1990 to 2021 (14). In GBD 2021, DUDs are defined based on the diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) or International Classification of Diseases (ICD-10), including Opioid Use Disorder, Cocaine Use Disorder, Cannabis Use Disorder, Amphetamine Use Disorder and Other DUDs (15). The latter category includes Hallucinogenic Dependence, Inhalant or Solvent Dependence, Sedative Dependence and Other DUDs. This study was based on a publicly available databases and does not require ethical approval.



2.2 Socio-economic development indicators

The SDI is a composite index that includes the lagged distribution of per capita income, average years of schooling, and female fertility rate under 25 years old. It is used as a comprehensive measure of socioeconomic development (8). The GBD study uses the human development index methodology to calculate the composite SDI, which is defined as the geometric mean of the three covariates mentioned above (16). The values of SDI range from 0 to 1, indicating different levels of socio-economic development, with higher values indicating better development. The sample was divided into 21 regions and 204 countries based on the SDI according to their social development status: Low SDI, Low-middle SDI, Middle SDI, High-middle SDI, and High SDI.



2.3 Statistical analysis

The statistically analyzed data were presented by age, sex, year, region, and country, accompanied by a 95% uncertainty interval (UI). The analysis included point estimates along with their corresponding 95% confidence intervals (CIs), which represent the 25th and 95th percentiles of the distribution, were extracted to account for estimation uncertainty. In GBD 2021 study, covariates were added and time smoothing was performed to improve the stability of results. ASR (17) were estimated based on global standardized population of GBD study (2021). To assess trends in ASR over specific time intervals, linear regression model and natural logarithmic transformation were fitted to the data. The goodness of fit of the model was evaluated by bias. The model assumes that the natural logarithm of ASIR (Y) is linear with respect to calendar year (X), with random bias (ε). Y = α + βX + ε where β represents the direction and magnitude of the ASIR trend. To evaluate the time trend, we introduced the Estimated Annual Percentage Change (EAPC) metric and calculated EAPC as EAPC = 100 × (exp (β) − 1) (18–20). A downward trend was defined when the upper limit of 95% CI of EAPC was less than 0; an upward trend of burden was defined when the lower limit of 95% CI of EAPC was greater than 0; otherwise, the trend was stable. Furthermore, associations between EAPC, DUDs-related burden and SDI were assessed using Pearson or Spearman rank tests. All statistical analyses and visualizations were conducted using R software (version 4.0.3),2 and a two-tailed p < 0.05 was considered statistically significant.




3 Results


3.1 Temporal trends in the burden of substance use disorders, 1990–2021

Globally, the incidence of DUDs was 13,609,362.3 in 2021, which was higher than that in 2019 (11,163,596.9). The number of DALY cases was 15,562,161.5 in 2021, which was higher than that in 1990 (10,100,720.7) (Supplementary Table S1; Figures 1A,B). In addition, the ASIR for all ages in DUDs decreased from 206.18 (95% UI: 174.39; 238.74) in 1990 to 169.39 (95% UI: 145.14; 195.01) in 2021 with an EAPC of −0.26 (95% UI: −5.46; 5.22) (Table 1; Figures 1B, 2B, 3AD). Meanwhile, the age-standardized DALY rate (per 100,000) decreased from 742.17 (95% UI: 597.93; 879.88) in 1990 to 489.81 (95% UI: 391.39; 593.21), with an EAPC of −1.44 (−7.63; 5.18) (Table 1; Figures 1A, 2A, 3BC).
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FIGURE 1
 EAPC of ASRs of drug use disorders from 1990 to 2021, by locations. (A) Age-standardized DALY rate (B) ASIR. DALY, disability adjusted life-year; ASIR, age standardized incidence rate; ASRs, age standardized rates.




TABLE 1 Age-standardized DALY rate and ASIR and corresponding EAPC for global DUDs in 1990 and 2021.
[image: Table1]
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FIGURE 2
 ASRs drug use disorders in 2021, by locations. (A) Age-standardized DALY rate (B) ASIR. DALY, disability adjusted life-year; ASIR, age standardized incidence rate; ASRs, age standardized rates.
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FIGURE 3
 ASRs of drug use disorders, by locations and sexes. (A) EAPC of ASIR; (B) EAPC of age-standardized DALY rate; (C) Age-standardized DALY rate in 2021; (D) ASIR in 2021. DALY, disability adjusted life-year; ASIR, age standardized incidence rate; ASRs, age standardized rates.


The ASIR varied substantially among SDI subgroups from 1990 to 2021. The High SDI region had the largest increase in ASIR (EAPC = 0.65), and the Middle SDI region had the largest decrease (EAPC = −0.59) (Table 1; Figure 1B). The age-standardized DALYs also differed significantly among SDI subgroups, with all SDI regions showing a decreasing trend. The greatest reduction was observed in the High SDI region (EAPC = −3.19), and the least reduction was observed in the Low-middle SDI region (EAPC = −0.32) (Table 1; Figure 1A). In different country regions, both prevalence and age-standardized DALY rate decreased initially as the SDI increased up to 0.75, then increased as the SDI continued to rise. When only the SDI was considered, Qatar had a significantly higher ASIR and age-standardized DALY rate than expected, and the Republic of Korea had a significantly lower rate than expected (Supplementary Figure S5).

Of the 21 geographic regions, both male and female EAPCs were highest in the High-income North America region (EAPCs of 4.82, 4.80, and 4.85, respectively) and lowest in Southern sub Saharan Africa (EAPCs of-3.22, −3.32, and −3.11, respectively) (Figures 3B,C; Supplementary Figure S3). The age-standardized incidence rate was highest for both sexes in High-income North America (EAPC 1.02, 1.23, and 0.85 respectively) and lowest for both sexes in Southern sub-Saharan Africa (EAPC-3.22, −3.32, and −3.11 respectively) (Supplementary Figure S4; Supplementary Table S3). The age-standardized incidence rate was highest for males and lowest for females (EAPC of −1.27, −1.23, and −1.34, respectively) (Supplementary Figure S4; Supplementary Table S3). Of the 204 countries, the United States of America had the largest increase in DALY, with EAPCs of 4.88, 4.86, and 4.93 for male and female respectively, while South Africa had the largest decrease, with EAPCs of −3.62, −3.81, and −3.43 for female, respectively, (Supplementary Figure S3; Supplementary Table S1) In terms of incidence, the United States of America had the highest increase in both male and female populations(Supplementary Figure S4; Supplementary Table S3), with EAPCs of 1.05, 1.28, and 1.12 respectively, while South Africa had the largest decrease in both male and female populations, with EAPCs of −1.52, −1.64, and −1.42, respectively, (Supplementary Figure S4; Supplementary Table S3). Low-middle SDI regions have the highest EAPCs for ASIR and these are higher for males than for females, while high-income North America regions have the highest EAPCs and these are higher for females than for males for age-standardized DALY rates. The EAPC is highest in the High-income North America region and this is higher for females than for males (Figures 3A,B). Overall, from 1990 to 2021, the global EAPC for the age-standardized DALY rate was lower for women than for men (EAPCs of 1.414 and 1.629 respectively), and the EAPA for the ASIR was higher for women than for men (EAPCs of 1.229 and 1.21 respectively) (Figures 3A,B).



3.2 Distribution of the burden of DUDs at the national and regional levels, 2021

The highest ASIR was reported in high-income North America (520.07 [454.13; 592.82]) and the lowest in Western Sub-Saharan Africa (94.68 [79.60; 111.36]); the highest age-standardized DALYs rate was found in Central Asia (1,243.96 [979.87; 1,537.34]) and the lowest in high-income Asia Pacific (128.42 [100.73; 159.17]). According to the World Health Organization (WHO), among 204 countries worldwide, the United States of America had the highest age-standardized DALY rate (per 100,000) and ASIR for DUDs in 2021 without considering gender(1,944.08 and 531.19, respectively), while Nigeria and Kenya had the lowest rates (33.93 and 86.25, respectively) (Supplementary Figures S3A, S4A; Supplementary Tables S1, S3).

The global age-standardized incidence and DALY of DUDs decreased with age in 2021. Zimbabwe had the highest proportion of DUDs incidence and DALY among individuals aged 15–19 and 25–29 years (1,736.673 and 4,838.232, respectively). The highest proportion of DUDs incidence and DALY was observed in Zimbabwe’s 15–29 year olds within the corresponding age groups (Supplementary Tables S1, S2; Supplementary Figure S2). However, the highest proportion was observed in the 30–49 year olds within the corresponding age groups, namely Australia for those aged 30–40 years and Paraguay for those aged 45–49 years (Supplementary Tables S1, S4; Supplementary Figure S1). Regarding sex, the age-standardized DALY rate and ASIR of DUDs were higher in males than females across all 21 regions. Globally, the age-standardized DALY rate was significantly higher in males at 1,077,455. 21(851,106.38; 1,324,784. 32) than in females at 1,018,345. 20 (788,246.88; 1,258,056. 70). Similarly, the global ASIR was also higher in males at 598.14 (479.64; 722.15) than in females at 392.51 (312.52; 473.79) (Table 1; Figures 3C,D).




4 Discussion

This study found that the global ASIR and age-standardized DALY rate for DUDs both declined. There was a gender difference in the global burden of DUDs. There are significant regional variations in the burden of DUDs. The burden of DUDs decreases with increasing age. The trends in ASIR varied significantly across different SDI regions.

Globally, the disease burden associated with DUDs is quantified using the age-standardized DALY rate and ASIR, which have remained relatively consistent over the past three decades. It is widely recognized that examining temporal trends and attributable risk factors can provide valuable insights for the development of prevention and control policies. Furthermore, DALYs serve as a measure of disease burden that health policymakers address promptly to benefit the nation, society, families, and individuals as a whole.

This study conducted a systematic analysis of the global burden of DUDs and its trends from 1990 to 2021, using data sourced from the GBD database. Both the global ASIR and age-standardized DALY rate for DUDs demonstrated a decline over this period, suggesting a potential positive trend in mitigating the health impacts of DUDs worldwide. The decreasing rate of age-standardized DALYs implies a reduction in the severity of DUDs when assessed. This could be attributed to advancements in medical interventions that have curtailed premature death and disability among individuals with DUDs (21). The prevalence of DUDs is influenced by factors such as region, country, age, and gender (2), and heightened awareness of DUDs, coupled with more effective social support systems, may also contribute to reduced rates of DALYs (22). Furthermore, the High income North America region warrants special attention due to its highest age-standardized DALY rate (per 100,000) and ASIR for DUDs in 2021, potentially attributable to higher rates of marijuana, opioid, and cocaine dependence in the region (23).

Gender differences in the global burden of DUDs have also been reported, with males generally having a higher burden than females (24). Biological sex differences (including brain structure and function, endocrine function, and metabolic function) and gender roles are all contributors to this disparity (25). In addition, there are substantial regional variations in the burden of DUDs. For example, High income North America has the highest EAPC for age-standardized DALY rate DALYs and ASIR, which may be due to the high prevalence of substance abuse and relatively high drug availability in this region (26). On the other hand, the low EAPC values in sub-Saharan Africa may reflect the limited healthcare resources and lower diagnosis rates in this region (27).

The present study also found that the burden of DUDs decreased with age. Marijuana is considered a relatively safe recreational drug, but repeated use during adolescence can affect resting brain connectivity, intelligence and cognitive functioning (28). The prevalence of DUDs and DALYs are higher among adolescents in many countries, so preventive measures and interventions should be implemented for younger populations to reduce the health impact of DUDs (29). In some countries such as Zimbabwe, the burden of DUDs is high among adolescents and young adults, which may be related to socioeconomic stress, poor education opportunities and employment prospects (30). The slight decrease in ASIR may be due to global prevention and treatment strategies for DUDs (31). However, the trends of ASIR were different across SDI regions. The significant decrease in ASIR in Middle SDI regions may be related to sustained public health policies, medical resource allocation and disease prevention and control. All SDI regions showed a decreasing trend in DALY rate, especially in High SDI region, indicating that economic development and social progress play an important role in reducing disease burden (13).

This study has several strengths. First, the data used in this study were derived from the GBD (1990–2021), which is a high-quality and reliable source of information. Second, this study comprehensively analyzed the global burden of DUDs over the past three decades in different regions, periods, and factors. Third, the results of this study have important implications for public health policy formulation. For instance, countries and regions facing a high burden of DUDs should first strengthen regulations on addictive substances, followed by increasing health interventions aimed at addressing drug addiction among young people. However, there are some limitations to this study. First, the burden of DUDs may be underestimated due to limited data availability, especially in low-income countries. Second, although age, sex, country, and SDI were considered in this study, genetics, living environment, and individual psychological characteristics were not taken into account when assessing the burden of DUDs. Finally, the processing methods and modeling techniques used in this study may affect the accuracy of data assessment to some extent.



5 Conclusion

In conclusion, the global burden of DUDs based on GBD data showed a slight decrease in ASIR, a significant reduction in DALYs, and marked differences in gender, age, region, and SDI. These results highlight the need for targeted prevention and intervention strategies, and that socioeconomic development is an important factor in reducing disease burden. This study highlights the serious threat that DUDs pose to global health and emphasizes the importance of developing effective strategies to address this issue. Preventive and therapeutic measures should be tailored to the specific needs of different regions and populations. International cooperation and knowledge sharing are also essential for tackling the global DUD epidemic.
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