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Abstract

Cannabis is the fourth psychoactive substance to be legalized which are of far-reaching
significance to the world. We analyzed data from the 2019 Global Burden of Disease Study
(GBD) to estimate the incidence and prevalence of cannabis use disorder (CUD) and cal-
culated the disease burden of CUD in 204 countries and territories and 21 regions over the
past three decades. We reported disease burden due to CUD in terms of disability-adjusted
life years (DALYs), age-standardized rate (ASR), estimated annual percentage change
(EAPC), and analyzed associations between the burden of CUD and sociodemographic
index (SDI) quintiles. Globally, the number of incidence cases of CUD was estimated to
be increasing by 32.3% from 1990 to 2019 and males are nearly double higher than that
of female. DALYSs increase 38.6% from 1990. Young people aged 20-24 years old with
cannabis use disorder have the highest DALYs in 2019, followed by those younger than
20 years old. India, Canada, USA, Qatar, Kenya, and high SDI quintile areas showed a
high burden of disease. Nearly 200 million individuals are cannabis users worldwide, and
CUD is a notable condition of GBD. The global cultivation of cannabis, rooted in different
cultures, diversified access to cannabis, legalization in controversy, the promotion of medi-
cal cannabis, and many other factors promote the global cannabis industry is constantly
updated and upgraded. It deserves more discussion in the future in terms of pathophysi-
ological mechanisms, socioeconomics, law, and policy improvement.
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Introduction

According to a report (United Nations Office on Drugs & Crime, 2020c) released by
the United Nations Office on Drugs and Crime (UNODC) in the year 2020, more than
a quarter of 1 billion people in the world use drugs, over 35 million people are affected
by drug use disorders, and cannabis is still the most commonly used drug by far. Unlike
other plant-based drugs that are grown and produced only in a few countries, canna-
bis is produced in almost all countries in the world. During 2010-2018, 151 countries
reported the cultivation of cannabis plants, of which the population accounted for 96%
of the global population (United Nations Office on Drugs & Crime, 2020b). The usage
of cannabis can be divided into medical cannabis and recreational cannabis; however,
this is a controversial issue still (Bostwick, 2012). Non-medical cannabis is illegal in
most parts of the world. But so far, 37 states of the USA, Canada, and Uruguay where
these jurisdictions were the first to legalize a commercial market of cannabis for rec-
reational purposes (Cannabis Laws and Regulations of Canada, n.d.; Marihuana y Sus
Derivados, n.d.; U.S. State Medical Cannabis Laws, n.d.).

Cannabis is referred to as the cannabis plant material or its extracts that contain
substantial amounts of A9-tetrahydrocannabinol (THC). THC can produce a desire for
repeated use, which in some users develop into cannabis use disorder (CUD) (Connor
et al., 2021). CUD may lead to a series of withdrawal syndromes, such as irritability,
aggression, anxiety, sleep disorder, and restlessness. In addition, long-term use of can-
nabis seems to involve underlying neurophysiological changes in reward, stress, and
executive function circuits (Zehra et al., 2018). At present, cannabis is the fourth psy-
choactive substance to be legalized after alcohol, tobacco, and coffee which are of far-
reaching significance to the world (Degenhardt & Hall, 2012). It seems to increase the
frequency and side effect of cannabis use, which leads to many adverse effects on public
health (Hall et al., 2019; Hall & Lynskey, 2020).

From 1990 to 2019, the burden of substance use disorders has increased, including
alcohol, amphetamines, cannabis, and cocaine as substance use disorders (Degenhardt
et al., 2018; Pan et al., 2020; Whiteford et al., 2013). In this research, we analyzed data
from the 2019 Global Burden of Disease Study (GBD) to estimate the incidence and
prevalence of CUD and calculated the disease burden of CUD in 204 countries and ter-
ritories and 21 regions over the past three decades. We reported disease burden due to
CUD in terms of disability-adjusted life years (DALYSs), age-standardized rate (ASR),
estimated annual percentage change (EAPC), and analyzed associations between CUD
burden and sociodemographic index (SDI) quintiles.

Method
Definition of GBD Epidemiological Parameters

CUD is defined as habitual cannabis use, cravings, and inability to reduce or stop
cannabis use despite experienced physical and/or psychological harm (Segal, 2010;
World Health Organization, 1992). For the global disease burden, the diagnostic cri-
teria for CUD were in accordance with the DSM-IV and ICD-10 (Vos et al., 2020).
The age-standardized incidence rate (ASIR), age-standardized prevalence rate (ASPR),
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age-standardized rate of DALYs (ASDR), and EAPC were used to quantify the inci-
dence trends of CUD.

DALYs is a measure of overall burden of a certain type of disease since the 90th,
expressed as the cumulative number of years lost due to ill-health, disability, or early death.
They are calculated by summing the number of years of life lost due to premature mortal-
ity (YLLs) and the number of years of healthy life lost due to disability (YLDs) (World
Health Organization, n.d.). The crude rates, including incidence, prevalence, and DALY,
are extracted by the occurrence of a certain disease in a whole population of one country
which could affected by its age distribution. Age-standardized rates are used to compare
rates of health outcome (e.g., disease incidence, prevalence, DALY, or other health-related
events) between different populations. To calculate ASR, the crude rate (the outcome rate
observed in the population) is adjusted for the age structure of the population in each coun-
try and region.

EAPC is a summary and widely used measure of the ASIR, ASPR, and ASDR trends
over a specific time period. To take ASIR as an example, a regression line was fitted to the
natural logarithm of the ASIR values, which can be represented as y=o+ px+¢€, where
y=In (ASIR) and x=calendar year. The EAPC was calculated as 100X (exp () —1), and
its 95% confidence interval (CI) was extracted from a linear regression model (Liu et al.,
2020).

Data Source and GBD Estimation Method

The GBD of CUD estimation process including case definition, input data, age and sex
splitting, data adjustment, and modeling strategy is clearly defined in the appendix 1 of sys-
tematic analysis for the Global Burden of Disease Study 2019 (Vos et al., 2020). Sources
for the disease burden data of CUD can be explored using the online GHDx (Global Health
Data Exchange) data source query tool (https://vizhub.healthdata.org/gbd-results/). We
obtained incidence number, prevalence number, DALYs, ASIR, ASPR, and ASDR of CUD
from 1990 to 2019 according to sex, 21 regions, and 204 countries and territories. Based
on the SDI which combines information about the economy, education, and fertility rate of
countries around the world, as a representation of social and economic development pre-
sent in 2019, the 204 countries or territories were divided into five quintiles: low, low-mid-
dle, middle, high-middle, and high. The general methods used in GBD 2019 are described
in detail on the official website (http://www.healthdata.org/gbd/2019), which also provides
the SDI values from 1990 to 2019 at the global, regional, and national levels. To analyze
global trends, we also assessed the trends of CUD according to the following age stratifica-
tion used in GBD 2019: <20, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59,
60-64, 65-69, 7074, 75-79, and 80 plus years old which will generally be reflecting adult
CUD, for adolescent combined into <20 group.

Incidence, prevalence, DALYs, ASIR, ASPR, and ASDR were extracted from the GBD
database. EAPC was manually estimated based on its definition. In this article, we high-
light the absolute value of incidence and prevalence, the variation of ASIR, ASPR, and
ASDR stratified by SDI over time, as well as the EAPC value of three parameters above
to be reported by splitting value into five intervals that based quintiles value. Moreover,
informed consent for accessing the GBD data was waived by the University of Washington
Institutional Review Board. This study followed the Guidelines for Accurate and Transpar-
ent Health Estimates Reporting (GATHER) (Stevens et al., 2016). All statistical processes
were conducted in R (version 4.0.3).
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Results
The Burden of CUD at the Global Level

Globally, the number of incidence and prevalence cases of CUD was estimated to be
increasing gradually, by 32.3% and 38.6% in 2019. The global DALYs of CUD in 2019
summed up 0.69 million indicate an increase of 38.6% from 1990. However, the ASIR
and ASPR are relatively stable, from 48.2/100,000 persons (95% CI=37.0 to 65.8/100,000
persons) in 1990 to 48.8/100,000 persons (95% CI=37.1 to 65.8/100,000 persons) in
2019 and 303.3/100,000 persons (95% CI=227.3 to 396.9/100,000persons) in 1990 to
303.4/100,000 persons (95% CI=226.1 to 396.2/100,000 persons) in 2019, respectively.
The ASDR was almost unchanged (Tables 1 and 2).

Of note, the number of male incidence and prevalence cases exceeds that of female
cases in any year. Also, the number of DALY's for male cases was much higher than that for
female cases in every year. It demonstrated 0.45 million (95% CI=0.28 to 0.71 million) for
males and 0.24 million (95% CI=0.14 to 0.37 million) for females in 2019, respectively.
What can be clearly seen is the continual growth of ASIR and ASPR in male and that
steady decline in female. The ASDR for males increased slightly and decreased in female,
EAPC revealed 0.04% (95% CI= —0.05-0.13%) and—0.21% (95% CI= —0.28-0.14%),
respectively. The ASDR was much higher for males than for females in any year: in
2019; it was 11.4/100,000 persons (95% CI=6.9 to 17.8/100,000 persons) for males and
6.1/100,000 persons (95% CI=3.7 to 9.5/100,000 persons) for female (Table 2).

According to the age group, DALYs peaked at 20-24 years old and the second highest
was the subgroup younger than 20 years old in 2019. In these two subgroups, males have a
much higher than females (Fig. 1).

The Burden of CUD at the National Level

Among the 204 countries and territories, those data were analyzed, the five largest number
of incidence and prevalence cases in 2019 were India, China, USA, Brazil, and Indonesia.
Compared to 1990, Indonesia replaced Japan entered to the top fifth. Countries with the
lowest number of incidence and prevalence cases were Tokelau, Niue, Nauru, Tuvalu, and
Palau (Supplementary Tables 1A and 1B).

From 1990 to 2019, the number of incidence cases sharply increased in Qatar and
Equatorial Guinea at 538.7% and 352.5%. And prevalence cases that increased the most
were in Qatar and the United Arab Emirates, at 656.3% and 357.3%, respectively. For
incidence cases, India had the largest increase rate (100.9%) and China increased slightly
(6.9%) among the five most populous countries. An obvious reduction in the number of
incidence cases was in Bosnia and Herzegovina (—54.2%) and Italy (—47.0%) (Supple-
mentary Table 1A). In terms of prevalence cases rate, India increased 116.0% and China
increased gradually at 28.9%. Bosnia and Herzegovina declined 53.1% and Italy dropped
48.1% (Supplementary Table 1B). The five countries with the highest numbers of DALYs
in 2019 were India, China, USA, Brazil, and Indonesia. Compared with 1990, the increase
of DALY was largest in Qatar and Equatorial Guinea, at 653.3% and 362.2%. Among the
five most populous countries, the increase of DALYs was largest in India (116.8%) and
all the five countries were increased. The number of DALY's reduced most significantly in
Bosnia and Herzegovina (—53.03%) and Italy (—48.10%) (Supplementary Table 1C).
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Fig.1 The distribution of DALY caused by CUD by age and gender. DALYs, Disability-Adjusted Life
Years; CUD, Cannabis Use Disorder

In 2019, ASIR and ASDR were the highest in Canada (180.5/100,000 persons, 95%
CI=157.1 to 208.6) and (35.1/100,000 persons, 95% CI=22.7 to 51.0), followed by
the USA (146.5/100,000 persons, 95% CI=109.8 to 204.6) and (28.1/100,000 per-
sons, 95% CI=16.7 to 43.9), respectively. The lowest ASIR and ASDR were Turkey
(15.3/100,000 persons, 95% CI=11.4 to 20.9) and (2.5/100,000 persons, 95% CI=1.4
to 4.1), followed by the Togo (17.5/100,000 persons, 95% CI=12.7 to 24.4) and
(2.8/100,000 persons, 95% CI=1.6 to 4.6), respectively. ASPR shares the similar trend
with ASIR and ASDR.

Over the past 30 years, the countries with the largest increase in ASIR were Kenya
and Iran (Islamic republic of), with an EAPC of 1.33% (95% CI=1.06 to 1.60%) and
1.21% (95% CI=0.98 to 1.44%), respectively. In contrast, Australia and Italy have had the
most significant declines in ASIR (Supplementary Table 1A, Fig. 2A). Chile and Kenya
also had the largest increase in ASPR, with EAPCs of 1.45% (95% CI=1.26 to 1.63%)
and 1.41% (95% CI=1.12 to 1.70%), respectively. However, Italy and Australia expe-
rienced the greatest decline in ASPR (Supplementary Table 1B, Fig. 2B). The highest
EAPCs of ASDR were Chile and Kenya. The decreases were largest in Italy for ASDR,
with EAPCs= —1.02% (95% CI= —1.25 to—0.79%) (Supplementary Table 1C). All the
ASIR, ASPR, and ASDR changed very little in the five most-populous countries. Posi-
tive trends in EAPC of DALY on the top five ones were Chile (1.50%), Kenya (1.43%),
Colombia (1.38%), Iran (Islamic Republic of) (1.38%), and Rwanda (0.87%), while nega-
tive trends were Italy (— 1.02%), Australia (—0.99%), Netherlands (—0.81%), Bosnia and
Herzegovina (—0.78%), and Dominica (—0.69%) (Supplementary Table 1C, Fig. 2C).
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Fig.2 A The global EAPC of incidence rate. B The global EAPC of prevalence rate. C The global EAPC
of DALY rate. EAPC, Estimated Annual Percentage Change; DALY, Disability-Adjusted Life Years

The Burden of CUD at the Regional Level

Overall, the numbers of incidence cases, prevalence cases, and DALYs for the 21
regions were mostly increased from 1990 to 2019. However, Australasia, Central
Europe, Eastern Europe, Western Europe, and High-income Asia Pacific decreased.
Among the 21 analyzed regions, South Asia presented the highest number of incidence
cases (1.04 million, 95% CI=0.77 to 1.46 million), prevalence cases (6.10 million, 95%
CI=4.47 to 8.23 million), and DALY (0.18 million, 95% CI=0.10 to 0.27 million) in
2019 (Tables 1 and 2).
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The ASIR and ASPR were stable over 30 years in most regions, with only slightly wax-
ing and waning. High-income North America showed the highest ASIR in 2019, at about
149.3/100,000 persons (95% CI=114.7 to 203.8/100,000 persons), while it was lowest
in Western Sub-Saharan Africa at 21.9/100,000 persons (95% CI=16.2 to 30.7/100,000
persons). ASPR of these two regions showed the same trend with ASIR. The ASDR in
all regions was relatively stable, with only slightly fluctuating. For those five regions that
incidence, prevalence cases and DALY's decreased which mentioned above, and the ASDR
in these regions showed steady decreased as well. Australasia, Central Europe, Eastern
Europe, Western Europe, High-income Asia Pacific, High-income North America, and
Southern Sub-Saharan Africa demonstrated negative percentage change in all age DALYs.
In addition, the ASDR was highest in High-income North America, at about 28.7/100,000
persons (95% CI=17.4 to 44/100,000 persons) and lowest in Western Sub-Saharan Africa,
at about 3.7/100,000 persons (95% CI=2.2 to 5.9/100,000 persons) in 2019.

The highest EAPCs of ASIR and ASPR revealed Southern Latin America, at 0.46%
(95% CI=0.38 to 0.55%) and 0.64% (95% CI=0.56 to 0.71%), while the lowest were
Australasia, at—0.80% (95% CI=-0.96 to—0.65%) and—0.81% (95% CI=—1.01
to—0.62%), respectively. EAPC of DALYs showed the similar trend with ASIR and ASPR
(Tables 1 and 2).

The Burden of CUD at the SDI-Quintile Level

From 1990 to 2019, the incidence cases and DALYs for high, high-middle, and middle
SDI-quintile areas showed stable trends, but in low-middle and low SDI are showed sig-
nificant growth that almost doubled in incidence cases. In 2019, the incidence cases for the
middle SDI and low-middle SDI-quintile areas were becoming higher than the high SDI-
quintile region, which was at the top of 1990. The trends of high, high-middle, low-mid-
dle, and low SDI-quintile areas in prevalence cases are similar to incidence cases, but the
prevalence cases of middle SDI-quintile area increased significantly at 55.5%, from 4.12
million (95% CI=2.94 to 5.61 million) to 6.40 million (95% CI=4.73 to 8.41 million)
(Tables 1 and 2).

Over the past 30 years, the five quintiles of ASIR have been relatively stable, with the
highest rate occurring in the high SDI-quintile area at around 107.9/100,000 persons (95%
CI = 83.6 to 146.5 per 100,000 persons). The rest of the regions had ASIRs ranging from
35.5 to 48.5/100,000 persons (Table 1). What is striking in Fig. 3A is the highest ASIR
of the high SDI-quintile area, the rest of the four quintiles were below global values. The
trend of ASPR and ASDR indicated the similarity with ASIR (Fig. 3B and C).

Discussion

This study presents three levels of epidemiological parameters, starting with incidence,
prevalence, and DALYs, followed by ASIR, ASPR, and ASDR, and finally, EAPC
describes trends over 30 years. Among these, the first-level parameters are affected by the
population structure of the corresponding countries and territories, which describes the
actual disease status and burden. Second-level parameters facilitate comparisons between
countries or regions for CUD burden, as age-standardized methods remove the impact of
age structure. Finally, the third-level parameters summarize CUD trends changes over time.
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Fig.3 A The age-standardized incidence rates (per 100,000 persons) trends of CUD from 1990 to 2019 at
SDI quintiles level. B The age-standardized prevalence rates (per 100,000 persons) trends of CUD from
1990 to 2019 at SDI quintiles level. C The age-standardized DALY rates (per 100,000 persons) trends of
CUD from 1990 to 2019 at SDI quintiles level. SDI, Sociodemographic Index; DALYs, Disability-Adjusted
Life Years; CUD, Cannabis Use Disorder
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During the past three decades, the global incidence and prevalence cases of CUD
have been escalating. In 2019, the incidence cases for males and females were 2.42 mil-
lion and 1.32 million, respectively. And the prevalence cases were 15.63 million and
8.21 million for males and females. What stands out are the incidence and prevalence
of males are nearly double higher than that of females. Some studies indicated males
reported using cannabis more frequently and in higher quantities than females. Social
factors that limit cannabis exposure and reduce the likelihood of females include more
awareness of risk, decreased cannabis use among peers, and greater childcare responsi-
bilities (Cooper & Craft, 2018; Cuttler et al., 2016).

In terms of age, young people aged 20-24 years with CUD had the highest DALY
in 2019, followed by those younger than 20 years old. The high DALYs of adolescents
increased the global burden of disease of CUD. Adolescent cannabis users showed a series
of deficits such as slower psychomotor speed, poorer attention and memory, and disability
in planning and sequencing (Medina et al., 2007). Heavy usage of cannabis during adoles-
cence will cause neurocognitive deficits and functional impairment in the future. The more
frequently and began using cannabis at an earlier age experienced worse outcomes and
long-lasting effects (Feeney & Kampman, 2016; Meier et al., 2012; Tapert et al., 2008).
Adolescent cannabis use will increase the risk of anxiety, depression, schizophrenia, and
even increase the possibility of suicide (Gobbi et al., 2019; Malone et al., 2010). This may
be closely related to adolescent neuroplasticity and neurocognitive development (Simpson
& Magid, 2016). In addition, the 20-24 years old could be regarded as a transitional age
group who will be forward from children to adults. It is necessary to pay more attention to
the impact of transition-age individuals who use cannabis every day at the second-highest
illicit drug except alcohol (Feeney & Kampman, 2016).

India had the highest incidence, prevalence, and DALYs from 1990 to 2019. India,
China, and the USA have always been among the top three, which is related to the two
largest countries in the world with the population base of India and China. Additionally,
the highest DALY's was in the USA in 1990, and in 2019, it shifted to India. India showed
the largest increase in DALYs, at 116.8%. The use of cannabis in India has a history of
thousands of years and is deeply rooted in Indian legends, religions, and religious rituals
(Aroonsrimorakot, 2019). Among them, bhang, charas, or ganja used for religious activi-
ties and sacrifices has been passed down to nowadays. According to the National Drug
Dependence Treatment Center (NDDTC) report, Indian CUD is second only to alcohol
abuse, about 2.8% of the population (31 million individuals) reported having used any
cannabis product within the previous year (National Drug Dependence Treatment Cen-
tre & All India Institute of Medical Sciences, 2019). Its popularity also showed a shock-
ing degree and the epidemic of CUD in the young generation has also assumed alarming
dimensions. However, different states have their own laws regarding the consumption, pos-
session, sale, or purchase of cannabis (Dube & Dhingra, 2020). Many of the above reasons
may have affected India’s very high incidence, prevalence, and DALYs of CUD.

In 2019, the highest ASDR and ASPR were in Canada and the USA, respectively. The
legalization of commercial cannabis production for medicinal and recreational purposes
in North America may change the global cannabis market (Hall et al., 2019). Legaliza-
tion and decriminalization of cannabis may increase the regular use of cannabis users
and, in the long term, increase the harm associated with use, because it will make more
effective cannabis products cheaper and more readily available. After the legalization
of cannabis in some states in the USA, the numbers of users, combined drug overdose,
and the hospital admission rate have also gradually increased, which has increased the
burden of disease to a certain extent (Zvonarev et al., 2019). However, some studies
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revealed that as the use of medical cannabis increases, the number of opioid prescrip-
tions, dependence, and the number of opioid poisoning patients who are receiving opi-
oid treatment have declined (Bachhuber et al., 2014; Bradford et al., 2018; Liang et al.,
2018; Wen & Hockenberry, 2018).

Over the past three decades, Qatar has dramatically increased 538.7% in incidence
and a 656.3% increase in prevalence. Although Qatar has a small size of population, as
one of the countries with the highest per capita GDP, it attracts people from all over the
world to work and live in this country (De Bel-air, 2014). Between 2007 and 2017, sub-
stance use disorders in Qatar rose from the third to the top cause of disability. The gov-
ernment has transformed addiction from a criminal issue to a public health issue, try-
ing to legislate to improve and reduce substance abuse (Alabdulla et al., 2022). Kenya
has high EAPC of ASIR, ASPR, and ASDR due to the country has complex histori-
cal, political, and economic origins of cannabis abuse (Ndanyi, 2021). Poverty, political
instability, social unrest, and refugee issues in Africa have led to the rapid spread of
psychoactive substance use, especially among young people. Low educational attain-
ment is a risk factor for cannabis use disorder (Ngarachu et al., 2022; Odejide, 2006).

Our results indicate that the incidence cases, prevalence cases, and DALYs of CUD
in 21 regions of the world have generally increased, but Australasia, Europe, and High-
income Asia Pacific have declined. High-income North America had the highest ASIR
in 2019, while sub-Saharan Africa had the lowest. Australasia, Western Europe, Central
Europe, Eastern Europe, High-income Asia Pacific, High-income North America, and
Southern Sub-Saharan Africa indicated negative percentage change in all age DALYs.
According to a report released by UNODC in 2020, there were an estimated 192 mil-
lion cannabis users worldwide in 2018, equivalent to 3.9% of the global population aged
15-64. Cannabis use in the past year was significantly higher than the global averages
in North America (14.6%), Australia and New Zealand (10.6%), and West and Central
Africa (9.3%). The decline in the incidence and prevalence of cases in the appealed
regions may be due to the increase in the number of cannabis users worldwide, while
these regions have remained stable, and statistics have shown a relative decline (United
Nations Office on Drugs & Crime, 2020c).

From 1990 to 2019, the incidence of cases and DALY in the high, middle, and mid-
dle SDI-quintile demonstrated a stable trend, but the incidence of cases and DALY in
the low-middle and low SDI areas indicated a significant increase, and the incidence
of cases almost double change. Reports revealed that the higher socioeconomic classes
had higher annual prevalence of drug use, while the lower socioeconomic classes had
higher rates of drug dependence. People living on the margins of society are often more
likely to switch from recreational drug use to full-scale drug abuse and drug depend-
ence because treatment facilities that intervene in the early stages of the drug occu-
pation are often unaffordable (United Nations Office on Drugs & Crime, 2020a). The
prevalence of high, middle, low, middle, and low SDI-quintile showed similar trends
as the incidence of cases, but the mid-SDI-quintile areas increased significantly, with
an increase of 55.5%. The ASIR, ASPR, and ASDR in the high SDI quintile areas are
the only areas much higher than the global average, and the remaining quartile areas are
all lower than the global average. The dynamics driving the current global drug mar-
ket expansion and increasing complexity are multifaceted, including demand-driven,
supply-driven, and control-driven (United Nations Office on Drugs & Crime, 2020a).
However, among adults living in high-income countries, drug abuse disorders are often
more common in socioeconomically disadvantaged groups (United Nations Office on
Drugs & Crime, 2020d).
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Limitation

There are some limitations to our study. First, data gaps, variable data quality, and uncer-
tainty after modeling with these data will overestimate or underestimate the disease burden
of CUD. For example, an important change in the estimated cause of death that restricts
the use of all substances is the ICD code. Some countries have additional codes that allow
more accurate causes of death to be attributed to specific substances, which leads to data
uncertainty. Second, public health and data collection in some countries are relatively
weak, and it is doubtful whether CUDs of disease burden are accurately reflected. Third,
GBD uses the ICD-10 system to classify injuries and diseases. The introduction of DSM-V
by the American Psychiatric Association included a shift from DSM-IV abuse and depend-
ence to a category of use disorder, defined as mild, moderate, and severe in severity. Mod-
erate to severe substance use disorders in DSM-V may be higher than DSM-IV and ICD-
10 dependence, which means that if DSM-V prevalence estimates are used, the estimated
burden of substance use disorders may be higher (Pan et al., 2020). Fourth, more and more
evidence showed that there is a causal relationship between cannabis use and traffic acci-
dents, and whether accidental injuries are included in the disease burden of CUD is still
controversial.

Furthermore, we observed inconsistencies from similar studies. Besides the above
limitations, we also found examples of significant differences in findings between
regional studies and the GBD database. Based on the data from the GBD database,
we can conclude that the incidence of CUD, prevalence, and DALY in the European
region have declined over the last three decades. However, the study by Manthey et al.
expressed the fact that cannabis use and related problems in Europe, estimated using
data from the European Monitoring Center for Drugs and Drug Addiction (EMCDDA)
survey, have increased over the last decade (Manthey et al., 2021). The prevalence
of CUD on GBD data is estimated and adjusted based on any type of cannabis use
including originally reported cannabis use, regular (ie. weekly) cannabis use, and
cannabis dependence. The different trends between two research have questioned the
CUD estimates. This may be due to the fact that CUD data from statistical models is
smoothed estimates and that GBD input data has some inherent problems. Some stud-
ies (Manthey & Rehm, 2019; Xia & Huan, 2017) have also questioned the consistency
of selected GBD estimates, and therefore, the CUD prevalence estimation procedures
need to be revisited and improved. Another consideration is that the validity of CUD
estimates may vary from country to country, which limits the comparability of esti-
mates across countries.

Conclusion

Nearly 200 million individuals are cannabis users worldwide, and CUD is a notable risk
factor for the global burden of diseases. Especially, males have a higher incidence and
prevalence of cases, whereas females should not be underestimated. The global cultiva-
tion of cannabis, rooted in different cultures, diversified access to cannabis, legalization in
controversy, the promotion of medical cannabis, and many other factors promote the global
cannabis industry is constantly updated and upgraded. Adolescents’ exposure to cannabis
during the transitional period leads to a range of neuropsychiatric sequelae, neurodevelop-
mental disorders, and varying degrees of anxiety, depression, and cognitive dysfunction
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appearing in adults with CUD, exacerbating the disease burden of CUD. With the pan-
demic of COVID-19, lifestyles have undergone fundamental changes and the world eco-
nomic landscape has undergone a complex and profound transformation as well. CUD still
deserves more discussion in the future in terms of pathophysiological mechanisms, socio-
economics, law, and policy improvements. Even though the CUD estimates from GBD did
not parallel survey-derived prevalence estimates of cannabis use, weakening the confidence
in the GBD data, this does not detract from the fact that the GBD database is still the most
consistent source of data to reveal the burden of certain kind of disease in global level.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11469-022-00999-4.
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