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ARTICLE INFO ABSTRACT

Background: Drug-induced chronic liver disease (DICLD) is concerned due to its threat to health, but there are
few data about its global burden. We evaluated the trends in the burden of DICLD in 204 countries in thirty years
via the Global Burden of Disease (GBD) database.

Methods: Death rates and disability-adjusted life year (DALY) rates of DICLD from 1990 to 2019 were the main
outcomes. The global DICLD burden and health development status were assessed by age, sex, year, location, and
sociodemographic index (SDI) quintiles. Trends were estimated via a joinpoint regression model (JRM).
Results: The global death rates of DICLD declined from 2.59 per 100,000 population in 1990-2.50 per 100,000
population in 2019 (-3.60%), and DALY rates declined from 89.59 per 100,000 population in 1990-82.17 per
100,000 population in 2019 (-8.28%). In 2019, the most severe deaths and DALY losses caused by DICLD were
mainly concentrated in Europe, Asia and Africa, with a wide distribution in Europe and the most significant in
Eastern Europe. Males had higher death rates and DALY rates than those of females, although they were de-
clining. Old patients, especially those aged > 75 years, had a greater risk of DICLD. The death rates and DALY
rates were the highest in low-middle-SDI countries.

Conclusions: This study revealed the global burden of DICLD on death rates and DALY rates, which were slightly
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decreased during the study period. More efforts are needed to better prevent and manage DICLD.

Introduction

Drug-induced liver injury (DILI) is an adverse reaction to drugs that
occurs either as a predictable event when an individual is exposed to
toxic doses of some compounds or as an unpredictable event with many
drugs in common use.' Drugs can be harmful to the liver in susceptible
individuals owing to genetic and environmental risk factors.” DILI re-
mains a complex issue for medical providers to treat, given the nu-
merous types of potential causal medications and the risk of further
severe liver injury. The consequential hepatic injury has been noted to
range in severity from mild to severe, even leading to liver failure.’
Whereas toxic liver damage usually presents as acute hepatitis viral-like
syndrome or acute cholestasis, it has long been recognized that DILI can
be associated with the development of progressive liver fibrosis and
cirrhosis if treatment with the implicated drug is not discontinued.”

* Corresponding author.

Persistence of DILI has been described after an acute episode of DILI,
long after discontinuation of the implicated drug. The prevalence rate
of chronic diseases, also known as drug-induced chronic liver disease
(DICLD), varied widely among DILI patients from 5.7% to 39%.”

DICLD can usually be defined as the persistence in the biochemical
abnormalities and/or histological damages for more than a period after
drug withdrawal. The period could be 3 months, 6 months or one year
according to different definitions.” The manifestations of DICLD include
non-alcoholic fatty liver disease, vascular lesions, drug induced auto-
immune hepatitis, chronic cholestasis leading to vanishing bile duct
syndrome and even cirrhosis.® Thus, DICLD could cause a remarkable
disease burden, including death and disability-adjusted life years
(DALYs), which calls for special attention.” It is important to inform
healthcare systems and policy makers of the importance of DICLD
prevention and treatment.
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Table 1
DaeatE/DALY rates of DICLD in 1990 and 2019, and EAPCs in death/DALY rates by sex from 1990 to 2019 (per 100,000 population).
Factor Deaths DALYs
ASR (95% UI) EAPC (95% CI) ASR (95% UI) EAPC (95% CI)
1990 2019 1990 2019
Overall 2.59 (2.08-3.21) 2.50 (2.07-2.98) -0.22 (-0.35 to —0.09) 89.59 (72.03-110.36) 82.17 (68.05-98.33) -0.39 (-0.53 to —0.25)

Male 4.13 (3.40-5.00)
Female 1.14 (0.83-1.52)

3.93 (3.30-4.66)
1.17 (0.91-1.47)

-0.24 (-0.36 to —0.13)
-0.08 (-0.25-0.09)

142.12 (116.30-172.89)
37.89 (26.86-49.87)

129.10 (108.00-154.44)
36.60 (28.51-45.63)

-0.40 (-0.53 to —0.27)
-0.27 (-0.46 to —0.09)

DICLD: drug-induced chronic liver disease; DALY(s): disability-adjusted life year(s); ASR: age-standardized rate; UI: uncertainty interval; EAPC(s): estimated annual

percentage change(s); CI: confidence interval.

Determining the burden of DICLD worldwide is difficult given the
diverse cultures, traditions, healthcare systems and lack of consistent
reporting systems and definitions. It is not surprising that few data are
available. Thus, we carried out this study to analyze the spatiotemporal
trends in the global DICLD burden from 1990 to 2019 via the Global
Burden of Disease (GBD) study database.

Methods
Data sources

This study was based on data obtained from the Global Burden of
Disease (GBD) study, which is presently being coordinated by the
Institute for Health Metrics and Evaluation (IHME). The GBD 2019
study conducted an epidemiological assessment of 256 causes of
death, 369 diseases and injuries, and 87 risk factors from 204
countries and territories.® The data on DICLD are derived from the
GBD 2019, which employs established and standardized methodo-
logies—including case definitions, ICD coding, and statistical mod-
eling—to estimate the burden of chronic liver diseases attributable to
drug use. All death and DALY rates in this study are age-standardized
and are presented per 100,000 population in all figures and tables.
Since the GBD 2019 database does not contain disease data for in-
dividuals aged 0-14 years, this age group was excluded from this
study. To describe the evolution process of the disease from the in-
itial stage to the late stage in detail, we adopted a five-year age di-
vision method.

The death rate is an important indicator for measuring the level of
economic development, the allocation of medical resources, or the
public health environment of a country or region. With the develop-
ment of modern medical models and the transformation of population
health concepts, the loss of health status and the evaluation of quality of
life are also important. DALYs include both the loss of life caused by
premature death caused by disease and the loss of health caused by
disability and are important indicators for quantitatively calculating the
burden of disease. Our study analyzed the temporal and spatial dis-
tribution trends of the burden of DICLD worldwide from 1990 to 2019,
using death rates and DALY rates as evaluation indicators.’ The disease
burden was analyzed by age, sex, year, and location. We also evaluated
the correlation between the disease burden and the sociodemographic
index (SDI), which is an indicator of a country’s or region’s social de-
velopment level, considering education rates, economic conditions, and
total fertility rates.'” As a common analytical model in epidemiology,
the joinpoint regression model (JRM) divides the overall trend of the
DICLD burden into several nodes for fitting, achieving the effect of
staged observation and analysis and avoiding the objectivity of tradi-
tional methods that are only judged based on linear trends.'’ The an-
nual percentage change (APC) was used to evaluate the internal trends
of each independent interval via a piecewise function, whereas the
average annual percentage change (AAPC) was used to comprehen-
sively evaluate the global average change trend at multiple intervals.

Statistical analyses

All the estimates were reported as rates per 100 000 people, with
95% uncertainty intervals (Uls). Estimated annual percentage changes
(EAPCs) were used to evaluate trends in death rates and DALY rates
over a specific period, with 95% confidence intervals (CIs) reported.
The indicator was recognized to experience an upward trend if the 95%
CI of the corresponding EAPC estimation was > 0, to experience a
downward trend if the 95% CI was < 0 and to be stable if the 95% CI
included 0. The JRM was used to calculate the APC, AAPC and 95% CI.
The analysis was configured to allow a maximum of 5 joinpoints, which
was determined to be optimal for capturing the significant trend tran-
sitions over the 30-year study period. The final model was selected
using a Monte Carlo permutation test at a significance level of 0.05. The
data analysis of APC and AAPC were consistent with those of EAPC, and
the difference was statistically significant when the P value was
< 0.05. A sensitivity analysis confirmed that the primary trends and
the significance of the AAPC were robust when varying the maximum
number of joinpoints. All analyses were performed with Joinpoint
software (version 4.9.1.0) and R software (version 4.3.2).

Results

Trends in death/DALY rates of DICLD in different countries and territories
worldwide from 1990 to 2019

We have assessed the burden of DICLD from 1990 to 2019, and
found that the globally death rates and DALY rates have been decreased
during this period. As shown in Table 1, the global death rates of DICLD
declined from 2.59 (2.08-3.21) per 100,000 population in 1990-2.50
(2.07-2.98) per 100,000 population in 2019 (a relative decrease of
3.60%), and the overall death rates showed a downward trend
[EAPC= -0.22 (-0.35 to —0.09)]. The DALY rates declined from 89.59
(72.03-110.36) per 100,000 population in 1990-82.17 (68.05-98.33)
per 100,000 population in 2019 (a relative decrease of 8.28%), and the
overall DALY rates also showed a downward trend [EAPC= -0.39
(-0.53 to —0.25)] (Table 1).

We further analyzed the trends in the DICLD burden at the country
level, and the detailed data are shown in Fig. 1 and Table S1. Although
the overall trends are declining, DICLD clearly tends to turn red in some
countries, indicating an increase in DICLD deaths and DALYs (Fig. 1).
We also selected the countries and areas with the greatest changes in
death rates and DALY rates caused by DICLD between 1990 and 2019,
and ranked them according to the EAPCs in Table 2. In 2019, Turk-
menistan had the highest death rates and DALY rates, but their growth
was not the fastest. The fastest growth was in the Republic of Lithuania
[EAPC = 5.31 (4.19-6.44)], and the fastest decline was in the Republic
of Korea [EAPC = -3.73 (-4.08 to —3.38)]. Europe was the most af-
fected by DICLD, and the Republic of Lithuania, Republic of Armenia,
Republic of Belarus, Russian Federation and Ukraine were all located in
Eastern Europe, facing serious threats from DICLD (Fig. 2, Table 2).



K. Qian, L. Yu, J. Zhu et al.

Precision Medication 3 (2026) 100075

Deaths (per 100,000 population)

DALY'S (per 100,000 population)

Fig. 1. Global prevalence burden of DICLD in 204 countries and territories (per 100,000 population).

Trends in death/DALY rates of DICLD by age group and sex from 1990 to
2019

The death rate of DICLD for males declined from 4.13 (3.40-5.00)
per 100,000 population in 1990-3.93 (3.30-4.66) per 100,000 popu-
lation in 2019 (a relative decrease of 4.90%), whereas death rate for
females increased from 1.14 (0.83-1.52) per 100,000 population in
1990-1.17 (0.91-1.47) per 100,000 population in 2019 (a relative in-
crease of 2.46%) (Table 1). Even though the death rate for males has
declined, males still occupy a high position. The EAPC indicated that
the death rate for males tended to decrease, whereas that for females
did not significantly change [male: EAPC= -0.24 (-0.36 to —0.13),
female: EAPC= -0.08 (-0.25-0.09)] (Table 1).

In terms of DALY rates, the number of males declined from 142.12
(116.30-172.89) per 100,000 population in 1990-129.10
(108.00-154.44) per 100,000 population in 2019 (a relative decrease of
9.17%), whereas the number of females declined from 37.89
(26.86-49.87) per 100,000 population in 1990-36.60 (28.51-45.63)
per 100,000 population in 2019 (a relative decrease of 3.40%), both
showed decreasing trend [male: EAPC= -0.40 (-0.53 to —0.27), female:
EAPC= -0.27 (-0.46 to —0.09)] (Table 1).

From the perspective of age groups, the death rates and DALY rates
in the 75- to 95-year-old group increased, whereas those in the 35- to
69-year-old group tended to decrease, and the lowest point appeared in
the 40- to 44-year-old group (Fig. 3A, Table S2). There seemed to be an
increasing trend in death rates and DALY rates in the 15- to 29-year-old
group, but the EAPC interval included 0 and was considered to have no
significant change.

Trends in death/DALY rates of DICLD by 5 SDI quintiles from 1990 to 2019

Among the countries with 5 sociodemographic index (SDI) quintiles,
the low-middle-SDI countries had the highest death rates and DALY
rates of DICLD both in 1990 and 2019. The death rates for low-middle-
SDI countries increased from 3.26 (2.52-4.15) per 100,000 population
in 1990-3.40 (2.71-4.22) per 100,000 population in 2019 (a relative
increase of 4.29%) (Fig. 3B).

In addition, the death rates and DALY rates of middle-SDI countries
strongly decreased. Its death rate declined from 2.55 (1.99-3.22) per
100,000 population in 1990-2.14 (1.72-2.63) per 100,000 population
in 2019 (a relative decrease of 16.08%), and the DALY rates was de-
clined from 88.03 (68.78-110.96) per 100,000 population in
1990-68.72 (55.24-84.25) per 100,000 population in 2019 (a relative
decrease of 21.94%). The death rates and DALY rates of middle-SDI
countries were the lowest in the 5 SDI quintiles, followed by high-
middle-SDI countries (Fig. 3B). However, the EAPCs of the 5 SDI
quintiles all included 0, indicating that the death risk of DICLD had no
obvious change in each SDI quintile and that the difference has always
existed (Table 3).

JRM analysis of the developmental characteristics of DICLD worldwide from
1990 to 2019

There were 5 turning points in the global death rate curve of the
DICLD from 1990 to 2019, which occurred in 1994, 1999, 2003, 2008
and 2014. The APC indicated that the death rates of DICLD tended to
increase in the two periods of 1990-1994 and 1999-2003. However,
since 2008-2019, this trend has been fundamentally reversed, and the
death rates have begun to decrease significantly, especially during
2008-2014 (Fig. 4A, Table S3).

Moreover, DALY curve also showed a similar trend (Fig. 4B). Spe-
cifically, during the two periods of 1990-1995 and 1998-2003, DALY
rates tended to increase. However, it showed a downward trend from
2008 to 2019 (Fig. 4B, Table S3). This trend was highly consistent with
the changing trend of death rates. Judging from the division of periods,
the burden of DICLD stopped increasing after 2003 and it began to
gradually reduce since 2008.

In addition, from the perspective of sex, the death rates and
DALY rates of males in DICLD were much higher than those of fe-
males (Fig. 4). During the period of 2008-2014, it was precisely
because of the significant decline of male death rate and DALY rates
that the burden of DICLD was greatly reduced. This discovery in-
itially confirmed that males were the main bearers of DICLD burden
(Fig. 4, Table S3).
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Death/DALY rates of DICLD in 1990 and 2019, and EAPCs in death/DALY rates in typical countries and territories from 1990 to 2019 (per 100,000 population).

Location Metric ASR (95% UI) EAPC (95% CI)
1990 2019
Trends with Increasing Rates
Republic of Lithuania Deaths 0.62 (0.34-1.02) 2.36 (1.40-3.64) 5.31 (4.19-6.44)
DALYs 24.09 (13.12-40.73) 94.12 (55.76-142.68) 5.41 (4.27-6.57)
Republic of Kazakhstan Deaths 2.04 (1.41-2.88) 6.63 (4.72-9.19) 4.83 (4.07-5.60)
DALYs 65.31 (46.24-90.19) 216.73 (152.31-299.63) 4.87 (3.92-5.82)
Republic of Armenia Deaths 0.45 (0.24-0.79) 1.52 (0.90-2.40) 4.81 (4.11-5.51)
DALYs 15.59 (8.17-28.39) 53.12 (31.43-82.31) 4.86 (4.07-5.56)
Republic of Belarus Deaths 0.95 (0.68-1.30) 2.75 (1.81-4.03) 4.42 (3.22-5.64)
DALYs 31.81 (23.20-42.82) 101.66 (67.55-147.72) 4.71 (3.40-6.03)
Russian Federation Deaths 1.21 (0.99-1.46) 3.84 (3.07-4.75) 4.06 (3.13-4.99)
DALYs 42.02 (34.73-50.48) 149.67 (119.67-185.71) 4.48 (3.45-5.53)
Ukraine Deaths 1.81 (1.50-2.17) 5.94 (4.60-7.60) 3.96 (3.09-4.83)
DALYs 62.08 (51.86-74.06) 243.88 (188.29-312.24) 4.53 (3.55-5.52)
Turkmenistan Deaths 3.25 (1.91-4.88) 7.16 (5.03-11.01) 3.01 (2.69-3.32)
DALYs 116.74 (68.22-170.40) 291.90 (189.53-423.30) 3.33 (3.01-3.65)
Republic of Chad Deaths 0.03 (0.01-0.05) 0.05 (0.03-0.10) 2.63 (2.51-2.75)
DALYs 0.83 (0.40-1.54) 1.78 (0.86-3.29) 2.75 (2.64-2.86)
Lebanese Republic Deaths 0.74 (0.37-1.27) 1.40 (0.59-2.51) 2.61 (2.38-2.84)
DALYs 24.61 (12.33-43.58) 44.02 (19.27-77.46) 2.45 (2.19-2.71)
Kingdom of Morocco Deaths 0.64 (0.34-1.12) 1.23 (0.72-1.97) 2.44 (2.23-2.65)
DALYs 21.50 (11.39-37.75) 37.42 (21.44-60.63) 2.16 (1.98-2.35)
Trends with Decreasing Rates
Republic of Korea Deaths 1.65 (0.99-2.57) 0.74 (0.50-1.09) -3.73 (-4.08 to —3.38)
DALYs 63.71 (37.41-99.54) 24.40 (16.62-35.53) -4.25 (-4.58 to —3.91)
Hungary Deaths 1.32 (0.70-2.41) 0.83 (0.46-1.39) -3.33 (-3.84 to —2.28)
DALYs 51.59 (25.96-93.80) 29.15 (16.43-48.58) -3.87 (-4.41 to —3.32)
Republic of Italy Deaths 4.60 (3.87-5.35) 2.23 (1.91-2.58) -2.78 (-2.94 to —2.61)
DALYs 141.94 (122.97-160.92) 61.45 (53.25-70.51) -3.15 (-3.32 to —2.97)
Portuguese Republic Deaths 2.63 (1.62-3.97) 1.39 (0.97-1.98) -2.51 (-2.61 to —2.41)
DALYs 97.31 (59.15-141.21) 46.58 (32.70-65.74) -2.89 (-3.02 to —2.76)
Republic of Singapore Deaths 0.47 (0.30-0.68) 0.25 (0.16-0.35) -2.41 (-2.59 to —2.23)
DALYs 15.86 (10.49-22.69) 7.03 (4.87-9.79) -3.06 (-3.23 to —2.88)
Republic of Mauritius Deaths 6.94 (5.08-9.19) 4.14 (2.99-5.54) -2.38 (-2.67 to —2.09)
DALYs 242.29 (181.50-319.01) 137.60 (98.04-184.00) -2.58 (-2.89 to —2.27)
People's Republic of China Deaths 3.34 (2.68-4.11) 1.84 (1.45-2.29) -2.22 (-2.37 to —2.07)
DALYs 111.76 (88.17-139.00) 55.83 (44.04-68.72) -2.58 (-2.72 to —2.44)
Grand Duchy of Luxembourg Deaths 2.54 (1.82-3.59) 1.44 (1.03-2.01) -2.18 (-2.30 to —2.05)
DALYs 85.55 (62.05-117.93) 43.69 (31.34-60.26) -2.59 (-2.68 to —2.49)
Republic of Slovenia Deaths 4.16 (2.60-6.53) 2.55 (1.65-3.81) -1.89 (-2.15 to —1.64)
DALYs 146.00 (93.21-220.97) 78.89 (51.45-115.78) -2.39 (-2.64 to —2.13)
Republic of Maldives Deaths 4.21 (2.44-6.19) 2.69 (1.98-3.57) -1.81 (-2.03 to —1.58)
DALYs 132.11 (77.41-197.61) 71.25 (53.11-93.00) -2.42 (-2.71 to —2.12)

DICLD: drug-induced chronic liver disease; DALY(s): disability-adjusted life year(s); ASR: age-standardized rate; UI: uncertainty interval; EAPC(s): estimated annual

percentage change(s); CI: confidence interval.

The AAPC interval for the overall death rates indicated that the
change was insignificant. However, the overall DALY rates showed a
downward trend. Both the death rate and DALY rate for males tended to
decrease (Table 4). Although the changes in the overall death rates or
DALY rates of females were insignificant, the APCs during certain time
periods exhibited statistically significant differences. This further con-
firmed that males faced a greater risk of death in DICLD. Over time, the
male death rate and DALY rate gradually decreased, leading to a re-
duction in the burden of DICLD.

Discussion

To the best of our knowledge, this is the first study to evaluate the
global burden of DICLD, thereby filling a critical evidence gap left by
previous investigations that were largely confined to clinical case re-
ports and specific drug analyses. Our systematic, population-level as-
sessment reveals that the overall global death and DALY rates of DICLD
have decreased from 1990 to 2019. The male death rate decreased
significantly, whereas the female death rate remained stable. Both sexes
showed a decrease in DALY rates. DICLD was affected by age, and in-
dividuals aged over 75 years had more severe burden. The low-middle-
SDI countries had the highest death rates and DALY rates among all

countries. Moreover, 5 turning points in the global death rate curve of
DICLD were identified in this study.

Our study provides a comprehensive evaluation of the distribution
of the DICLD burden and its 30-year change patterns on a global scale.
The death rates and DALY rates caused by DICLD have shown a
downward trend over time, but the death rate decreased by only 3.60%
at the end of this study. Our study emphasizes the necessity of pre-
ventive strategies for DICLD. In terms of prevention, rational use of
drugs is highly important to avoid any side effects.'? It is necessary to
strictly grasp the indications and correct dosage and methods of med-
ication and increase the supply of medication safety consulting ser-
vices.'® We should accelerate the promotion of scientific knowledge
and methods for liver protection and provide a sound medical welfare
system.

Although the overall burden is decreasing, it can be seen from the
world map that the death rates and DALY rates of DICLD in some
countries showed an increasing trend, such as the Republic of Lithuania
and the Republic of Kazakhstan are increasing. There were also some
countries where the risk of DICLD death was decreasing, such as
Republic of Korea and Hungary. There were many reasons for this
difference in different countries and territories, including different
living habits, natural ecological environment, demographic
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Central Asia: Republic of Kazakhstan, Turkmenistan.
East Africa: Republic of Mauritius.
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Central Africa: Republic of Chad.
Fig. 2. Death/DALY rates in countries and territories with the deepest impact of DICLD in 1990 and 2019 (per 100,000 population).
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Table 3
Death/DALY rates of DICLD in 1990 and 2019, and EAPCs in death/DALY rates by the 5 SDI quintiles from 1990 to 2019 (per 100,000 population).
Factor Deaths DALYs
ASR (95% UI) EAPC (95% CI) ASR (95% UI) EAPC (95% CI)
1990 2019 1990 2019
High-SDI 2.39 (1.98-2.91) 2.63 (2.26-3.06) 0.36 (-0.60-1.33) 82.60 (68.52-100.47) 81.76 (70.92-94.83) 0.01 (-0.98-1.02)
High-middle-SDI 2.53 (2.09-3.04) 2.26 (1.91-2.69) -0.37 (-1.71-0.98) 84.92 (70.65-101.79) 75.94 (63.94-89.87) -0.33 (-1.68-1.03)
Middle-SDI 2.55 (1.99-3.22) 2.14 (1.72-2.63) -0.78 (-2.22-0.68) 88.03 (68.78-110.96) 68.72 (55.24-84.25) -1.06 (-2.54-0.45)
Low-middle-SDI 3.26 (2.52-4.15) 3.40 (2.71-4.22) 0.03 (-1.17-1.23) 114.79 (88.92-145.59) 114.75 (91.58-141.86) -0.15 (-1.37-1.09)
Low-SDI 1.95 (1.41-2.61) 2.14 (1.57-2.83) 0.31 (-0.63-1.25) 68.62 (49.33-91.80) 69.45 (50.70-93.59) 0.01 (-0.92-0.95)

DICLD: drug-induced chronic liver disease; DALY(s): disability-adjusted life year(s); SDI: sociodemographic index; ASR: age-standardized rate; UI: uncertainty

interval; EAPC(s): estimated annual percentage change(s); CI: confidence interval.

characteristics, medical technology and national health awareness, and
DICLD has become a public health problem that cannot be ignored."*'®
More efforts are needed for these countries.

Our study revealed a clear sex disparity in the burden of DICLD.
Although both sexes were affected, males consistently carried a heavier
burden from 1990 to 2019, with higher death and DALY rates than
females. While the decline in male deaths over this period was more
significant, their absolute rates remained disproportionately high. The
biological and behavioral underpinnings of this disparity are likely
multifactorial and complex. Crucially, evidence suggests that the

relationship between sex and DICLD is not uniform but is often drug-
specific. For instance, certain medications, such as anabolic steroids,
are associated with DILI almost exclusively in males, while others like
nitrofurantoin and methylprednisolone pose a greater risk to fe-
males.'”'® This underscores that sex-linked differences in drug ex-
posure, metabolism, and concomitant comorbidities (e.g., alcohol-re-
lated liver disease) may be key confounders driving the overall male
predisposition observed in our study.'® > Further epidemiological and
mechanistic studies are needed to delineate the precise contributions of
these factors.
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Fig. 4. Temporal trend of the global burden of DICLD from 1990 to 2019 (per 100,000 population). (A) Overall trend in death rates. (B) Overall trend in DALY rates.

*: P value < 0.05.
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Table 4
AAPC results of the global burden of DICLD from 1990 to 2019.
Factor Deaths DALYs
Joinpoints AAPC (95% CI) P value Joinpoints AAPC (95% CI) P value
Both 5 -0.1 (-0.3-0.0) 0.063 5 -0.3 (-0.5 to —0.1) 0.002
Male 5 -0.2 (-0.3-0.0) 0.014 5 -0.3 (-0.5 to —0.2) < 0.001
Female 5 0.1 (-0.2-0.3) 0.529 3 -0.1 (-0.3-0.0) 0.127

DICLD: drug-induced chronic liver disease; DALY(s): disability-adjusted life year(s); AAPC: average annual percentage change; CI: confidence interval.

Additionally, aging has an impact on the burden of DICLD. The
death rates and DALY rates of DICLD began to increase from the age of
45 years, and the risk increased along with the ages. While a young
liver has an astounding capacity for regeneration after liver injury, the
hepatic reserve decreases over time, particularly after age 60 years.**
On the other hand, as people aging, their physical function decreases,
their immune system weakens, and they are more susceptible to
DICLD.” Additionally, polypharmacy is prevalent in old patients,
which increases the risk of DICLD.** Thus, prevention and treatment of
DICLD is an area of special concern for the elderly population.

There were significant differences in the burden of DICLD among
different SDI countries, and this difference has not undergone a trans-
formation. From 1990-2019, the countries with the heaviest disease
burden of DICLD were low-middle-SDI, ranking first all the time. The
relatively lower burden in high-middle-SDI countries may be related to
the rapid development of medical technology, more assessible medical
resources and the improvement of people's health awareness in these
SDI countries in recent 30 years.”> However, the observed low burden
in low-SDI countries is likely multifactorial. While lower drug con-
sumption might be a potential contributor”®, it is also plausible that
substantial underdiagnosis and under-reporting due to limited health-
care access are the primary drivers for the low recorded rates.

Our study also indicated that the global death rates of DICLD
showed a particularly prominent downward trend from 2008 to 2014,
and the changes in DALY rates tended to be consistent, indicating that
the DICLD related prevention and control measures taken globally in
the past decade have had a certain positive effect. For example, World
Hepatitis Day on July 28, 2011, may have drawn high attention to
DICLD and promoted the popularization of DICLD screening and pre-
vention measures.”” With advancement in medical technology and in-
novations in drugs, the diagnosis and treatment level of DICLD has been
continuously improved, which has improved the survival rate and
quality of life of patients.**>°

This study is subject to several limitations inherent to the GBD 2019.
First, a fundamental constraint is the general lack of sufficient DICLD-
related data globally. This issue stems from the absence of a unified
diagnostic standard and inadequate screening, which often leads to
diagnosis only at late disease stages. Consequently, our analysis is
constrained by a lack of case records spanning the full disease spectrum.
Second, our findings are inherently influenced by the GBD's modeling
processes. We rely on statistically imputed and adjusted estimates ra-
ther than raw data, which introduces a layer of uncertainty.
Furthermore, significant differences in data quality among countries, a
key issue tied to the variability of national reporting systems, pose
another challenge. These disparities are mainly due to the maturity of
medical record systems, the uniformity of data collection standards, and
unequal investments in healthcare resources. Although the GBD em-
ploys robust techniques to adjust for these disparities, residual bias
from under-diagnosis in regions with limited healthcare resources is
likely to persist. Therefore, our findings are best interpreted as re-
flecting the 'diagnosed and reported' burden rather than the true burden
in the general population, and this must be considered when inter-
preting the observed spatiotemporal trends. Finally, uncertainties exist
regarding disease coding and statistical interpretation. The specific

codes used may not capture all DICLD cases uniformly, and regional
differences in coding practices could lead to misclassification.
Moreover, EAPC results with wide confidence intervals should not be
overinterpreted without corroborating evidence. Readers are therefore
urged to consider these methodological and data-related uncertainties
when interpreting the study's findings.

Conclusion

This study assessed the global burden of DICLD and revealed that
DICLD is a serious issue that threatens the health of people worldwide.
The death rates and DALY rates caused by DICLD have decreased over
time, but at a small extent. DICLD still represents a serious disease
burden in some countries and areas, especially in Eastern Europe. Male
patients, older patients, and those who live in low-middle-SDI countries
have a greater burden of DICLD. Our study strongly highlights the
importance and necessity of global DICLD prevention and management
efforts, which will help alleviate the burden of global DICLD and
maintain global health.
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