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Abstract
Background This study aimed to assess the global, regional, and national burden of liver cirrhosis and other chronic 
liver diseases between 1990 and 2019, considering five etiologies (hepatitis B, hepatitis C, alcohol use, NAFLD and 
other causes), age, gender, and sociodemographic index (SDI).

Methods Data on liver cirrhosis and other chronic liver diseases mortality, incidence, and disability-adjusted life years 
(DALYs) were collected from the Global Burden of Diseases, Injuries, and Risk Factors (GBD) Study 2019.

Results In 2019, liver cirrhosis and other chronic liver diseases accounted for 1,472,011 (95% UI 1,374,608-1,578,731) 
deaths worldwide, compared to 1,012,975 (948,941-1,073,877) deaths in 1990. Despite an increase in absolute 
deaths, the age-standardized death rate declined from 24.43 (22.93–25.73) per 100,000 population in 1990 to 18.00 
(19.31–16.80) per 100,000 population in 2019. Eastern sub-Saharan Africa exhibited the highest age-standardized 
death rate (44.15 [38.47–51.91] per 100,000 population), while Australasia had the lowest rate (5.48 [5.05–5.93] 
deaths per 100,000 population in 2019). The age-standardized incidence rate of liver cirrhosis and other chronic liver 
diseases attributed to hepatitis B virus has declined since 1990, but incidence rates for other etiologies have increased. 
Age-standardized death and DALYs rates progressively decreased with higher SDI across different GBD regions and 
countries. Mortality due to liver cirrhosis and other chronic liver diseases increased with age in 2019, and the death 
rate among males was estimated 1.51 times higher than that among females globally.

Conclusion Liver cirrhosis and other chronic liver diseases continues to pose a significant global public health 
challenge. Effective disease control, prevention, and treatment strategies should account for variations in risk factors, 
age, gender, and regional disparities.
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Introduction
Liver cirrhosis and other chronic liver diseases ranks as 
the 14th most common cause of death globally, contribut-
ing significantly to mortalities and disability-adjusted life 
years (DALYs) [1, 2]. It represents an advanced stage of 
various liver diseases such as hepatitis B and C infections, 
non-alcoholic fatty liver disease, alcohol consumption, 
autoimmune disorders, and so on [2, 3]. Typically, liver 
cirrhosis and other chronic liver diseases develops fol-
lowing prolonged inflammation. The mortality and mor-
bidity associated with liver cirrhosis and other chronic 
liver diseases increase sharply, with a 1-year case-fatality 
rate reaching up to 80%. Consequently, liver cirrhosis and 
other chronic liver diseases poses a substantial burden 
on patients, healthcare systems, and governments world-
wide at both global and regional levels [2, 4].

In recent years, there has been extensive research ana-
lyzing the incidence and mortality trends of liver cancer, 
highlighting its significant disease burden [5–8]. How-
ever, compared to liver cancer, reports on the trends of 
liver cirrhosis and other chronic liver diseases in recent 
years have been relatively less detailed. The majority of 
studies on liver cirrhosis and other chronic liver diseases 
aim to investigate its epidemiology, pathological mecha-
nism and severity based on specific causes [9–11]. The 
impact of liver cirrhosis and other chronic liver diseases 
varies significantly across geographical locations, gen-
ders, races, ethnicities, and socioeconomic classes, and 
this impact has also undergone substantial changes over 
time. Although there have been some reports on the 
incidence and mortality rates of liver cirrhosis and other 
chronic liver diseases, they either lack the most recent 
data or do not comprehensively analyze the disease bur-
den of liver cirrhosis and other chronic liver diseases 
by integrating incidence rates, mortality rates, DALYs 
rates, along with various etiological factors, geographical 
regions, gender, age, and SDI [4, 9–13].

To address this gap, we conducted a systematic analy-
sis using the latest available data from the Global Burden 
of Disease Study (GBD) 2019. This analysis involved cal-
culating the mortalities, incidence cases, and DALYs for 
liver cirrhosis and other chronic liver diseases across dif-
ferent GBD regions and countries in 2019. Additionally, 
ASRs and percentage change in ASRs (APC) from 1990 
to 2019 were also calculated to facilitate comparisons. 
Further analysis for liver cirrhosis and other chronic liver 
diseases was performed by classifying the data according 
to five specific etiologies (hepatitis B, hepatitis C, alcohol 
use, NAFLD and other causes), age groups, gender, and 
sociodemographic index (SDI). This endeavor aimed to 
provide the most up-to-date and comprehensive insights 
into the complete details of liver cirrhosis and other 
chronic liver diseases.

Methods
The data used in this study were obtained from the Global 
Health Data Exchange (GHDx) query tool (https://ghdx.
healthdata.org), specifically from the Global Burden of 
Disease Study (GBD) 2019 [14]. The GBD 2019 was con-
ducted under the coordination of the Institute for Health 
Metrics and Evaluation (IHME) [10]. Detailed informa-
tion on liver cirrhosis and other chronic liver diseases, 
including mortality, incidence, and DALYs, stratified 
by region, country, sex, age, and etiology, was extracted 
from the GBD 2019 database.

The dataset encompassed 204 countries and territories, 
which were categorized into 21 regions based on the clas-
sification used in the GBD study. These regions include 
Andean Latin America, Australasia, Caribbean, Central 
Asia, Central Europe, Central Latin America, Central 
sub-Saharan Africa, East Asia, Eastern Europe, Eastern 
sub-Saharan Africa, High-income Asia Pacific, High-
income North America, North Africa and Middle East, 
Oceania, South Asia, Southeast Asia, Southern Latin 
America, Southern sub-Saharan Africa, Tropical Latin 
America, Western Europe and Western sub-Saharan 
Africa. The etiologies of liver cirrhosis and other chronic 
liver diseases were divided into HBV, HCV, alcohol use, 
NAFLD, and other causes [14, 15].

In this study, the trends in global liver cirrhosis and 
other chronic liver diseases were evaluated using age-
standardized incidence rate (ASIR), age-standardized 
mortality rate (ASMR), and age-standardized DALYs rate 
(ASDR) stratified by five different etiologies. The annual 
percentage change (APC) was calculated to measure the 
change in each trend over time. A positive APC value 
indicated an increasing burden, while a negative value 
indicated a declining burden. The burden of liver cirrho-
sis and other chronic liver diseases in 21 GBD regions 
and 204 countries and territories were described statis-
tically based on specific values categorized by different 
groups of sex and age. The Socio-demographic Index 
(SDI) is a composite indicator that reflects the develop-
ment status of a country or region. It is calculated based 
on the rankings of per capita income, average educational 
attainment, and fertility rates in the GBD study. SDI 
ranges from 0 (worst) to 1 (best) [14, 16]. The 2.5th and 
97.5th centiles were used to determine the 95% uncer-
tainty intervals (UIs). To explore the relationship between 
the burden of liver cirrhosis and other chronic liver dis-
eases (mortality, incidence, DALYs) and SDIs across the 
21 regions and 204 countries and territories, smoothing 
spline models were employed to examine the shape of the 
association.

The general linear models are commonly used in sta-
tistical analysis, requiring the dependent variables to 
be normally distributed and independent of each other. 
These models assume homogeneity of variance and are 
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often utilized for comparing multiple repeated measure-
ments of the same continuous variable. On the other 
hand, the dependent variable in generalized linear mod-
els (GLMs) is not limited to a normal distribution and 
does not place as much emphasis on homogeneity of vari-
ance. A key advantage of GLMs is that the independent 
variable can be either discrete or continuous, allowing 
for a broader scope of applications. In this article, GLMs 
were employed to estimate the mixed effects of gender, 
SDI, and alcohol use on the age-standardized death rate 
of liver cirrhosis and other chronic liver diseases [17, 18]. 
The results are presented through a predictive formula 
derived from this model:

Y = α0 + α1×Gender + α2×SDI + α3×AlcoholUse + α4×SD
I&AlcoholUse + α5×Gender&SDI.

In the given model, α0 represents the overall intercept 
of the predictor variable. α1, α2, α3, α4, α5, and α6 indi-
cate the slopes of the response variable, reflecting the 
fixed effects. SDI&AlcoholUse denotes the interaction 
between the two predictor variables, while Gender&SDI 
represents the same concept. The relative risk (RR) of 
mortality for males and females can be assessed by cal-
culating with the aforementioned equation. All statisti-
cal analyses were conducted using SPSS 26.0 software 
(IBM SPSS, Chicago, IL, USA). A p-value less than 0.05 
was considered statistically significant. Tables and figures 
were generated using GraphPad 8.0 or Python.

Results
Global burden of liver cirrhosis and other chronic liver 
diseases
In 2019, there were a total of 1,472,011 deaths (95% UI 
1,374,608-1,578,731) caused by liver cirrhosis and other 
chronic liver diseases worldwide. This marked a signifi-
cant increase of 45.32% compared to the 1,012,975 deaths 
(95% UI 948,941-1,073,877) reported in 1990. The ASMR 
for liver cirrhosis and other chronic liver diseases glob-
ally exhibited a notable decrease of 26.32%, declining 
from 24.43 (22.93–25.73) per 100,000 population in 1990 
to 18.00 (16.80-19.31) per 100,000 population in 2019 
(Table  1; Figs.  1 and 2). The incidence of liver cirrho-
sis and other chronic liver diseases in individuals of all 
ages witnessed a 62.03% increase, rising from 1,274,022 
(1,027,186-1,548,534) cases in 1990 to 2,051,553 
(1,661,430-2,478,127) cases in 2019. The global ASIR 
was 25.66 (20.25–31.63) per 100,000 population in 1990, 
showing a slight decrease to 25.35 (20.78–30.44) per 
100,000 population in 2019 (Table 1; Figure S1 and S2). 
In 2019, liver cirrhosis and other chronic liver diseases 
resulted in a total of 46,189,415 (43,027,109 − 49,551,291) 
DALYs, representing a 33.00% increase compared to the 
34,727,732 (32,382,957 − 37,132,796) DALYs in 1990. 
Conversely, the global ASDR exhibited a decreasing trend 
from 766.07 (718.30-813.11) per 100,000 population in 

1990 to 560.43 (521.86-602.02) per 100,000 population in 
2019 (Table 1; Figure S3 and S4), indicating a decline of 
26.84%.

In 2019, hepatitis B accounted for approximately 
22.36% of all liver cirrhosis and other chronic liver dis-
eases-related deaths in individuals of all ages. Hepatitis C 
was responsible for 26.75% of these deaths, while alcohol 
use contributed to 24.90%. Non-alcoholic steatohepa-
titis (NASH) caused 9.20% of the mortalities, and other 
causes accounted for 16.78% (Fig. 3).

Specifically, there were 331,266 (278,542 − 392,126) 
deaths attributed to liver cirrhosis and other chronic 
liver diseases caused by hepatitis B (COHB) in 2019, 
representing a 14.36% increase from 1990 [289,682 
(249,026–331,355)]. However, the ASMR for liver cirrho-
sis and other chronic liver diseases caused by hepatitis B 
decreased by 42.10% during this period, dropping from 
6.96 (6.00-7.95) per 100,000 population in 1990 to 4.03 
(3.39–4.76) per 100,000 population in 2019, and HBV 
infection now ranks as the third leading cause for ASMR 
of liver cirrhosis and other chronic liver diseases. For liver 
cirrhosis and other chronic liver diseases caused by hepa-
titis C (COHC), there were 245,022 (208,652 − 282,509) 
deaths in 1990 and 395,022 (335,832 − 458,584) deaths 
in 2019. The ASMR for COHC declined by 19.26% from 
5.97 (5.09–6.90) per 100,000 population in 1990 to 4.82 
(4.09–5.57) per 100,000 population in 2019. Liver cir-
rhosis and other chronic liver diseases resulting from 
alcohol use (COAU) caused 232,949 (197,746 − 273,817) 
deaths in 1990 and 371,964 (314,703 − 438,425) deaths in 
2019. The ASMR for COAU decreased by 20.99% world-
wide, going from 5.67 (4.80–6.64) per 100,000 popula-
tion in 1990 to 4.48 (3.81–5.28) per 100,000 population 
in 2019. In 1990, there were 75,957 (54,215 − 101,590) 
deaths attributed to liver cirrhosis and other chronic liver 
diseases due to non-alcoholic fatty liver disease (CONA), 
and this number increased to 134,240 (96,483 − 176,920) 
deaths in 2019. The ASMR for CONA decreased by 
14.43% from 1.94 (1.39–2.59) per 100,000 popula-
tion in 1990 to 1.66 (1.20–2.17) per 100,000 population 
in 2019. Moreover, liver cirrhosis and other chronic 
liver diseases due to other causes (COOC) resulted in 
169,363 (137,356 − 206,849) deaths in 1990 and 239,517 
(187,991 − 302,873) deaths in 2019. The ASMR for COOC 
decreased by 22.37%, declining from 3.89 (3.12–4.83) 
per 100,000 population in 1990 to 3.02 (3.38–3.78) per 
100,000 population in 2019 (Figs. 1 and 2).

Geographic burden of liver cirrhosis and other chronic liver 
diseases
In 2019, the regions with the top two ASMR for liver 
cirrhosis and other chronic liver diseases were East-
ern Sub-Saharan Africa and Central Asia, with rates of 
44.15 (38.47–51.91) and 42.86 (38.53–47.51) per 100,000 
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population respectively. Central Asia experienced a sig-
nificant burden of liver cirrhosis and other chronic liver 
diseases, with ranking first in ASIR among all regions 
(Fig. 2; Figure S2). It also had the highest ASDR for liver 
cirrhosis and other chronic liver diseases, with a rate 
of 1318 (1187–1467) per 100,000 population in 2019 
(Figure S4). Central Asia and Eastern Europe consis-
tently showed the most significant increases in ASMR, 
ASIR, and ASDR from 1990 to 2019 compared to other 
regions, which experienced varying degrees of decline. 
North Africa and the Middle East had the most dramatic 
decrease in ASMR over the past 30 years. High-income 
Asia Pacific had the largest drop in ASIR, while Eastern 
Sub-Saharan Africa experienced the largest decline in 
ASDR from 1990 to 2019.

Hepatitis B was the leading cause of liver cirrhosis and 
other chronic liver diseases in Western Sub-Saharan 
Africa, Oceania, and South Asia, accounting for 43.96%, 
33.85%, and 31.88% of total liver cirrhosis and other 
chronic liver diseases deaths in 2019 respectively (Figs. 2 
and 3). The highest ASMR for COHB for all ages was 
observed in Western Sub-Saharan Africa (16.69 [12.69–
21.35]), while the lowest was found in East Asia (2.30 
[1.87–2.78]). Eastern Sub-Saharan Africa had the high-
est ASMR for COHC in 2019 (15.46 [12.52–19.04]), while 
Western Europe had the lowest ASMR for COHC (1.79 

[1.41–2.25]). More than 40% of liver cirrhosis and other 
chronic liver diseases-related deaths caused by hepati-
tis C were found in high-income regions such as North 
America, Australasia, and North Africa and the Middle 
East (Figs. 2 and 3). Central Asia had the highest ASMR 
for COAU for all ages in 2019 (17.22 [13.83–20.69]), while 
Australasia had the lowest (1.01 [0.72–1.36]). Mortalities 
attributed to COAU accounted for over 40% in Central 
Europe, Tropical Latin America, Western Europe, East-
ern Europe, Andean Latin America, Caribbean, and 
Central Asia (Figs. 2 and 3). The proportion of mortali-
ties for liver cirrhosis and other chronic liver diseases 
due to NAFLD was lower than that due to other causes 
in most regions in 2019. Andean Latin America consis-
tently had the highest proportions attributable to NAFLD 
and other causes of liver cirrhosis and other chronic liver 
diseases (21.17% and 19.88% respectively) in ASMR. The 
highest ASMR for CONA was in Central Latin America 
(5.90 [4.32–7.66]), while Eastern Sub-Saharan Africa had 
the highest ASMR for COOC in 2019 (7.35 [5.23–9.63]) 
(Figs. 2 and 3).

National burden of liver cirrhosis and other chronic liver 
diseases
At the national level, India had the highest number 
of deaths (270,036 [228,609 − 321,257]) and DALYs 

Fig. 1 Number of mortality and ASMR at the global level by etiology of liver cirrhosis and other chronic liver diseases, 1990–2019. COHB, liver cirrhosis 
and other chronic liver diseases due to hepatitis B. COHC, liver cirrhosis and other chronic liver diseases due to hepatitis C. COAU, liver cirrhosis and other 
chronic liver diseases due to alcohol use. CONA, liver cirrhosis and other chronic liver diseases due to NAFLD. COOC, liver cirrhosis and other chronic liver 
diseases due to other cause. ASMR, age-standardized mortality rate
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(9,635,297 [8,187,694 − 11,300,327]) attributed to liver 
cirrhosis and other chronic liver diseases. China had the 
highest number of incident cases (409,693 [308,245–
514,354]). In China, the estimated ASMR for liver cirrho-
sis and other chronic liver diseases ranged from 126.73 to 
3.26 per 100,000 population in 2019. In contrast, Singa-
pore had the lowest ASMR and ASDR for liver cirrhosis 
and other chronic liver diseases, and the lowest ASIR was 
observed in both Cook Islands and Papua New Guinea 
(Fig.  4). The largest increases in ASMR and ASDR over 
the past 30 years were seen in Ukraine, and the biggest 
increase in ASIR was observed in Kazakhstan. Korea 
showed the most notable decreases in these rates from 
1990 to 2019 (Figure S7). For India, Indonesia, and Paki-
stan, three heavily populated countries, the annual per-
centage of change from 1990 to 2019 in the ASMR was 
(-17% [-32–2%]), (-17% [-32–1%]), and (-16% [-38–21%]), 
respectively.

In terms of specific etiologies, Egypt had the highest 
ASMR of COHB in 2019 (32.67 [20.28–47.58]), while 
Colombia had the lowest (0.22 [0.14–0.34]). Ukraine 

had the largest increase in ASMR of COHB from 1990 
to 2019 (115% [72–166%]), while Korea had the largest 
decrease (-82% [-85% to -77%]) (Figure S8A and S9A).

Egypt also had the highest ASMR of COHC in 2019 
(52.58 [33.36–73.18]), while Iceland had the lowest (0.28 
[0.20–0.40]). Ukraine experienced the most significant 
increase in ASMR of COHC from 1990 to 2019 (231% 
[168–305%]), while Korea had the largest decrease (-69% 
[-74% to -61%]) (Figure S10A and S11A).

Mongolia had the highest ASMR of COAU in 2019 
(29.25 [21.58–38.89]), while Singapore had the low-
est (0.52 [0.36–0.73]). The countries with the greatest 
increase and decrease in ASMR of COAU were the same 
as those for COHB and COHC, with percent changes 
ranging from − 68 to 198% (Figure S12A and S13A).

Regarding CONA and COOC in 2019, Egypt also 
had the highest ASMR, while Singapore had the low-
est ASMR for CONA, and New Zealand had the lowest 
ASMR for COOC. Ukraine showed the largest increases 
in ASMR for CONA and COOC, while Korea had the 
largest decreases (Figure S14A, S15A, S16A, and S17A).

Fig. 2 Age-standardized mortality rate for liver cirrhosis and other chronic liver diseases, by region and etiology, 2019. COHB, liver cirrhosis and other 
chronic liver diseases due to hepatitis B. COHC, liver cirrhosis and other chronic liver diseases due to hepatitis C. COAU, liver cirrhosis and other chronic 
liver diseases due to alcohol use. CONA, liver cirrhosis and other chronic liver diseases due to NAFLD. COOC, liver cirrhosis and other chronic liver diseases 
due to other cause
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For more detailed information on incident numbers, 
DALYs, ASIR, ASDR, and annual rates of percent change 
for different etiologies globally, by region, and by country, 
please refer to supplementary materials (Figure S7-S17).

Age and sex on liver cirrhosis and other chronic liver 
diseases
In 2019, the global number of deaths due to liver cirrhosis 
and other chronic liver diseases was higher in males than 
females across all age groups, except for those aged older 
than 85 years (Fig.  5). This trend was also observed for 
DALYs, while the incidence of liver cirrhosis and other 
chronic liver diseases was higher in males only within the 
age range of 10–49 years (Figure S18 and S19).

The number of mortalities from liver cirrhosis and 
other chronic liver diseases in 2019 exhibited a sharp 
increase after the age of 20, reaching its peak at the ages 
of 60–64 years for males and 65–69 years for females. 
Subsequently, the number of deaths declined in older 
age groups. The lowest number of deaths occurred in 
patients younger than 15 years. The development of liver 

cirrhosis and other chronic liver diseases caused by dif-
ferent etiologies exhibited age-related and gender-spe-
cific patterns (Fig. 5).

Burden of liver cirrhosis and other chronic liver diseases by 
sociodemographic index
From 1990 to 2019, there were generally nonlinear rela-
tionships between the ASMR of liver cirrhosis and other 
chronic liver diseases and SDI at both global and regional 
levels. The expected values based on SDI and ASMR in 
all locations indicated a gradual decrease in ASMR with 
improvements in SDI, reflecting general expected trends 
(Fig.  6A). At the regional level, Central Latin America, 
Andean Latin America, Central Asia, Southeast Asia, and 
North Africa and the Middle East had a higher burden 
of liver cirrhosis and other chronic liver diseases com-
pared to the expected levels based on SDIs from 1990 
to 2019. Conversely, Oceania, East Asia, and Australasia 
exhibited a significantly lower burden than expected. In 
regions such as Central Europe, Eastern Europe, Cen-
tral Asia, and Southern Sub-Saharan Africa, the burden 

Fig. 3 Contribution of COHB, COHC, COAU, CONA, and COOC to liver cirrhosis and other chronic liver diseases mortality, both sexes, globally and by 
region, 2019. COHB, liver cirrhosis and other chronic liver diseases due to hepatitis B. COHC, liver cirrhosis and other chronic liver diseases due to hepatitis 
C. COAU, liver cirrhosis and other chronic liver diseases due to alcohol use. CONA, liver cirrhosis and other chronic liver diseases due to NAFLD. COOC, liver 
cirrhosis and other chronic liver diseases due to other cause
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Fig. 4 The global age-standardized rate of liver cirrhosis and other chronic liver diseases per 100,000 populations in 2019, by country and territory. (A) 
ASMR in 2019; (B) ASIR in 2019; and (C) ASDR in 2019. ASMR, age-standardized mortality rate. ASIR, age-standardized incidence rate. ASDR, age-standard-
ized DALYs rate
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of liver cirrhosis and other chronic liver diseases initially 
increased and then decreased with the enhancement of 
SDI over time. On a global scale, the observed burden of 
liver cirrhosis and other chronic liver diseases was lower 
than the expected level based on the SDIs from 1990 to 
2019 (Fig. 6A).

At the national level, a nonlinear association was also 
observed between the ASMR and the SDI value. Coun-
tries like Egypt, Mongolia, Cambodia, Zambia, and sev-
eral others had a higher ASMR than the expected value, 
while countries like Colombia, Norway, New Zealand, 
and several others had a lower ASMR than expected 
based on the SDIs (Fig.  6B). Nonlinear associations 
between the SDI and ASIR and ASDR of liver cirrhosis 
and other chronic liver diseases were also detected at the 
regional and national levels (Figure S20 and S21).

These findings highlight the complex relationships 
between the ASMR of liver cirrhosis and other chronic 
liver diseases, SDI, and geographical variations, indicat-
ing the need for further investigation into the underlying 
factors contributing to the observed burdens.

Relative risk estimation of ASMR in males and females
The coefficients and overall intercepts of the various 
predictors were determined through using of GLMs 
(Table 2). The predictive formula for ASMR is:

Y = 36.663 + 26.315×Gender − 32.187×SDI + 1.725×Alco-
holUse − 2.299×SDI&AlcoholUse − 18.273×Gender&SDI 
(Gender = male).

Y  =  3 6 . 6 6 3 – 3 2 . 1 8 7 × S D I  +  1 . 7 2 5 × A l c o h o l Us e 
− 2.299×SDI&AlcoholUse (Gender = female).

RR for males relative to females in ASMR of liver cir-
rhosis and other chronic liver diseases was calculated as 
follows when both males and females without any alcohol 
consumption:

R R = ( 3 6 . 6 6 3  +  2 6 . 3 1 5 – 3 2 . 1 8 7 × S D I - 1 8 . 2 7 3 ) /
( 3 6 . 6 6 3 – 3 2 . 1 8 7 × S D I ) = ( 4 4 . 7 0 5 – 3 2 . 1 8 7 × S D I ) /
(36.663–32.187×SDI)

SDI values exhibited variations across different coun-
tries and regions. When considering both males and 
females without any alcohol consumption, there was 
a correlation between the relative risk (RR) of death 
rates for males compared to females and SDI values. In 

Fig. 5 Global liver cirrhosis and other chronic liver diseases mortality by etiology and age for females and males, 2019. For each group, the left column 
showed case data in female and the right column shows data in male. COHB, liver cirrhosis and other chronic liver diseases due to hepatitis B. COHC, liver 
cirrhosis and other chronic liver diseases due to hepatitis C. COAU, liver cirrhosis and other chronic liver diseases due to alcohol use. CONA, liver cirrhosis 
and other chronic liver diseases due to NAFLD. COOC, liver cirrhosis and other chronic liver diseases due to other cause
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2019, the global mortality rate among males was 1.51 
times higher than that among females (SDI in 2019 was 
known). This suggests a gender disparity in mortality 
rates, with males being more vulnerable to certain factors 
associated with liver cirrhosis and other chronic liver dis-
eases compared to females.

Discussion
As the major causes of liver cirrhosis and other chronic 
liver diseases is largely preventable and treatable, it is 
crucial for policymakers in national health-care systems 

to have a comprehensive understanding of the incidence, 
mortality and DALYs associated with each causal factor. 
This knowledge allows for the implementation of tar-
geted interventions aimed at reducing premature deaths 
and morbidity related to liver cirrhosis and other chronic 
liver diseases. Therefore, there is a pressing need for a 
detailed assessment of the global and regional disease 
burden, particularly in terms of mortality, incidence, and 
DALYs attributable to liver cirrhosis and other chronic 
liver diseases. This study represents an important con-
tribution as it is, to the best of our knowledge, the first 

Fig. 6 ASMR of liver cirrhosis and other chronic liver diseases by SDI: (A) ASMR in global and 21 GBD regions, 1990–2019. (B) ASMR in 204 countries and 
territories, 2019. Expected values based on sociodemographic index and disease rates in all locations are shown as the black line. ASMR, age-standardized 
mortality rate; GBD, global burden of diseases, injuries, and risk factors study; SDI, sociodemographic index
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comprehensive analysis showcasing the burden of liver 
cirrhosis and other chronic liver diseases worldwide 
between 1990 and 2019. It provides a detailed account 
of the numbers and age-standardized rates of mortality, 
incidence, and DALYs stratified by five etiologies glob-
ally, regionally, and nationally. Across the globe, there 
has been a steady increase in numbers of mortality, inci-
dence, and DALYs associated with liver cirrhosis and 
other chronic liver diseases over this period, likely due to 
population growth and aging. These factors have contrib-
uted to a relatively inadequate provision of health care 
resources, particularly in underdeveloped regions and 
countries. However, it is worth noting that age-standard-
ized rates of mortality and DALYs have shown a declining 
trend from 1990 to 2019, indicating some improvements 
in addressing the disease burden of liver cirrhosis and 
other chronic liver diseases. Additionally, decreases in 
ASMR and ASDR suggest potential future improvements 
in the overall situation. Although the ASIR has remained 
relatively stable, the declines observed in mortality and 
DALYs may be associated with increased long-term sur-
vival of patients.

The age-standardized rates of liver cirrhosis and other 
chronic liver diseases varied across the five etiologies 
studied. It is evident that hepatitis B virus, hepatitis C 
virus, and alcohol use were still the primary causes of 
liver cirrhosis and other chronic liver diseases deaths at 
the global level. In 2019, these three factors accounted 
for 74.61% of liver cirrhosis and other chronic liver dis-
eases-related mortalities. Notably, the prevalence trends 
indicated a more significant decline in HBV compared to 
other factors, with a gradual decrease in the proportion 
of mortalities attributed to HBV since 2009. This decline 
can be attributed, in some part, to routine immuniza-
tion with the hepatitis B vaccine in many regions [19]. 
Furthermore, the Western Sub-Saharan Africa region 
exhibited the highest ASMR for liver cirrhosis and other 
chronic liver diseases caused by HBV in 2019. This can be 
attributed to various factors such as high temperatures, 
a high rate of invisible HBV infection, and inadequate 

interruption of mother-to-child transmission. These con-
ditions make the population more susceptible to HBV 
infection, leading to a silent epidemic of the virus in this 
region [20–22]. Implementing routine immunization 
programs targeting HBV transmission and improving 
healthcare infrastructure have the potential to effectively 
control the incidence of hepatitis B-related liver cirrho-
sis and other chronic liver diseases deaths in African and 
other Asian countries.

Previous studies have indicated that hepatitis C virus 
is the leading cause of liver cirrhosis and other chronic 
liver diseases in developed countries and regions [1, 3, 
23]. However, our study reveals that HCV remains the 
predominant etiology not only in high-income regions 
such as Asia Pacific and North America but also in less 
developed areas including North Africa, the Middle East, 
and Southern Latin America. The dominance of HCV 
as a significant risk factor for liver cirrhosis and other 
chronic liver diseases in various economic settings high-
lights the importance of addressing this viral infection 
on a global scale. While prevention and control efforts 
have made substantial progress in high-income regions, 
there is a pressing need to extend these measures to less 
developed areas where HCV remains a significant pub-
lic health concern. It is essential to establish robust sur-
veillance networks, strengthen laboratory capacities, and 
promote information sharing to facilitate a comprehen-
sive understanding of the burden of HCV-related liver 
cirrhosis and other chronic liver diseases across different 
regions. Luckily, significant progress has been achieved in 
the field of hepatitis C virus treatment over the past few 
decades, culminating in HCV becoming the first chronic 
viral infection that can be cured [24]. This remarkable 
development can be attributed to the introduction of 
direct-acting antiviral agents (DAAs), which have revolu-
tionized antiviral therapy and cure rates exceeding 98% 
across various patient populations infected with HCV 
[24]. These medications directly target specific viral pro-
teins essential for HCV replication, resulting in rapid 
suppression of viral replication and ultimately achieving 
sustained virological response (SVR), which is defined as 
undetectable levels of HCV RNA in the blood 12 weeks 
after completion of treatment and serves as a marker 
for viral eradication. The availability of highly effective 
and well-tolerated DAA regimens has transformed HCV 
management, offering the potential to achieve viral eradi-
cation and improve patient outcomes.

Noteworthy, we observed that alcohol use is a signifi-
cant contributor to liver cirrhosis and other chronic liver 
diseases, as supported by our findings and previous evi-
dence [10]. Specifically, Mongolia and Moldova emerged 
as the countries with the highest age-standardized rates 
of liver cirrhosis and other chronic liver diseases attrib-
uted to alcohol use. Excessive alcohol consumption in 

Table 2 GLM results on RR of ASMR for cirrhosis and other 
chronic liver diseases
coefficients value P value
α0 36.663 < 0.001
α1

Gender = male 26.315 < 0.001
Gender = female 0

α2 -32.187 < 0.001
α3 1.725 0.007
α4 -2.299 0.006
α5

Gender = male -18.273 0.041
Gender = female 0
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Mongolia can be attributed to various factors, including 
geographical location, cultural influences from neighbor-
ing Russia, and the economic dependence on the alcohol 
industry [25, 26]. It is evident from our study and previ-
ous research that there is a pressing need for a compre-
hensive approach to reduce alcohol consumption in these 
countries in order to alleviate the burden of liver cirrho-
sis and other chronic liver diseases [3, 10, 27].

Furthermore, non-alcoholic fatty liver disease and obe-
sity have been identified as significant risk factors for 
liver cirrhosis and other chronic liver diseases [11, 12]. 
Our study revealed a global increase in the incident cases 
of NAFLD-associated liver cirrhosis and other chronic 
liver diseases from 1990 to 2019. This rising trend was 
observed not only in economically underdeveloped coun-
tries like Kazakhstan and Mongolia but also in developed 
nations such as the United Kingdom and Finland. The 
growing prevalence of obesity and metabolic syndrome 
is closely associated with the increasing incidence of 
NAFLD. Therefore, it is reasonable to expect a surge in 
the morbidity rates associated with this condition. Given 
the lack of effective preventive or therapeutic interven-
tions for NAFLD, maintaining a healthy diet and engag-
ing in regular exercise become particularly important 
strategies [13].

Factors such as smoking and aflatoxin B1 were catego-
rized as “other causes” in the Global Burden of Disease 
(GBD) 2019 study, along with all risk factors not men-
tioned earlier [14]. Analyzing the statistical results of age-
standardized mortality rates (ASMR), age-standardized 
death rates (ASDR), and age-standardized incidence rates 
(ASIR) for liver cirrhosis and other chronic liver diseases 
from other causes, we discovered that the disease bur-
den associated with these causes was more severe than 
anticipated, surpassing that caused by non-alcoholic 
fatty liver disease (NAFLD) over the past three decades. 
Hence, there is a need for greater implementation of pre-
vention measures to reduce exposure to aflatoxin B1 and 
smoking.

On a global scale, liver cirrhosis and other chronic 
liver diseases exhibits a significant sex-based disparity, 
with the mortality rate in males being 1.51 times higher 
than in females in 2019 [6, 28]. This discrepancy between 
males and females can be attributed to factors such as sex 
hormones, sex chromosomes, immunity, and behaviors 
(particularly alcohol use and smoking) [29, 30]. There-
fore, it is highly recommended to adopt sex-specific pre-
vention and treatment strategies for liver cirrhosis and 
other chronic liver diseases [31].

Furthermore, we investigated the nonlinear associa-
tions between mortality, incidence, DALYs of liver cirrho-
sis and other chronic liver diseases with the SDI values 
of different regions and countries. In general, higher SDI 
values were correlated with a lower disease burden of 

liver cirrhosis and other chronic liver diseases from 1990 
to 2019 across most of the 21 GBD regions [4, 32]. These 
findings are expected, as nations with higher income tend 
to exhibit lower mortality rates related to liver cirrhosis 
and other chronic liver diseases due to improved health-
care access and strengthened health infrastructure. How-
ever, certain regions and countries with higher SDI values 
still experienced a relatively high burden of liver cirrhosis 
and other chronic liver diseases, indicating that the dis-
ease burden cannot be solely inferred from SDI values. 
Overall, it is undeniable that better economic develop-
ment in regions and countries can contribute to mitigat-
ing the disease burden associated with liver cirrhosis and 
other chronic liver diseases.

There are several limitations to consider in this study. 
Firstly, since this study relied on secondary analysis of 
data from the Global Burden of Disease 2019, the accu-
racy of the conclusions is dependent on the quality of 
the data collected by GBD and the research methods 
employed in this analysis. Secondly, the classification of 
risk factors for liver cirrhosis and other chronic liver dis-
eases in GBD 2019 was limited to five etiologies, which 
means that only a subset of etiologies could be analyzed 
for their impact on disease burden. Further research is 
necessary to differentiate the specific factors included 
under the category of ‘other causes’ in this analysis, 
including autoimmune hepatitis as a potential sixth fac-
tor leading to liver cirrhosis and other chronic liver 
diseases.

Conclusion
In summary, this study confirms that liver cirrhosis and 
other chronic liver diseases is a significant global health 
issue, necessitating the attention of primary care physi-
cians, specialists, and health policymakers to implement 
appropriate preventive measures and enhance awareness 
regarding early detection, diagnosis, and treatment. From 
1990 to 2019, the global ASMR and ASDR for the five 
specified causes of liver cirrhosis and other chronic liver 
diseases demonstrated a decline. However, among the 
five ASIRs, only the incidence rate for hepatitis B showed 
a decreasing trend. Given that liver cirrhosis and other 
chronic liver diseases can be prevented and its progres-
sion slowed through appropriate interventions, variations 
among risk factors, age and gender groups, as well as dif-
ferent regions and countries should be taken into account 
in disease control, prevention, and treatment strategies 
for liver cirrhosis and other chronic liver diseases.
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