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Abstract

Objective To estimate the burden of cirrhosis and other chronic liver diseases caused by specific
etiologies in China.

Methods Data from the Global Burden of Disease Study 2016 (GBD 2016) were used. We evaluated
the burden by analyzing age-sex-province-specific prevalence, mortality, and disability-adjusted life-
years (DALYs) of 33 provinces in China.

Results From 1990 to 2016, prevalence cases in thousands increased by 73.7% from 6833.3 (95% UI:
6498.0-7180.6) to 11869.6 (95% UI: 11274.6—12504.7). Age-standardized mortality and DALY rates per
100,000 decreased by 51.2% and 53.3%, respectively. Male and elderly people (aged > 60 years)
preponderance were found for prevalence, mortality, and DALYs. The number of prevalence cases,
deaths, and DALYs due to hepatitis C virus (HCV) increased by 86.6%, 8.7%, and 0.9%, respectively. Also,
age-standardized prevalence rates decreased in 31 provinces, but increased in Yunnan and Shandong.
The Socio-demographic Index (SDI) values were negatively correlated with age-standardized mortality
and DALY rates by provinces in 2016; the correlation coefficients were -0.817 and -0.828, respectively.

Conclusion Cirrhosis and other chronic liver diseases remain a huge health burden in China, with the
increase of population and the aging of population. Hepatitis B virus (HBV) remains the leading cause of
the health burden in China.
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INTRODUCTION

irrhosis and other chronic liver diseases
are significant public health burdens
worldwide. Liver cirrhosis, the end-stage

of different chronic liver diseases, is often neglected
. . . 1,2
until complications occur™” Globally, current
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estimates indicate that more than 50 million adults
have chronic liver disease”™”. According to the
Global Burden of Disease Study 2010 (GBD 2010),
liver cirrhosis caused approximately 1 million or 2%
of global deaths and 31 million or 1.2% of total
disability-adjusted life-years (DALYs)[6’7]. In GBD
2016, there were approximately 1.6 million

#Correspondence should be addressed to ZHOU Mai Geng, Tel: 86-10-63041471, E-mail: zhoumaigeng@ncncd.

chinacdc.cn

Biographical notes of the first authors: LI Man, female, born in 1977, PhD, Associate Professor, majoring in molecular
epidemiology of liver disease; WANG Zhuo Qun, female, born in 1976, Director, majoring in disease control and prevention.



2

Biomed Environ Sci, 2020; 33(1): 1-10

incidence cases of cirrhosis and other chronic liver
diseases, 45.8 million prevalence cases, and 1.3
million deaths, contributing to 38.9 million
DALYs* ™. In China, approximately 300 million
people are affected by liver disease, and China
accounts for 11% of global cirrhosis deaths™*”.
Thus, China plays an important role in the global
burden of liver disease.

Several types of liver diseases, including chronic
hepatitis B virus (HBV) and hepatitis C virus (HCV)
infection, alcoholic liver disease (ALD), non-alcoholic
fatty liver disease (NAFLD), and other liver diseases,
potentially threaten a large percentage of the global
population, especially in China, where HBV and HCV
infections are endemic, and ALD and NAFLD have
become leading causes of chronic liver diseases™”
HBV and HCV are leading causes of liver cirrhosis
Globally, approximately 257 million people were
living with chronic HBV infection in 2015, accounting
for 3.5% of the population worldwide™". China had
the highest burden of chronic HBV™. An estimated
150 million people were infected by HCV, and China
had greatest HCV-infected population, with an
absolute number of 9.8 million™**""". Alcohol
consumption also represents an important cause of
the development of cirrhosis. Globally, liver cirrhosis
attributable to alcohol use in 2010 led to an
estimated 493,300 deaths and 14,544,000 DALYs,
accounting for 47.9% of all liver cirrhosis deaths and
46.9% of all liver cirrhosis DALYs™. The trend in
alcohol consumption has considerably increased in
China over the last three decades'”. Because of
increased alcohol consumption, alcohol-attributable
liver disease has gradually become the second
leading cause of late-stage liver disease in China™.

Despite the importance of chronic liver disease,
epidemiological data remain scarce in China. Thus,
this study aims to describe the current trends in the
health burden of cirrhosis and other chronic liver
diseases in China through estimates of prevalence,
mortality, and DALYs on the basis of the GBD 2016
study, which will provide information for decision-
makers.

[13]

METHODS

In this study, all age-sex-province-specific data in
China were obtained from GBD 2016. The GBD 2016
study provided a comprehensive and up-to-date
evaluation of related health metrics for all major
diseases and injuries in 195 countries from 1990 to
B# e assessed the burden of cirrhosis and

chronic liver diseases due to various causes by

collecting data on prevalence, mortality, and DALYs
by sex, age groups, and provinces in China. A total of
33 provinces were analyzed, including 31 mainland
regions and the Hong Kong and Macao Special
Administrative Regions. Moreover, these provinces
were classified into 3 levels on the basis of the Socio-
demographic Index (SDI), including low-middle
(Gansu, Guizhou, and Tibet), middle (other provinces
except low-middle and high-middle areas), and high-
middle (Hong Kong, Beijing, Guangdong, Jiangsu,
Macao, Shanghai, Tianjin, and Zhejiang). The SDI is a
summary indicator of income per capita, average
years of education in people older than 15 years, and
total fertility rate’””.

The general methodologies used in GBD 2016, as
well as specific methodology used for cirrhosis and
other chronic liver diseases in China, have been
described elsewhere®. In belief, the Bayesian
meta-regression tool DisMod-MR 2.1 was applied to
address the challenge in estimating epidemiological
measurement indicators" . DALYs were calculated by
adding years of life lost (YLLs) and years lived with
disability (YLDs), and age-standardized results were
calculated based on the GBD reference population in
the GBD 2016 study, which can be found in the
appendix of the reference paper[lo]. The 95%
uncertainty interval (U/) was calculated using the
25th and 975th values from 1,000 estimated
values®™. Moreover, the combination of cross-
sectional and birth cohort analysis of mortality
better reflected the effects of age, time, and risk
factors on disease. Linear correlation analysis, which
was conducted using SPSS 21.0, was used to verify
the relationship between SDI values and age-
standardized mortality and DALY rates by provinces.
P values were based on two-tailed tests with a
significance level of less than 0.05.

RESULTS

Prevalence and Mortality

From 1990 to 2016, the prevalence cases in
thousands of cirrhosis and other chronic liver
diseases increased by 73.7% from 6833.3 (95% UI:
6498.0-7180.6) to 11869.6 (95% ur.
11274.6-12504.7). And it was estimated that there
were 161.4 thousand (95% Ul: 141.4-171.8) deaths
in 1990, falling to 160.3 thousand (95% UI:
149.2-191.4) in 2016, a decrease of 0.7%. Sex-
specific analysis suggested that males had more
prevalence cases and deaths than females, and age-
standardized prevalence and mortality rates among
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males were higher than females in 1990 and 2016
(Table 1). All-age prevalence rates per 100,000
displayed gradually upward trends, rising by 44.4%
from 601.5 (95% UI: 572.0-632.1) in 1990 to 868.3
(95% UI: 824.8-914.7) in 2016. In contrast, age-
standardized prevalence rates per 100,000 declined
by 5.8% from 744.6 (95% UI: 708.1-783.0) to 701.7
(95% UI: 667.3—737.2). From 1990 to 2016, the all-
age mortality rate per 100,000 population declined
by 17.6% from 14.2 (95% U/: 12.4-15.1) to 11.7 (95%
Ul: 10.9-14.0). Likewise, the age-standardized
mortality rate per 100,000 decreased considerably
by 51.2% from 20.7 (95% UI: 18.4-22.0) to 10.1 (95%
Ul: 9.4-11.9) (Figure 1A).

From 1990 to 2016, the prevalence of cases due
to HCV and alcohol consumption increased markedly
(86.6%). However, the age-standardized prevalence
per 100,000 cases of cirrhosis and other chronic liver
diseases attributable to alcohol use declined by 6.9%
from 109.7 (95% UI: 100.2-119.6) to 102.1 (95% UI:
93.4-111.2), followed by HBV (5.8%), other causes
(5.7%), and HCV (4.3%). The number of deaths due
to HCV increased by 8.7%, followed by alcohol use
(4.7%) and HBV (2.4%). In contrast, the number of
deaths due to other causes decreased by 14.4%.
Age-standardized mortality rates per 100,000
attributable to other causes declined by 56.9% from
5.1 (95% UI: 4.4-5.8) to 2.2 (95% UI: 1.9-2.7),
followed by alcohol use (51.6%), HBV (50.5%), and
HCV (47.8%) (Table 1).

All-age prevalence rates increased by 44.4% from
1990 to 2016, especially in people aged > 75 years,
whereas a downward trend occurred in those aged
40-74 years (Figure 1B). Figure 2A shows that with
increased age, the total number of deaths increased
first and then decreased between 1990 and 2016,
and the largest number of deaths was observed in
the 60—64 year age range. Compared with 1990,
deaths among most age groups increased except for
those aged < 44 years and 55-59 years in 2016.
Figure 2B presents the cross-sectional analysis of
mortality by age group from 1990 to 2016. Mortality
rates in all age groups decreased gradually from
1990 to 2016. Moreover, in the same period,
mortality increased gradually with age, and those
aged 2 95 years had the highest mortality rate.
Figure 2C depicts the estimated mortality of cirrhosis
and other chronic liver diseases varied significantly
by birth year. The mortality rates were greater for
people born in the earlier years than those born in
the later years. Mortality rates increased with age in
most birth cohorts, while in three birth cohorts
(1905—, 1910-, and 1915-) decreased significantly in
those aged 90-94 vyears. To some extent, the
analysis of people born in the same period could
provide more objective and valid information.

Among 33 provinces in China, almost all
provinces apart from Yunnan and Shandong showed
decreasing age-standardized prevalence rates from
1990 to 2016. In 2016, Beijing had the highest age-

Table 1. Prevalence cases and deaths and age-standardized rates of cirrhosis and other chronic liver diseases
by gender, by specific etiologies in China, 1990 vs. 2016

Prevalence Mortality
- . Age-standardized . Age-standardized
Characteristics Number in thousands Number in thousands
rate per 100,000 rate per 100,000
1990 2016 1990 2016 1990 2016 1990 2016
o I 6833.3 11869.6 744.6 701.7 161.4 160.3 20.7 10.1
vera
(6498.0-7180.6)  (11274.6-12504.7)  (708.1-783.0) (667.3-737.2)  (141.4-171.8) (149.2-191.4)  (18.4-22.0) (9.4-11.9)
Sex
Male 5423.0 9659.3 1177.6 11216 107.9 120.4 27.2 15.1
(5144.6-5701.9)  (9154.5-10197.4) (1116.4-1241.5) (1064.8-1180.8)  (83.7-117.5)  (110.0-150.6)  (21.1-29.6) (13.8-18.8)
1410.3 2210.2 299.7 278.3 535 39.9 14.3 5.2
Female (1338.9-1486.7)  (2087.9-2333.8)  (284.9-316.0) (263.2-294.3) (49.8-58.9) (37.4-42.1) (13.3-15.8)  (4.9-5.5)
Specific etiologies
Hepatitis B 3230.2 5802.2 360.7 339.7 79.3 81.2 10.3 5.1
(3003.8-3459.1)  (5400.0-6207.8)  (336.6-386.3) (317.1-362.7) (69.2-85.5) (74.1-98.2) (9.1-11.1)  (4.7-6.2)
Hepatitis C 848.3 1583.0 94.5 90.4 18.4 20.0 23 1.2
(766.5-938.4) (1425.5-1746.3) (85.6-104.5) (81.7-99.3) (15.0-20.7) (17.6-25.0) (1.9-26)  (1.1-1.5)
Alcohol use 958.5 1788.4 109.7 102.1 23.5 24.6 3.1 1.5
(876.9-1045.7) (1630.4-1955.8)  (100.2-119.6)  (93.4-111.2) (20.1-25.9) (22.1-29.9) (2.7-3.4)  (1.4-18)
N 1796.2 2696.0 179.7 169.5 40.3 34.5 5.1 2.2
Othercauses 1603 5.2006.5)  (2367.1-3061.9)  (150.7-203.6)  (150.7-190.9) (35.2-46.0) (29.5-41.3) (4.4-58)  (1.9-2.7)

Note. Data in parentheses are 95% uncertainty intervals.
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standardized prevalence  (816.3, 95% Ul
779.4-858.0) per 100,000, whereas Shanxi had the
lowest age-standardized prevalence (560.7, 95% UI:
528.3-595.3) per 100,000. The age-standardized
mortality rates in all provinces displayed downward
trends. Hong Kong of China had the lowest age-
standardized mortality rate, with 11.2 (95% UI:
10.0-12.6) per 100,000 in 1990 and 5.6 (95% UI:
4.8-7.7) in 2016, whereas Qinghai had the highest
age-standardized mortality rate, with 44.6 (95% UI:
33.7-51.0) per 100,000 in 1990 and 24.2 (95% UI:
19.9-28.0) in 2016 (Supplementary Table S1
available in www.besjournal.com). In the SDI
regions, age-standardized prevalence and mortality
rates displayed decreasing trends from 1990 to
2016. In 2016, the average highest age-standardized
prevalence was detected in the middle SDI region
(704.6 per 100,000), and the average highest age-
standardized mortality was observed in low-middle
SDI region (17.7 per 100,000). Moreover, the age-
standardized prevalence and mortality rates
attributable to HBV were higher than other
etiologies in three SDI regions (Table 2). We used a
linear correlation analysis to demonstrate the
relationship between the SDI values and the age-
standardized mortality rates by provinces in 2016.
The SDI values were negatively correlated with the
age-standardized mortality rates, with a correlation

< — — All-age prevalence
1 ,000 — — - All-age mortality

8001
600+
400+
200+

Prevalence rate per 100,000

<+—— Age-standardized prevalence
——— Age-standardized mortality r2

coefficient of —-0.817.
DALYs

From 1990 to 2016, the absolute number in
thousands of DALYs for cirrhosis and other chronic
liver diseases decreased by 11.7% from 5258.0 (95%
Ul:  4526.4-5610.4) to 4641.1 (95% Ul
4312.9-5533.0). Sex-specific analysis found the
DALYs and age-standardized DALY rates were higher
in males than females (Table 3). All-age DALY rates
per 100,000 dropped from 462.9 (95% UI:
398.5-493.9) in 1990 to 339.5 (95% UI: 315.5-404.7)
in 2016, and age-standardized DALY rates per
100,000 declined considerably by 53.3% from 585.6
(95% UI: 508.7-624.2) to 2735 (95% UI:
254.7-324.9) (Figure 3A).

From 1990 to 2016, the number of DALYs due to
HCV increased by 0.9%, whereas other etiologies
showed decreased trends. In 2016, DALYs of cirrhosis
and other chronic liver diseases induced by HBV
accounted for 49.5% of all DALYs, followed by other
causes (22.0%), alcohol use (15.4%), and HCV
(13.1%). Age-standardized DALY rates per 100,000
attributable to other causes declined by 58.7% from
152.9 (95% UI: 133.8-173.6) in 1990 to 63.2 (95% U!I:
55.1-75.1) in 2016, followed by HBV (52.0%), alcohol
use (51.6%), and HCV (48.7%) (Table 3).

Figure 3B shows that with increased age, the
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Figure 1. Trends in China from 1990 to 2016 for (A) all-age and age-standardized prevalence and
mortality rates of cirrhosis and other chronic liver diseases, and (B) prevalence rates of cirrhosis and

other chronic liver diseases by age groups.
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Figure 2. (A) Deaths for four etiologies of
cirrhosis and other chronic liver diseases by
age groups for both sexes combined in 1990
and 2016; Trends in China from 1990 to 2016
for (B) cross-sectional analysis of mortality of
cirrhosis and other chronic liver diseases by
age groups, and (C) birth cohort analysis of
mortality rates of cirrhosis and other chronic
liver diseases by age groups.

DALYs increased first and then decreased between
1990 and 2016. The largest number of DALYs was
observed in the 50-54 year age range. Other causes
were the largest contributors to DALYs in 0-24 year
age range, while at older ages, hepatitis B was the
most cause. Figure 3C shows that DALY rates were
higher in females than in males at ages under 14
years. At all other ages, DALY rates were higher in
males. The highest rates of DALYs occurred in men
aged 65—-69 years and in women aged 75-79 years.

In 1990, age-standardized DALY rates per
100,000 ranged from 275.1 (95% UI: 245.1-315.2) to
12485 (95% Ul: 894.6-1439.5) in different
provinces. Qinghai had the highest age-standardized
rate of DALYs at 645.2 per 100,000 in 2016, whereas
Hong Kong had the lowest age-standardized rate of
DALYs at 128.0 per 100,000 (Supplementary Table
S1). With respect to the SDI regions, age-
standardized rates of DALYs showed downward
trends from 1990 to 2016, and a pronounced
decrease was observed in the high-middle SDI
region. Relatively higher average age-standardized
rates of DALYs were observed in the low-middle SDI
region between 1990 and 2016 (914.6 and 478.9 per
100,000, respectively). Age-standardized DALY rates
due to HBV were highest in three SDI regions
between 1990 and 2016, followed by other causes,
alcohol consumption, and HCV (Table 2). In addition,
the SDI values were negatively correlated with the
age-standardized DALY rates by provinces, with a
correlation coefficient of —0.828.

Trends for the number of YLDs and age-
standardized YLD rates from 1990 to 2016 at specific
causes are shown by SDI regions in Supplementary
Figure S1 (available in www.besjournal.com).
Generally, there were decreasing slightly trends in
the age-standardized rates of YLDs for four causes
from 1990 to 2016 in each SDI region. However, the
number of YLDs showed increasing trends except for
cirrhosis and other chronic liver diseases due to
other causes in low-middle region. Hepatitis B
contributed the most YLDs at all SDI regions,
followed by other causes, alcohol use and hepatitis C.

DISCUSSION

Characteristics of Prevalence, Mortality, and DALYs

In the present study, we comprehensively
evaluated the temporal health burden of cirrhosis
and other chronic liver diseases caused by several of
the most common etiologies in China. In 2016, China
had approximately 6833.3 thousand prevalence
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cases, accounted for 14.9% of global cases ! From
1990 to 2016, the all-age prevalence rate increased

[8

by 44.4%, but the age-standardized prevalence
slightly decreased by 5.8%, partly because of the

Table 2. The average age-standardized prevalence, death and DALY rates per 100,000 cases of cirrhosis and
other chronic liver diseases by SDI regions in China, 1990 vs. 2016

Age-standardized
prevalence rate per

Age-standardized
death rate per

Age-standardized

DALY rate per

SDI Cause 100,000 100,000 100,000
Change Change Change
1990 2016 (%) 1990 2016 %) 1990 2016 (%)
High-  Cirrhosis and other chronic liver diseases ~ 768.8  699.3 -9.0 15.3 6.7 -56.2 4119 175.7 -57.3
middle Cirrhosis and other chronic liver diseases 378.1 338.5 -10.5 7.7 3.4 -55.8 200.6 85.9 -57.2
due to hepatitis B
Cirrhosis and other chronic liver diseases 86.9 83.6 -3.8 1.5 0.8 -46.7 44.3 21.2 -52.1
due to hepatitis C
Cirrhosis and other chronic liver diseases 115.6 103.6 -10.4 2.3 1.0 -56.5 61.1 26.8 -56.1
due to alcohol use
Cirrhosis and other chronic liver diseases 188.3 1736 -7.8 3.8 1.6 -57.9 105.9 41.9 -60.4
due to other causes
Middle Cirrhosis and other chronic liver diseases 750.7 704.6 -6.1 23.4 117 -50.0 657.8 318.4 -51.6
Cirrhosis and other chronic liver diseases ~ 359.6  337.9 -6.0 11.6 5.9 -49.1 3124 155.6 -50.2
due to hepatitis B
Cirrhosis and other chronic liver diseases 97.7 93.9 -39 2.6 14 -46.2 77.2 41.2 -46.6
due to hepatitis C
Cirrhosis and other chronic liver diseases 1116 102.6 -8.1 3.5 1.8 -48.6 95.3 47.4 -50.3
due to alcohol use
Cirrhosis and other chronic liver diseases 181.8 170.2 -6.4 5.8 2.6 -55.2 172.9 74.1 -57.1
due to other causes
Low-  Cirrhosis and other chronic liver diseases ~ 723.8  654.1 -9.6 324 17.7 -45.4 914.6 478.9 -47.6
middle Cirrhosis and other chronic liver diseases 353.0 319.6 -9.5 16.2 9.0 -44.4 4383 2373 -45.9
due to hepatitis B
Cirrhosis and other chronic liver diseases 90.4 82.4 -8.8 3.4 2.0 -41.2 101.6 58.5 -42.4
due to hepatitis C
Cirrhosis and other chronic liver diseases 104.8 93.3 -11.0 4.7 2.6 -44.7 128.0 69.9 -45.4
due to alcohol use
Cirrhosis and other chronic liver diseases 175.6 158.7 -9.6 8.1 4.0 -50.6 246.7 113.2 -54.1

due to other causes

Note. SDI, Socio-demographic Index; DALY, disability-adjusted life-year.

Table 3. DALYs and age-standardized DALY rates of cirrhosis and other chronic liver diseases by gender,
specific etiologies in China, 1990 vs. 2016

Characteristics

DALY

Number in thousands

Age-standardized rate per 100,000

1990

2016

1990

2016

Overall
Sex
Male
Female
Specific etiologies
Hepatitis B
Hepatitis C
Alcohol use

Other causes

5258.0 (4526.4-5610.4)

3667.3 (2850.9-3995.2)
1590.7 (1484.2-1728.0)

2458.1 (2108.5-2661.7)
604.5 (490.0-683.2)
724.3 (608.5-801.1)

1471.1 (1280.4-1657.9)

4641.1 (4312.9-5533.0)

3631.2 (3312.7-4484.8)
1009.9 (944.2-1071.1)

2297.5 (2094.5-2771.7)
610.1 (536.5-764.7)
712.5 (633.8-886.4)

1020.9 (873.5-1220.7)

585.6 (508.7-624.2)

792.1 (619.4-861.6)
368.6 (343.6-402.8)

280.6 (244.3-303.2)
67.9 (55.6-76.8)
84.3 (71.5-93.2)

152.9 (133.8-173.6)

273.5(254.7-324.9)

420.1 (383.6-517.8)
124.8 (116.5-132.6)

134.7 (123.1-162.2)
34.8 (30.8-43.4)
40.8 (36.5-50.6)
63.2 (55.1-75.1)

Note. Data in parentheses are 95% uncertainty intervals; DALY, disability-adjusted life-year.
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Figure 3. (A) All-age and age-standardized
DALY rates of cirrhosis and other chronic liver
diseases from 1990 to 2016; (B) DALYs for four
etiologies of cirrhosis and other chronic liver
diseases by age groups for both sexes
combined in 1990 and 2016; and (C) Sex
difference in DALY rates per 100,000 for four
etiologies of cirrhosis and other chronic liver
diseases by age groups, 2016.

increased population size and longer life expectancy
in China. In 1990, life expectancy at birth in China is
69.2 years for females and 65.0 years for males,
improved to 79.9 years for females and 73.4 years
for males in 2016"”. The all-age mortality rate per
100,000 population declined by 17.6%, but the age-
standardized mortality rate per 100,000 decreased
considerably by 51.2%. Globally, age-standardized
mortality rates of liver cirrhosis decreased 21.6%
from 20.0 per 100,000 in 1980 to 15.8 per 100,000 in
2010, and this trend was largely driven by countries
in East Asia, particularly in China™. This may
coincide with a series of chronic disease prevention
and control strategies implemented by the Chinese
22)
government over the past few decades™ . From
1990 to 2016, even though the age-standardized
DALY rate declined more rapidly in China (53.3%)
compared with the overall global decline rate
(19.4%)[101, the all-age DALY rate declined by 26.7%.
This was mainly due to three main factors of
population growth, longer life expectancy, and
epidemiological trends in China.

Male preponderance was observed in
prevalence, mortality, and DALYs. Previous studies
have reported that males with chronic hepatitis B
and C had greater progression rate to fibrosis
compared with females™>*" Although women
tended to develop ALD after exposure to the same
amount of alcohol than men, the higher proportion
of high alcohol consumption was observed in men in
China”**. on average, there were twice as many
cirrhosis deaths in men than in women™?. Moreover,
the burden of cirrhosis and other chronic liver
diseases in elderly individuals (aged > 60 years)
showed an increase from 1990 to 2016. On the one
hand, older individuals may be more easily infected
with HBV-related diseases because of the lack of
vaccine protection when they were youngm]. On the
other hand, this situation may be significantly
related to the natural history of cirrhosis and other
chronic liver diseases. Cirrhosis has an asymptomatic
and longer compensated phase than the
decompensated phase, and the median is more than
12 years and about 2 vyears respectivelym. Birth
cohort effect on mortality showed a downward
trend from earlier birth cohorts to later birth
cohorts. The possible reason was that later birth
cohorts obtained better education and had stronger
awareness of health protection and disease
prevention than earlier birth cohorts"””. Therefore,
health education and interventions dealing with
cirrhosis and other chronic liver diseases should be
implemented among males and older people.
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From 1990 to 2016, the epidemiological patterns
varied considerably by provinces. For example, age-
standardized prevalence rates in most provinces
displayed decreasing trends, whereas the opposite
occurred in Yunnan and Shandong. Yunnan was an
important epidemic center for blood-borne viruses
such as hepatitis C virus®®. Shandong was a low
incidence area of hepatitis B and C, but the
prevalence of ALD was 8.55% in 2011, which was
higher than the median prevalence of ALD (4.5%) in
Chinese people[zg'all. In 2016, Beijing had the highest
age-standardized prevalence and Shanxi had the
lowest age-standardized prevalence. This could be
explained by demographic structure of each
province. As the capital city of China, Beijing has
been experiencing a rapid growth in the number of
floating populationm]. A study demonstrated that
floating population had higher HBV prevalence than
local residents, which may be the reason for the high
prevalence of cirrhosis and other chronic liver
diseases in Beijingm]. Qinghai had the highest age-
standardized mortality and DALY rates between
1990 and 2016, whereas Hong Kong had the lowest
age-standardized mortality and DALY rates. Several
nationwide surveys showed that Qinghai province
had the highest incidence of viral hepatitis,
especially HBV and HCV?**" On the other side, high
burden in Qinghai could be significantly attributed to
undeveloped economy, low healthcare accessibility
and low awareness of public health®. However,
Hong Kong has the opposite situation, along with the
developed economy and excellent performance of
public medical systemBG]. In the SDI regions, average
highest age-standardized prevalence rates were
detected in the middle SDI region, and low-middle
SDI region had the highest age-standardized
mortality and DALY rates between 1990 and 2016. In
addition, the SDI values were negatively correlated
with the age-standardized mortality and DALY rates
by provinces. These regional differences may be not
only due to significant differences in economic
development levels and healthcare, but also due to
different distributions of risk factors for cirrhosis and
other chronic liver diseases in each province.
Consequently, the level of risk factors should be
estimated at the provincial level to better explain the
different patterns in the burden of cirrhosis and
other chronic liver diseases. Given the limited health
resources in China, effectively oriented intervention
and prevention strategies are essential.

Characteristics of Specific Etiologies

Chronic viral hepatitis, mainly for HBV and HCV,

is a well-recognized risk factor for cirrhosis and other
chronic liver diseases. In 2016, there were
approximately 12 million people with cirrhosis and
other chronic liver diseases in China, and 48.9% were
caused by HBV infection. From 1990 to 2016, it was
obvious that age-standardized prevalence rates due
to HBV decreased, although the absolute number of
cases increased. This decline could be primarily due
to a series of vaccination campaigns, such as ‘free-of-
charge HBV vaccination’ for all neonates since 1992
and a ‘catch-up HBV vaccination’ program for
children aged 8-15"".  These efforts had
considerably reduced the HBsAg carrier rates of the
general population, from 9.8% in 1992 to 7.2% in
2006™". In 2016, the age-standardized mortality rate
per 100,000 induced by HBV was 5.1 (95% UI:
4.7-6.1), which was similar to the global rate of 5.2
(95% UI: 4.7-6.0)". DALYs attributable to HBV
accounted for 49.5% of all DALYs of cirrhosis and
other chronic liver diseases in 2016. Thus, HBV
remains the major cause of the burden of cirrhosis
and other chronic liver diseases in China.

From 1990 to 2016, HCV had the most
pronounced increase in prevalence cases, deaths,
and DALYs, and the age-standardized prevalence,
mortality, and DALYs rates per 100,000 had a lower
decrease than other etiologies. Similarly, research
showed that despite the decreasing prevalence, new
cases of HCV recently increased in China, partly due
to better diagnosis, new infection, as well as aging
infected populationBS]. HCV is an emerging
healthcare issue in China.

A study demonstrated that a higher proportion
of cirrhosis within a region was related to higher
rates of alcohol use™”. From 1990 to 2016, the age-
standardized prevalence rates due to alcohol use
showed a slightly decreasing trend, but the
prevalence cases significantly increased. In China,
the prevalence of ALD increased from 2.27% in 2000
to 8.74% in 2015 This study suggested that males
had greater health burdens attributable to alcohol
consumption than females. This is parallel with
drinkers accounting for 56% of men and 15% of
women in China"”. The highest number of DALYs
due to alcohol consumption was detected in those
aged 50-54 years in 2016, consistent with a study in
north-east China that the highest prevalence rates of
ALD were in 40-49 age group in males and 50-59
age group in females”™”. Therefore, in China, alcohol
consumption cannot be a neglected risk factor for
cirrhosis and other chronic liver diseases.

Apart from HBV, HCV, and alcohol use, factors
such as aflatoxin B1, diabetes, tobacco, obesity, and
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NAFLD were classified into ‘other causes’ and were
considered common etiologies of liver cirrhosis and
. [41-43] . . .

liver cancer . With rapid economic development
and improved living standards, the prevalence of
metabolic liver diseases such as NAFLD displays
gradually upward trends, which eventually leads to
more cases of end-stage liver diseases'”. In this
study, although the age-standardized prevalence
rates attributable to other causes showed
decreasing trends from 1990 to 2016, the absolute
number of prevalence cases increased by nearly
50%. The highest number of DALYs due to other
causes was detected in those aged 50-54 years in
2016. Some epidemiological studies have shown that
the prevalence of NAFLD in China is approximately
15% among adults™ Moreover, NAFLD is very
prevalent in patients with HBV infection, and the
prevalence rose from 8.2% to 31.8% between 2002
and 2011"". In the near future, other causes may
replace HBV as a major concern of chronic liver
diseases in China.

Strengths and Limitations

There are several strengths in this report. First,
this study revealed the major epidemiological trends
in cirrhosis and other chronic liver diseases by
provinces, SDI regions, sex, and age groups. Second,
the updated information was provided to precisely
evaluate the health burden due to specific etiologies
in China and to facilitate the government to develop
oriented strategies. Finally, to improve the model
validity and decrease uncertainty from various
sources, GBD 2016 improved the method and
available data sources.

However, this study presents some important
limitations. First, the data from GBD 2016 retained
methodological general limitations™*®°. Second,
there were inevitable measurement errors in
estimating the disease burden of cirrhosis and
other chronic liver diseases in China using the
standard GBD method, which may increase the
inaccuracy of the results. Finally, the interaction
of several factors was not taken into account in
this study. For example, HCV coinfection adversely
affects liver fibrosis in HBV patients, increasing
the number of decompensated cirrhosis
patients[46].

CONCLUSION
Cirrhosis and other chronic liver diseases remain

a substantial health burden in China, with the
increase of population and the aging of population.

HBV remains the major cause of the health burden
of cirrhosis and other chronic liver diseases. HCV is
also a recent factor that cannot be ignored. In
addition, ALD and NAFLD are emerging as leading
causes of chronic liver diseases. Fortunately, these
etiologies are preventable and now more
controllable. Thus, up-to-date information about the
trends facilitates developing a targeted prevention
and control strategy to effectively reduce the
healthcare burden.
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Supplementary Figure S1. Trends of age-standardized YLD rates per 100,000 and YLDs of cirrhosis and
other chronic liver diseases from 1990 to 2016, by specific etiologies, by SDI regions.



