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Objectives: This study aimed to reveal the 30-year dynamics of hepatitis B virus (HBV) and hepatitis C
virus (HCV) disease burden in China from 1990-2019.

Methods: HBV/HCV data were retrieved from the Global Burden of Disease database. Joinpoint regres-
sion was used to examine temporal trends. Age-period-cohort models were applied to evaluate effects of
patient age, period, and cohort on HBV/HCV-associated mortality and incidences.

Keywords: Results: A dramatic decrease in the disease burden of HBV was found from 1990-2019, but the disease
HBV burden of HCV has remained stable since 2000. Patient age, period, and cohort exerted a significant ef-
HCV fect on the diseases burden of HBV and HCV infection. Compared with women, men had a higher risk

Disease burden

. of HBV/HCV infections as well as HBV/HCV-associated mortality and liver cancer. Overweight, alcohol,
Age-period-cohort

tobacco, and drug use were important risk factors associated with HBV/HCV-associated liver cancer. The
incidences of HBV- and HCV-associated liver cancer from 2019-2044 are expected to decrease by 39.4%
and 33.3%, respectively.

Conclusion: The disease burden of HBV/HCV infection has decreased in China over the past 30 years, but
HBV incidences remain high, especially in men. Effective management of HBV and HCV infections is still

needed for high-risk populations.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Hepatitis B virus (HBV) and hepatitis C virus (HCV) could
cause acute/chronic hepatitis, cirrhosis, and eventually liver can-
cer (Fattovich, 2003; Ringelhan et al.,, 2017). At least 60% of liver
cancers can be found in patients with HBV and/or HCV infection
(de Martel et al., 2015). In the evaluation of global disease bur-

Abbreviations: DALY, Disability-standardized life year; ASDR, Age-standardized
DALY rate; ASIR, Age-standardized incident rate; ASMR, Age-standardized mortal-
ity rate; AAPC, Average annual percentage change; APC, Annual percentage change;
GBD, Global Burden of Disease..
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den measured by the disability-adjusted life year (DALY), HBV and
HCV accounted for the largest proportion of DALY in the category
of chronic liver diseases (Paik et al., 2020). On the one hand, acute
hepatitis B usually causes elevated transaminases and temporary
jaundice, which are usually transient and self-limiting for most pa-
tients (Trépo et al., 2014). In contrast, patients with chronic HBV
are more likely to progress to end-stage liver diseases and liver
cancer, resulting in a high risk for mortality (Fattovich et al., 2008).
On the other hand, compared with chronic HBV, chronic HCV of-
ten causes liver fibrosis and cirrhosis, which lead to a higher risk
of liver cancer and mortality (Bruix et al., 2005; Westbrook and
Dusheiko, 2014). Patients with acute hepatitis C are often asymp-
tomatic (Grebely et al., 2011) and symptomatic patients usually
have clinical symptoms, such as fatigue, nausea, jaundice, or ele-
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vated aminotransferase, which are similar to those with acute hep-
atitis B.

A large population of patients infected with HBV and HCV have
been reported in China, despite a great effort to control hepati-
tis diseases. China has invested heavily in basic research and vac-
cine and drug development to control the spread of HBV and
HCV (Liu et al., 2016). Since the early 1990s, HCV screening (often
before blood transfusion) and HBV immunization programs have
been conducted mandatorily in China (Wang et al., 2014). Since
2005, the free HBV vaccination program has been implemented for
newborns (Kane et al., 2013). These programs have consistently re-
duced the number of HBV and HCV infections to a large extent.
Despite these efforts, the absolute number of HBV and HCV cases
remains high in China due to its large population (Liu et al., 2019a).

As one of the most comprehensive global epidemiologic
databases, the Global Burden of Disease (GBD) 2019 database in-
cludes information on the incidence, mortality, and DALYs (GBD
2019 Viewpoint Collaborators, 2019; GBD 2019 Diseases and In-
juries Collaborators, 2020), but detailed analyses of HBV/HCV-
associated disease burden in China have not been reported to date.
On the basis of the GBD 2019 database, this study aimed to reveal
the disease burden of HBV/HCV-associated liver diseases, explore
the mortality-related risk factors of chronic HBV/HCV diseases, and
evaluate the future trend of HBV/HCV-associated liver cancer in
China.

Methods
Data source

We retrieved data from the GBD 2019 database (https://ghdx.
healthdata.org/ghd-2019). The estimated population of China was
retrieved from the United Nations World Population Prospects 2019
Revision (https://population.un.org/wpp/). The world standard pop-
ulation data were obtained from the World Standard (WHO 2000-
2025) (https://seer.cancer.gov/stdpopulations/world.who.html).

Data collection

The incidences, mortality, DALY rates, seX, age, and main cate-
gories of diseases in China from 1990-2019 were extracted from
the GBD 2019 database. HBV- and HCV-associated diseases in-
clude acute hepatitis, chronic hepatitis, cirrhosis, and liver cancer.
Metric parameters included rates (per 100,000 population), per-
centages, and numbers. Risk factors attributable to deaths were
also collected from the GBD 2019 database. A total of four factors
were collected, including body mass index (BMI), alcohol use, drug
use, and tobacco use. High BMI was defined as a value above 25
(kg/m?). Alcohol use was defined as the average pure alcohol con-
sumption >10g/day during the past 12 months. The consumption
of pure alcohol (males: >60g, females: >48g) on a single occasion
was defined as binge drinking. Drug use was defined as the regular
use of opioids, cannabis, cocaine, amphetamines, and ever injected
drugs (GBD 2016 Risk Factor Collaborators, 2017). Tobacco use in-
cluded smoking, chewing tobacco, and secondhand smoke.

Statistical analysis

The age-standardized rate was known to eliminate the differ-
ences in age structures. The methodology that calculates the age-
standardized rate was reported previously (Liu et al., 2019b). To an-
alyze the temporal trend of HBV and HCV infection per year, we
used joinpoint regression models (https://surveillance.cancer.gov/
joinpoint/) to calculate the annual percentage changes (APC), av-
erage annual percentage change (AAPC), as well as the trend test
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of them (Liu et al., 2021). The grid search method was used to de-
termine the joinpoint, while permutation tests were used to select
the optimal model. To evaluate the effects of age, period, and co-
hort on the incidence and mortality of HBV and HCV infection, we
used the APC web tool (https://dceg.cancer.gov/tools/analysis/apc)
to estimate the parameter of net drift, longitudinal age trend, age,
period, and cohort deviations. The definition and function of these
parameters have been discussed in previous studies (Gao et al.,
2020). To predict the trends of incidence and mortality in HBV
and HCV infection, we used the age-period-cohort model from the
Nordpred package in R that takes into account the impact of pop-
ulation structures (Li et al., 2021; Saeaib et al., 2019; Valery et al.,
2018). A P-value <0.05 was considered statistically significant. Sta-
tistical analyses were performed using the Joinpoint Regression
Program v4.9, R x64 v4.1, and GraphPad prism v8.0.1.

Results
Temporal trend of the disease burden of HBV and HCV in China

On the basis of the extracted data from the GBD 2019 database,
nearly 23,355,000 patients infected with HBV (approximately 29.0%
of the global HBV infections) and nearly 625,000 patients infected
with HCV (approximately 10.0% of the global HCV infections) oc-
curred in China in 2019. Male patients accounted for a majority of
HBV (64.6%) and HCV (53.5%) infections in 2019. Compared with
the data in 1990, the number of HBV and HCV new infections in
2019 decreased by 30.1% and 38.0%, respectively. In 2019, the num-
ber of HBV-associated DALY cases and deaths was nearly 4,979,000
and 162,000, respectively (Table 1); the number of HCV-associated
DALY cases and deaths was 2,035,000 and 78,000, respectively
(s). Among HBV/HCV-associated diseases, liver cancer caused the
highest mortality rate in 2019 (5.8 per 100,000 for HBV, 1.75 per
100,000 for HCV), followed by cirrhosis (2.2 per 100,000 for HBV,
2.3 per 100,000 for HCV), and acute hepatitis (<1 per 100,000 for
HBV or HCV).

We used the age-standardized incident rate (ASIR), age-
standardized DALY rate (ASDR), and age-standardized mortality
rate (ASMR) to quantify the disease burden of HBV and HCV infec-
tions. All rates were reported per 100,000 person-years. The ASIR
of HBV-associated diseases was much higher than that of HCV-
associated diseases (Figure 1). The ASIR of HBV and HCV infection
was consistently higher in men than in women, and so did the
ASDR and ASMR (Figures S1 and S2). From 1990-2019, the ASIR of
HBV (AAPC, -2.3[-2.4-2.1]) and HCV infection (AAPC, -1.5[-2.0-1.1])
was declining (Table S1). The difference was probably caused by
the fact that the ASIR of HBV-associated diseases declined rapidly
from 2000-2019, whereas the ASIR of HCV-associated diseases re-
mained stable from 2000-2019. Incidences of cirrhosis and other
chronic liver diseases significantly declined from 2010-2015 and re-
mained stable from 2015-2019. The ASIRs and ASDRs of liver can-
cer also remained stable from 2010-2019.

Age-period-cohort analysis of incidence and mortality

From 1990 to 2019, the net drift of incidence was -2.3% (-
2.4%-2.2%) per year for HBV-associated diseases and -1.8% (-2.2-
1.4%) per year for HCV-associated diseases. A decrease in the over-
all annual percentage of HBV-associated diseases was nearly 1.3
times higher than that of HCV-associated diseases. The net drifts
of mortality were -5.6% (-5.8-5.3%) per year for HBV-associated
diseases and -4.8% (-5.2- -4.4%) per year for HCV-associated dis-
eases (Figure 2A). Note that a high absolute value of net drifts
of mortality indicates a fast decrease in mortality. An increase
in HBV-associated mortality was found among patients aged <50
years and a decrease in patients aged >50 years (Figure 2B). The
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Table 1
Changes in age-standardized rates and the incidences of HBV infections in China between 1990 and 2019.
Sex Age-standardized incidence Age-standardized mortality Age-standardized DALY rates
1990 2019 Change 1990 2019 Change 1990 2019 Change 1990 2019 Change 1990 2019 Change 1990 2019 Change
(%) (%) (%) (%) (%) (%)
No.x105  No.x10° ASIR/10°  ASIR/10° No.x103  No.x103 ASMR/10°  ASMR/10° No.x103  No.x103 ASDR/10°  ASDR/10°
Total burden for HBV
All 3343 233.6 -30.1 2726.0 1397.3 -48.7 228.7 162.1 -29.1 24.7 8.1 -67.2 80.3 49.8 -38.0 793.4 247.7 -68.8
Female 123.7 82.6 -33.2 2088.8 1008.5 -51.7 52.9 293 -44.7 11.8 29 -75.4 17.3 7.8 -54.7 355.8 773 -78.3
Male 210.6 151.0 -28.3 33274 1776.9 -46.6 175.8 132.8 -24.4 378 13.8 -63.5 63.0 42.0 -334 1211.7 419.7 -65.4
Acute hepatitis B
All 331.6 231.0 -30.3 2699.3 1384.0 -48.7 115 29 -74.8 12 0.2 -83.3 6.0 14 -76.2 54.6 8.3 -84.8
Female 123.0 81.9 -334 2074.6 1001.7 -51.7 44 0.8 -81.3 0.9 0.1 -88.9 23 0.4 -82.0 441 5.2 -88.2
Male 208.6 149.0 -28.5 32883 1756.8 -46.6 7.0 21 -70.7 14 0.2 -85.7 3.7 1.0 -72.5 64.5 114 -82.3
Cirrhosis and other chronic liver diseases due to HBV
All 12 13 8.6 10.2 6.7 -343 64.6 422 -34.7 73 2.2 -69.9 21.7 124 -429 218.2 61.7 -71.7
Female 0.4 0.5 16.3 83 51 -38.6 215 11.7 -45.5 5.0 12 -76.0 6.3 29 -54.2 134.5 28.0 -79.2
Male 0.7 0.8 2.7 12.0 83 -30.8 432 30.5 -29.4 9.6 33 -65.6 154 9.5 -38.2 297.7 95.8 -67.8
Cancer due to HBV
All 1.6 14 -14.6 16.5 6.6 -60.0 152.6 117.0 -233 16.2 5.8 -64.2 52.7 36.0 -31.7 520.6 177.7 -65.9
Female 0.3 0.2 -333 59 1.7 -71.2 27.0 16.7 -38.1 59 1.6 -72.9 8.6 4.5 -47.8 177.2 44.0 -75.2
Male 13 12 -10.7 271 11.8 -56.5 125.6 100.3 -20.2 26.8 10.2 -61.9 44.0 315 -28.5 849.5 3125 -63.2
Table 2
Changes in age-standardized rates and the incidences of HCV infections in China between 1990 and 2019.
Age-standardized incidence Age-standardized mortality Age-standardized DALY rates
Sex 1990 2019 Change 1990 2019 Change 1990 2019 Change 1990 2019 Change 1990 2019 Change 1990 2019 Change
(%) (%) (%) (%) (%) (%)
No.x10°  No.x10° ASIR/10°  ASIR/105 No.x103  No.x103 ASMR/105  ASMR/10° No.x103  No.x10"3 ASDR/10°  ASDR/105
Total burden for HCV
All 9.96 6.25 -37.2 879 55 -374 80.0 78.04 -24 9.7 4.0 -58.8 23.98 20.36 -15.1 253.8 100.8 -60.3
Female 4.95 291 -41.2 911 54.6 -40.1 34.5 2843 -17.6 8.4 2.8 -66.7 9.03 6.3 -30.2 199.2 60.3 -69.7
Male 5.01 335 -331 85.0 55.9 -34.2 45.5 49.61 9.0 11.0 5.5 -50.0 14.95 14.06 -6.0 304.2 1424 -53.2
Acute hepatitis C
All 8.92 478 -46.4 773 471 -39.1 1.05 0.09 -914 0.1 0* - 0.50 0.04 -92.0 4.6 0.2 -95.7
Female 4.51 2.32 -48.6 815 48.6 -40.4 0.48 0.03 -93.8 0.1 0 - 0.24 0.01 -95.8 4.4 0.2 -95.5
Male 441 247 -44.0 735 46.2 -371 0.57 0.06 -89.5 0.1 0 - 0.27 0.02 -92.6 4.8 0.3 -93.8
Cirrhosis and other chronic liver diseases due to HCV
All 0.69 113 63.8 6.1 6.1 0 41.79 44.87 74 4.6 23 -50.0 14.38 13.18 -8.3 1433 65.5 -54.3
Female 0.24 0.42 75.0 4.6 43 -6.5 1211 10.66 -12.0 2.8 1.0 -64.3 3.67 2.66 -275 774 25.7 -66.8
Male 0.46 0.71 54.3 75 79 53 29.68 34.21 153 6.5 3.7 -43.1 10.71 10.52 -1.8 206.1 106 -48.6
Cancer due to HCV
All 0.35 0.34 -2.9 4.5 18 -60.0 37.16 33.08 -1 5.0 1.8 -64 9.09 7.14 -21.5 105.9 351 -66.9
Female 0.21 0.18 -14.3 5.0 17 -66.0 21.92 17.74 -19.1 5.5 17 -69.1 513 3.64 -29.0 1174 34.5 -70.6
Male 0.15 0.16 6.7 4.0 19 -52.5 15.24 15.34 0.7 4.3 1.8 -58.1 3.97 3.51 -11.6 933 36.1 -61.3
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Figure 1. Temporal trend of age-standardized incidences for HBV- and HCV-associated diseases in China from 1990-2019. (A) Temporal trend of age-standardized incidences
for total HBV/HCV-associated diseases; (B) Temporal trend of age-standardized incidences for acute hepatitis B and hepatitis C; (C) Temporal trend of age-standardized
incidences for cirrhosis and other liver diseases associated with HBV/HCV; (D) Temporal trend of age-standardized incidences for HBV/HCV-associated liver cancer. Results of
the age-standard DALY rate and age-standardized mortality are shown in Figure S1 and S2.

HCV-associated mortality was rising with age, and the mortality
rate in patients aged >87 years was 14.1 per 100,000 (Figure 2B).
The incidences of HCV-associated diseases were stable, whereas
an increase in the incidences of HBV-associated diseases was ob-
served in patients aged <30 years and a decrease in patients
aged >30 years (Figure 2C). Compared with the period risk ra-
tio from 2000-2004, there was a decrease in the period risk ratio
of HBV-associated mortality (55%) and HCV-associated mortality
(47%) from 2015-2019. The incidence of HBV- and HCV-associated
diseases showed a similar decrease (Figure 2D). Cohort risk ratio of
HBV- and HCV-associated diseases and mortality showed decreas-
ing trends along with the birth age of patients (Figure 2E).

Risk factors for HBV/HCV-associated chronic diseases

Figure 3 shows the age distribution of HBV- and HCV-associated
chronic diseases and liver cancer. The mortality risk was higher
in patients with liver cancer than in those with cirrhosis or other
chronic liver diseases (Figure 3). The number of deaths from HBV-
associated liver cancer was highest in patients aged 65-69 years
(15,654), whereas that of HCV-associated liver cancer was highest
in patients aged 70-74 years (5374).

479

Since liver cancer, cirrhosis, and other chronic liver diseases are
known for their high risk of mortality, we analyzed whether alco-
hol use, drug use, high BMI, or tobacco use could play a role in
the risk factors of HBV/HCV-associated diseases. A large proportion
(57.9%) of mortality among patients infected with HBV with cir-
rhosis and other chronic liver diseases could be attributable to al-
cohol use. In deaths of HCV-associated cirrhosis and other chronic
liver diseases, alcohol use (60.2%) and drug use (81.5%) were at-
tributed to a large proportion (Figure 4A). Tobacco use was the
major death-associated factor in patients with HBV-associated liver
cancer, especially those aged from 60- 69 years (25.4%). In contrast,
drug use was the major death-associated factor in patients with
HCV-associated liver cancer, especially in those aged from 35-59
years (88.5%) (Figure 4B).

Incidence and mortality of HBV/HCV-associated liver cancer

To predict the disease burden of HBV and HCV from 2019-2044,
we used the Nordpred R package (see Methods) to evaluate the
ASIR and ASMR of HBV/HCV-associated liver cancer, the number
of cases, and deaths. Figure 5 shows the estimated number of
HBV/HCV-infected new cases in men and women from 1990-2044.
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Figure 3. Age distribution of HBV- and HCV-associated chronic diseases and liver cancer in 2019. (A) Age distribution of HBV- and HCV-associated cirrhosis and other chronic

liver diseases; (B) Age distribution of HBV- and HCV-associated liver cancer.

The overall incidence and mortality of HBV- and HCV-associated
liver cancer is expected to steadily decline till 2034 and to remain
stable thereafter. The ASIR of HBV-related liver cancer in 2019
was 6.6 per 100,000 population, which will likely fall to 4.0 per
100,000 population by 2044. If the ASIR increased 1% per year on
the basis of the reference data of 2019, the number of liver cancer
new cases would increase by approximately 85.9% in 2044. The dif-
ference between the upper and lower limits was 70.9% (Figure 5B).
The incidences of HBV-associated liver cancer will decrease by ap-
proximately 21.0% from 2019-2044 and the decrease will be 15.4%
and 28.0% among men and women, respectively.

Age-standardized mortality rates and age-standardized inci-
dence rates shared similar patterns in patients infected with HBV
with liver cancer (Figure 5A and 5C), so did the number of
HBV-associated new cases and deaths (Figure 5B and 5D). There
is a small decline in age-standardized incidence rates in HCV-
associated liver cancer (from 1.8 per 100,000 in 2019 to 1.2 per
100,000 in 2044), with a small difference between men and
women (Figure 5E and 5G). In 2019, there were 31,128 new cases
of HCV-associated liver cancer, which will probably rise to 40,237
(22.6% increase) in 2044. The increase in the total incidence of
HCV-associated liver cancer was 26.6% and 23.7% for men and
women, respectively (Figure 5F). Compared with results in 2019,
the total incidence of HCV-associated liver cancer in 2044 will in-
crease by 34.2% (men: 25.3%, women: 30.1%) (Figure 5H).

Discussion

We analyzed the disease burden of HBV and HCV infections in
China in the past 30 years. The overall HBV- and HCV-associated
disease burden has been decreasing in China. The total burden of
HCV infection and the burden of HCV-associated diseases also de-
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creased globally (Ginzberg et al., 2018; Ott et al., 2017; Thrift et al.,
2017). The incidence of acute hepatitis B decreased significantly
over time but that of HBV-related chronic diseases remained sta-
ble in recent years. In contrast, the ASMR and ASDR of acute and
chronic HBV and HCV exhibited a decreasing trend in recent years.

We used an age-period-cohort model to analyze the effect
of age, period, and cohort on the incidences and mortality of
HBV and HCV infection. Age effects reflect the change of inci-
dence/mortality along with patient age. Period effects refer to the
change of incidence/mortality in different time periods due to
many factors, such as different screening strategies, disease diagno-
sis technology, changes in disease definitions and registration, and
improvement in treatment. Cohort effects cover the changes of in-
cidence/mortality due to different levels of exposure to risk factors
in different generations (Robertson et al., 1999). Our results suggest
that the age and period effects on the HBV- and HCV-associated in-
cidences and mortality were statistically significant, and the risk of
incidence and mortality decreased over time. Of interest, patients
born after 2000 had a lower mortality risk than those born before
2000, probably due to the improvement of medical care levels and
the application of antiviral drugs (Jing et al., 2020; Shi et al., 2021;
Wang et al., 2014). After controlling period and cohort effects, we
observed that the risk of HCV-associated mortality increased with
age, whereas the risk of incidence was similar across different age
groups, except for those patients aged <5 years. The high inci-
dences of HCV in patients aged <5 years might be associated with
mother-to-child transmission (Dugan et al., 2021; Gentile et al.,
2014).

Since HBV- and HCV-associated deaths are mainly due to
chronic liver diseases, such as cirrhosis and liver cancer, we ana-
lyzed the mortality-associated risk factors in patients with chronic
hepatitis infections. It is known that many risk factors are asso-
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ciated with chronic HBV, including male sex (Si et al., 2019), ad-
vanced age, low BMI (Desalegn et al., 2019), alcohol use, high ala-
nine aminotransferase (Zhou et al., 2020a), and decompensated
cirrhosis (Desalegn et al, 2019). HCV-associated factors include
male sex, advanced age, and lifestyle, such as smoking and drink-
ing (Nguyen et al., 2009). We found that alcohol use was associ-
ated with the deaths of HBV- and HCV-related cirrhosis and other
chronic liver diseases. Alcohol is known as a liver toxin and alcohol
use is recognized among the top 10 risk factors for deaths and the
GBD and injury. A synergistic effect between alcohol use and liver
damage is known to cause chronic liver diseases and to increase
the risk of cirrhosis and hepatocellular carcinoma (Hsu and Kowd-
ley, 2016; Im et al., 2021). Furthermore, alcohol consumption in-
creases the risk of adverse outcomes for HBV/HCV-associated liver
diseases (Fuster and Samet, 2018). In our analysis of deaths, smok-
ing incidences were higher among men than women. Previous
studies suggested that smoking is an independent risk factor for
liver fibrosis, and tobacco-related chemicals cause a variety of body
damage, including liver damage (Premkumar and Anand, 2021). In
addition to alcohol use, tobacco use, smoking, opioid abuse, and
drug use are also important factors associated with HBV and HCV
infections (Shi et al., 2021).

To understand the long-term burden of HBV- and HCV-
associated liver cancer, we predicted their future incidence and
mortality in China. Our results suggested that the ASIR and ASMR
of HBV-related liver cancer would likely decrease in the future. On
the basis of the ASIR and ASMR of 2019, we made a reference trend
forecast for the number of HBV- and HCV-associated liver cancer
cases and deaths. Our results show that a 1% annual increase or
decrease from the 2019 reference data will result in a difference
of 70.9% (1% annual decrease: 15.0%, 1% annual increase: 85.9%)
of the projected number in 2044, whereas the difference in HCV-
related liver cancer is 107.1% (1% annual decrease: 73.9%, 1% an-
nual increase: 181.0%). Therefore, controlling viral infection is im-
portant to prevent liver cancer. From the perspective of sex, the
ASIR and ASMR of HBV-associated liver cancer in men were higher
than that in women. Our results indicate that male patients are at
higher risk for HBV-associated liver cancer, which should be the
focus of future prevention and control. Moreover, the COVID-19
pandemic that causes severe morbidity and mortality (Jing et al.,
2022, Jiang et al., 2020; Li and De Clercq, 2020; Li et al., 2020,
2022; Miao et al., 2021; Zhou et al., 2020b) exerts an impact on the
HBV/HCV screening and management (Mandel et al., 2022). Future
studies need to estimate HBV/HCV disease burden with detailed
data of other social, economic, and pandemic factors.

Our study has several limitations. First, our study analyzed the
HBV/HCV-associated disease burden in China using the GBD 2019
database (Liu et al., 2022), but missing data and model deviations
might affect the results (Wang et al., 2022). Second, our study
could not report the spatial distribution of HBV and HCV infec-
tion in China because there is a lack of provincial data in the
GBD database. Third, risk factors were analyzed but the impact of
HCV/HBV treatment interventions (De Clercq and Li, 2016; Li and
De Clercq, 2022; Li et al.,, 2021a, 2021b) was not analyzed in our
study. Future studies are still needed to address the role of risk
factors in the control of HBV and HCV infections.

Conclusions

The HBV- and HCV-associated disease burden has decreased in
China over the past 30 years. The disease burden of HBV is much
higher than that of HCV, especially among men. Mortality rates
are much lower in patients with acute hepatitis infection than in
those with other HBV/HCV-associated liver diseases. Alcohol, to-
bacco, and drug use are important risk factors for HBV- and HCV-
associated chronic liver diseases. The incidences of HBV- and HCV-
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associated liver cancer are expected to decline in China. Effective
management of HBV and HCV infections is still needed for high-
risk populations.

Authors contributions

TY performed statistical analyses and drafted the manuscript;
QZ, TC, and MX contributed with data interpretation; HZ, MRP, and
EDC contributed with the discussions of the manuscript. GL ob-
tained funding and revised the manuscript. All authors contributed
to the final article.

Funding

This research was funded by the National Nature Science Foun-
dation of China (31871324, 81730064) and the National Science
and Technology Major Project (2018ZX10715004). The funders had
no role in the study design, data collection, data analysis, data in-
terpretation, or writing of the report.

Ethical approval statement

Ethical approval and statement from an ethics committee were
not required because this study disclosed no patient information
and used publicly available data freely shared by the GBD2019
database (https://www.healthdata.org/about/data).

Declaration of competing interest
The authors have no competing interests to declare.
Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/.ijid.2022.06.017.

References

De Clercq E, Li G. Approved antiviral drugs over the past 50 years. Clin Microbiol
Rev 2016;29:695-747.

de Martel C, Maucort-Boulch D, Plummer M, Franceschi S. World-wide relative con-
tribution of hepatitis B and C viruses in hepatocellular carcinoma. Hepatology
2015;62:1190-200.

Desalegn H, Aberra H, Berhe N, Medhin G, Mekasha B, Gundersen SG, et al. Predic-
tors of mortality in patients under treatment for chronic hepatitis B in Ethiopia:
a prospective cohort study. BMC Gastroenterol 2019;19:74.

Dugan E, Blach S, Biondi M, Cai Z, DePaola M, Estes C, et al. Global prevalence
of hepatitis C virus in women of childbearing age in 2019: a modelling study.
Lancet Gastroenterol Hepatol 2021;6:169-84.

Fattovich G. Natural history and prognosis of hepatitis B. Semin Liver Dis
2003;23:47-58.

Fattovich G, Bortolotti F, Donato F. Natural history of chronic hepatitis B:
special emphasis on disease progression and prognostic factors. J Hepatol
2008;48:335-52.

Fuster D, Samet JH. Alcohol use in patients with chronic liver disease. N Engl ] Med
2018;379:1251-61.

Gao D, Zou Z, Zhang W, Chen T, Cui W, Ma Y. Age-period-cohort analysis of HIV
mortality in China: data from the global burden of disease study 2016. Sci Rep
2020;10:7065.

GBD 2016 Risk Factors Collaborators. Global, regional, and national comparative risk
assessment of 84 behavioural, environmental and occupational, and metabolic
risks or clusters of risks, 1990-2016: a systematic analysis for the Global Burden
of Disease Study 2016. Lancet 2017;390:1345-422.

GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic analysis for
the Global Burden of Disease Study 2019. Lancet 2020;396:1204-22.

GBD 2019 Viewpoint Collaborators. Five insights from the Global Burden of Disease
Study 2019. Lancet 2020;396:1135-59.

Gentile I, Zappulo E, Buonomo AR, Borgia G. Prevention of mother-to-child trans-
mission of hepatitis B virus and hepatitis C virus. Expert Rev Anti Infect Ther
2014;12:775-82.

Ginzberg D, Wong RJ, Gish R. Global HBV burden: guesstimates and facts. Hepatol
Int 2018;12:315-29.

Grebely J, Matthews GV, Dore GJ. Treatment of acute HCV infection. Nat Rev Gas-
troenterol Hepatol 2011;8:265-74.


https://www.healthdata.org/about/data
https://doi.org/10.1016/j.ijid.2022.06.017
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0002
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0003
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0004
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0005
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0006
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0007
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0008
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0009
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0011
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0012
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0013
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0014
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0015
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0016

T. Yue, Q. Zhang, T. Cai et al.

Hsu CC, Kowdley KV. The effects of alcohol on other chronic liver diseases. Clin Liver
Dis 2016;20:581-94.

Im PK, Millwood 1Y, Kartsonaki C, Guo Y, Chen Y, Turnbull I, et al. Alcohol drinking
and risks of liver cancer and non-neoplastic chronic liver diseases in China: a
10-year prospective study of 0.5 million adults. BMC Med 2021;19:216.

Jiang C, Wang Y, Hu M, Wen L, Wen C, Wang Y, et al. Antibody seroconversion in
asymptomatic and symptomatic patients infected with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Clin Transl Immunology 2020;9:e1182.

Jing W, Liu J, Liu M. Eliminating mother-to-child transmission of HBV: progress and
challenges in China. Front Med 2020;14:21-9.

Jing X, Xu M, Song D, Yue T, Wang Y, Zhang P, et al. Association between inflam-
matory cytokines and anti-SARS-CoV-2 antibodies in hospitalized patients with
COVID-19. Immun Ageing 2022;19:12.

Kane MA, Hadler SC, Lee L, Shapiro CN, Cui F, Wang X, et al. The inception, achieve-
ments, and implications of the China GAVI Alliance Project on Hepatitis B Im-
munization. Vaccine 2013;31(9):J15-20 Suppl.

Li G, De Clercq E. Therapeutic options for the 2019 novel coronavirus (2019-nCoV).
Nat Rev Drug Discov 2020;19:149-50.

Li G, De Clercq E. A medicinal chemist who reshaped the antiviral drug industry:
John Charles Martin (1951-2021). Med Res Rev 2022;42:647-53.

Li G, Liu Y, Jing X, Wang Y, Miao M, Tao L, et al. Mortality risk of COVID-19 in
elderly males with comorbidities: a multi-country study. Aging 2020;13:27-60.

Li G, Wang Y, De Clercq E. Approved HIV reverse transcriptase inhibitors in the past
decade. Acta Pharm Sin B 2022;12:1567-90.

Li G, Xu M, Yue T, Gu W, Tan L. Life-long passion for antiviral research and drug
development: 80th birthday of Prof. Dr. Erik De Clercq. Biochem Pharmacol
2021a;185.

Li G, Yue T, Zhang P, Gu W, Gao LJ, Tan L. Drug discovery of Nucleos(t)ide antiviral
agents: dedicated to prof. Dr. Erik De Clercq on Occasion of His 80th Birthday.
Molecules 2021b;26:923.

Li S, Chen H, Man ], Zhang T, Yin X, He Q, et al. Changing trends in the disease
burden of esophageal cancer in China from 1990 to 2017 and its predicted level
in 25 years. Cancer Med 2021;10:1889-99.

Liu C, Wang B, Liu S, Li S, Zhang K, Luo B, et al. Type 2 diabetes attributable to
PM2.5: A global burden study from 1990 to 2019. Environ Int 2021;156.

Liu ], Liang W, Jing W, Liu M. Countdown to 2030: eliminating hepatitis B disease.
China. Bull World Health Organ 2019a;97:230-8.

Liu ], Zhang S, Wang Q, Shen H, Zhang M, Zhang Y, et al. Seroepidemiology of hep-
atitis B virus infection in 2 million men aged 21-49 years in rural China: a
population-based, cross-sectional study. Lancet Infect Dis 2016;16:80-6.

Liu Y, Zheng ], Hao ], Wang RR, Liu X, Gu P, et al. Global burden of primary liver
cancer by five etiologies and global prediction by 2035 based on global burden
of disease study 2019. Cancer Med 2022;11:1310-23.

Liu Z, Jiang Y, Yuan H, Fang Q, Cai N, Suo C, et al. The trends in incidence of pri-
mary liver cancer caused by specific etiologies: results from the Global Burden
of Disease Study 2016 and implications for liver cancer prevention. ] Hepatol
2019b;70:674-83.

485

International Journal of Infectious Diseases 122 (2022) 476-485

Mandel E, Peci A, Cronin K, Capraru CI, Shah H, Janssen HLA, et al. The impact of
the first, second and third waves of covid-19 on hepatitis B and C testing in
Ontario. Canada. ] Viral Hepat 2022;29:205-8.

Miao M, Clercq E, Li G. Genetic diversity of SARS-CoV-2 over a one-year period of
the COVID-19 pandemic: a global perspective. Biomedicines 2021;9:412.

Nguyen VT, Law MG, Dore GJ. Hepatitis B-related hepatocellular carcinoma: epi-
demiological characteristics and disease burden. J Viral Hepat 2009;16:453-63.

Ott JJ, Horn ], Krause G, Mikolajczyk RT. Time trends of chronic HBV infection over
prior decades - A global analysis. ] Hepatol 2017;66:48-54.

Paik JM, Golabi P, Younossi Y, Srishord M, Mishra A, Younossi ZM. The growing bur-
den of disability related to nonalcoholic fatty liver disease: data from the global
burden of disease 2007-2017. Hepatol Commun 2020;4:1769-80.

Premkumar M, Anand AC. Tobacco, cigarettes, and the liver: the smoking gun. J Clin
Exp Hepatol 2021;11:700-12.

Ringelhan M, McKeating JA, Protzer U. Viral hepatitis and liver cancer. Philos Trans
R Soc Lond B Biol Sci 2017:372.

Robertson C, Gandini S, Boyle P. Age-period-cohort models: a comparative study of
available methodologies. ] Clin Epidemiol 1999;52:569-83.

Saeaib N, Sriplung H, Pichatechaiyoot A, Bilheem S. Trends in incidence of uterine
cancer in Songkhla, Southern Thailand. ] Gynecol Oncol 2019;30:e22.

Shi JF, Cao M, Wang Y, Bai FZ, Lei L, Peng ], et al. Is it possible to halve the incidence
of liver cancer in China by 2050? Int ] Cancer 2021;148:1051-65.

Si J, Yu C, Guo Y, Bian Z, Meng R, Yang L, et al. Chronic hepatitis B virus infection
and total and cause-specific mortality: a prospective cohort study of 0.5 million
people. BMJ, (Open) 2019;9.

Thrift AP, El-Serag HB, Kanwal F. Global epidemiology and burden of HCV infection
and HCV-related disease. Nat Rev Gastroenterol Hepatol 2017;14:122-32.

Trépo C, Chan HL, Lok A. Hepatitis B virus infection. Lancet 2014;384:2053-63.

Valery PC, Laversanne M, Clark PJ, Petrick JL, McGlynn KA, Bray F. Projec-
tions of primary liver cancer to 2030 in 30 countries worldwide. Hepatology
2018;67:600-11.

Wang FS, Fan ]G, Zhang Z, Gao B, Wang HY. The global burden of liver disease: the
major impact of China. Hepatology 2014;60:2099-108.

Wang H, Zhao S, Wang S, Zheng Y, Wang S, Chen H, et al. Global magnitude of
encephalitis burden and its evolving pattern over the past 30 years. ] Infect
2022;84:777-87.

Westbrook RH, Dusheiko G. Natural
2014;61(1):558-68 Suppl..

Zhou K, Dodge JL, Grab ], Poltavskiy E, Terrault NA. Mortality in adults with chronic
hepatitis B infection in the United States: a population-based study. Aliment
Pharmacol Ther 2020a;52:382-9.

Zhou Z, Zhang M, Wang Y, Zheng F, Huang Y, Huang K, et al. Clinical char-
acteristics of older and younger patients infected with SARS-CoV-2. Aging
2020b;12:11296-305.

history of hepatitis C. ] Hepatol


http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0017
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0018
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0019
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0020
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0021
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0022
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0023
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0024
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0025
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0026
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0027
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0028
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0029
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0030
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0031
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0032
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0033
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0034
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0035
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0036
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0037
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0038
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0039
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0040
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0041
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0042
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0043
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0044
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0045
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0046
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0047
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0048
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0049
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0050
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0051
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0052
http://refhub.elsevier.com/S1201-9712(22)00351-4/sbref0053

	Trends in the disease burden of HBV and HCV infection in China from 1990-2019
	Introduction
	Methods
	Data source
	Data collection
	Statistical analysis

	Results
	Temporal trend of the disease burden of HBV and HCV in China
	Age-period-cohort analysis of incidence and mortality
	Risk factors for HBV/HCV-associated chronic diseases
	Incidence and mortality of HBV/HCV-associated liver cancer

	Discussion
	Conclusions
	Authors contributions
	Funding
	Ethical approval statement
	Declaration of competing interest
	Supplementary materials
	References


