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Abstract

Background: Globally, the morbidity and mortality rates for chronic liver disease and cirrhosis are increasing. The
National Viral Hepatitis Therapy Program in Taiwan was implemented in 2003, but evidence regarding the program’s
effect on the trends of mortality for chronic liver disease and cirrhosis is limited.

Methods: We analyzed mortality rates for chronic liver disease and cirrhosis in Taiwan for the period from 1981 to
2015. An autoregressive age—period—-cohort model was used to estimate age, period, and cohort effects.

Results: Age-adjusted mortality rates for chronic liver disease and cirrhosis all displayed a flat but variable trend from
1981 to 2004 and a decreasing trend thereafter for both sexes. The age—period—cohort model revealed differential
age gradients between the two sexes; mortality rates in the oldest age group (90-94 years) were 12 and 66 times
higher than those in the youngest age group (30-34 years) for men and women, respectively. The period effects indi-
cated that mortality rates declined after 2004 in both sexes. Mortality rates decreased in men but increased in women
in the 1891-1940 birth cohorts and increased in both sexes in the birth cohorts from 1950 onward.

Conclusions: The National Viral Hepatitis Therapy Program in Taiwan may have contributed to the decrease in mor-
tality rates for chronic liver disease and cirrhosis in adulthood.
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Background

Chronic liver disease and cirrhosis can progress to
hepatocellular carcinoma. Global estimates indicate
that chronic liver disease and liver cirrhosis account for
more than 2 and 1 million deaths annually, respectively
[1]. Furthermore, the morbidity and mortality rates for
chronic liver disease and cirrhosis are increasing, despite
most cases being preventable [2, 3]. Together, chronic
liver disease and cirrhosis were the 12th leading cause of
death in the United States in 2015, accounting for 12.5
deaths per 100,000 people [4]. In Taiwan, chronic liver
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disease and cirrhosis constituted the tenth leading cause
of death in both the sexes in 2015 (20 deaths per 100,000
people) [5].

Risk factors for chronic liver disease, cirrhosis, and
liver cancer include hepatitis B virus (HBV) infection,
hepatitis C virus (HCV) infection, excessive alcohol
drinking, cigarette smoking, and obesity [6, 7]. In Tai-
wan, more than 90% of cases of end-stage liver diseases
were related to HBV and HCV infection [8]. To address
the growing burden of liver disease, the National HBV
Vaccination Program for all infants in Taiwan was imple-
mented in 1984 [9]. Several studies have demonstrated
that the National HBV Vaccination Program has signifi-
cantly reduced the incidence of and mortality from end-
stage liver disease in children and adolescents born after
1984 [10-13]. Another nationwide program, namely the
National Viral Hepatitis Therapy Program, was imple-
mented in Taiwan in 2003 [9]. A study demonstrated that
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since its implementation, this program has reduced mor-
tality rates for chronic liver disease, cirrhosis, and liver
cancer [14]. However, the study did not consider birth
cohort effects.

In the present study, we used an autoregressive age—
period—cohort model to analyze mortality trends for
chronic liver disease and cirrhosis in Taiwan from 1981
to 2015. Age—period—cohort analysis can help demon-
strate the influence of health policy, medical technol-
ogy, public hazard events, and large-scale environmental
events on disease incidence and mortality rates. Accord-
ingly, the effects of three temporal factors, namely age,
period, and cohort, on mortality rates for chronic liver
disease and cirrhosis as well as the effects of the National
HBV Vaccination Program and Viral Hepatitis Therapy
Program were discussed.

Methods

Data sources

All causes of death in Taiwan for the period from 1981
to 2015 were extracted from an online database provided
by the Ministry of Health and Welfare. In this study,
cases of mortality for chronic liver disease and cirrhosis
were selected using International Classification of Dis-
eases, Ninth Revision (ICD-9) code 571 (for the period
1981-2007), and ICD-10 codes K70, K73, and K74 (for
the period after 2008). Chronic liver disease and cirrhosis
were aggregated in this study because these two causes
of death share the same ICD-9 code. The use of the
two coding systems resulted in an estimated difference
of<3% in the numbers of cases of chronic liver disease
and cirrhosis [15]. Data for 146,881 cases of mortality
for chronic liver disease and cirrhosis (107,616 in men
and 39,265 in women aged 30-94 years) for the period
from 1981 to 2015 were collected. Patients aged younger
than 30 years were not included because of the paucity
of mortality cases for this age group. The data were cat-
egorized into 13 age groups (from 30-34 to 90-94 years)
and 7 period groups (from 1981-1985 to 2011-2015).
Midyear population data in Taiwan from 1981 to 2015
were extracted from the online database provided by the
Department of Statistics of the Ministry of the Interior, in
which data were similarly categorized into 13 age and 7
period groups.

Statistical analysis

Age-specific mortality rates according to age, period,
and cohort were calculated for both sexes and plotted
on a log scale. Age-adjusted mortality rates for chronic
liver disease and cirrhosis were calculated using the
World Health Organization 2000 World Standard Popu-
lation for both sexes. The average annual percentage
change in mortality for chronic liver disease and cirrhosis
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between 1981 and 2003 (before the implementation of
the National Viral Hepatitis Therapy Program) and that
between 2004 and 2015 (after program implementation)
were calculated. The hierarchy of age—period—cohort
modeling strategy proposed by Clayton and Schifflers
[16, 17] was used to evaluate the effects of age, period,
and cohort through a log-linear Poisson model. All three
temporal factors were included in the model. In addi-
tion, three two-factor models (namely age and period,
age and cohort, and period and cohort) were consid-
ered. A likelihood ratio test was performed between the
age—period—cohort model and the two-factor models
to determine an appropriate model to fit the mortality
data of chronic liver disease and cirrhosis. However, the
age—period—cohort model exhibited nonidentifiability
problem owing to the exact linear relation of the three
temporal variables (cohort+ age=period). A noniden-
tifiable age—period—cohort model typically produces an
infinite set of parameter estimates with equal goodness-
of-fit indices. To avoid this problem, an autoregressive
age—period—cohort model was used in this study to esti-
mate the age, period, and cohort effects [18]. Autore-
gressive age—period—cohort models assume a first-order
autoregressive process for the cohort effects; hence, they
do not have nonidentifiability problem. Autoregressive
age—period—cohort models have been demonstrated to
be effective in estimating disease incidence and mortality
[19].

All statistical analyses were performed using SAS sta-
tistical software version 9.4 (SAS® Institute Inc, Cary,
NC, USA).

Results
Figure 1 illustrates the secular trends in the annual age-
adjusted mortality rates for chronic liver disease and cir-
rhosis in men and women in Taiwan from 1981 to 2015.
The trends observed for both sexes were similar, but the
age-adjusted mortality rate in men was considerably
higher than that in women (approximately threefold). For
the two sexes, we observed a flat but fluctuating trend
from 1981 to 2004 and a decreasing trend thereafter; the
decreasing trend was particularly pronounced in women.
Table 1 presents the average annual percentage
change in mortality for chronic liver disease and cir-
rhosis between 1981 and 2003 and that between 2004
and 2015 in Taiwan. For men, a slight yearly decrease
in age-adjusted mortality was observed from 1981 to
2003 (—0.56% per annum), and a more pronounced
decrease was recorded from 1981 to 2003 (— 2.28% per
annum). For women, a slight increase in age-adjusted
mortality was observed between 1981 and 2003 (0.12%
per annum), followed by a decrease from 2004 to 2015
(—4.82% per annum). The trends in mortality rates
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Fig. 1 Age-adjusted mortality rates from chronic liver disease and
liver cirrhosis in Taiwan

were consistent across all age groups for men (except
for the 75—89-year age groups) and women (except for
the 45-49-year age group).

Figure 2 presents a simple graphical depiction of
chronic liver disease and cirrhosis data for men (upper
panels) and women (lower panels). The data for men
indicated that mortality rates for chronic liver disease
and cirrhosis in the oldest age group (90-94 years)
were approximately 20 times higher than those in
the youngest age group (30-34 years) (Fig. 2A). The
period trend for men (Fig. 2B) revealed that mortality
rates increased from 1981 to 2000 and decreased after
2000 in the younger age groups (30-59 years). In the
older age groups (60—94 years), mortality rates exhib-
ited a long-term decreasing trend from 1981 to 2015.
The birth cohort data for men (Fig. 2C) showed that
mortality trends decreased slowly from 1891 to 1946,
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increased drastically from 1946 to 1966, and decreased
thereafter. The data for women indicated that mortal-
ity rates for chronic liver disease and cirrhosis in the
oldest age group (90-94 years) were approximately
80 times higher than those in the youngest age group
(30—34 years) (Fig. 2D). The period trend for women
(Fig. 2E) revealed that mortality rates were flat but fluc-
tuating in the younger age groups (30-49 years). In the
older age groups (50-94 years), mortality rates exhib-
ited a slightly increasing trend initially, followed by a
decreasing trend. The birth-cohort trends for women
(Fig. 2F) demonstrated that mortality rates increased
slowly from 1891 to 1941, decreased drastically from
1941 to 1951, and leveled off after 1951.

Table 2 presents the likelihood ratio test results for
the model hierarchy. For men, the age—period—cohort
model exhibited the lowest deviance (436.05). The likeli-
hood ratio test results for the one-factor models and two-
factor models all exhibited significantly higher deviance
than did the results for the age—period—cohort model.
For women, the age—period—cohort model exhibited the
lowest deviance (129.29), and all other models exhibited
significantly higher deviance. The likelihood ratio test
results indicate that all three temporal variables should
be considered for both sexes when modeling mortality
rates for chronic liver disease and cirrhosis.

Figure 3 displays the results of age—period—cohort
modeling for men (upper panels) and women (lower pan-
els). For men, mortality rates were 12 times higher in the
oldest age group (90-94 years) than in the youngest age
group (30—34 years). The period effect exhibited a flat but
slightly variable trend from 1981 to 2000 and a decreasing
trend thereafter. Moreover, the relative risk of mortality
for chronic liver disease and cirrhosis from 2011 to 2015
was 37% lower than that from 1996 to 2000. The cohort
effect decreased slightly from 1891 to 1946, increased
from 1946 to 1971, and leveled off in the recent birth
cohorts. For women, mortality rates were 66 times higher
in the oldest age group (90-94 years) than in the young-
est age group (30—34 years). The period effect exhibited a
slightly increasing trend from 1981 to 2000, followed by a
decreasing trend. Furthermore, the relative risk of mor-
tality for chronic liver disease and cirrhosis from 2011
to 2015 was 30% lower than that from 1996 to 2000. The
cohort effect exhibited an increasing trend from 1891 to
1941, a suddenly decreasing trend from 1941 to 1951, and
an increasing trend after 1951.

Discussion

This study revealed that mortality rates for chronic
liver disease and cirrhosis in the oldest age group (90—
94 years) were 12 and 66 times higher than those in the
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Table 1 The average annual percentage change of age-adjusted rates and age-specific rates of chronic liver disease and cirrhosis
between 1981 and 2003, and between 2004 and 2015 for men and women in Taiwan

Men Women

Between 1981 and Between 2004 and Change* (%) Between 1981 and Between 2004 and Change* (%)

2003 (%) 2015 (%) 2003 (%) 2015 (%)
Age-adjusted rates —0.56 —228 —-173 0.12 —482 —494
Age-specific rates
30-34 230 —4.39 —6.69 1.60 —4.15 —575
35-39 2.20 —262 —483 0.04 —135 —1.39
40-44 1.07 —1.57 —263 —0.92 —4.55 —3.64
45-49 0.35 —0.50 —0.85 —091 —0.25 0.66
50-54 0.20 —097 —1.17 —142 —3.99 —257
55-59 0.10 —135 — 145 0.21 —538 —5.59
60-64 —026 —6.09 —583 —053 —943 —891
65-69 —1.90 —4.70 —2.79 0.12 —6.64 —6.76
70-74 —2.37 —3.98 —1.61 0.72 —4.55 —5.28
75-79 —3.18 —281 037 1.23 —4.28 —550
80-84 —3.56 —223 132 131 — 267 —3.98
85-89 —3.10 —264 046 1.91 —322 —513
90-94 —323 —567 —245 1.94 —3.29 —523

*Change = (average annual percentage change between 2004 and 2015) — (average annual percentage change between 1981 and 2003)

youngest age group (30-34 years) for men and women,
respectively. In a study on mortality rates for hepatocel-
lular carcinoma in Taiwan, similar differential age gra-
dients were observed in men and women [19]. Chronic
liver disease and cirrhosis can progress to hepatocellular
carcinoma, with a 5-year progression risk of approxi-
mately 22-28% [20]. Furthermore, common risk factors
for chronic liver disease, cirrhosis, and hepatocellular
carcinoma include hepatitis virus infection, alcohol con-
sumption, and metabolic conditions. These common risk
factors may partially explain the similarity in mortal-
ity rate age gradients for chronic liver disease, cirrhosis,
and hepatocellular carcinoma. However, for both sexes,
the age gradients in chronic liver disease and cirrhosis
mortality rates in Taiwan are lower than the age gradi-
ents in Canada and Europe [21, 22]; this warrants further
investigation.

When estimating the birth cohort effect, we noted that
mortality rates for chronic liver disease and cirrhosis
decreased in men but increased in women in the 1891—
1940 birth cohorts. The rates increased in both sexes in
the birth cohorts from 1950 onward. Men and women
in the 1891-1940 birth cohorts experienced the era of
Japanese occupation (1895-1945) and the early post-
war period (1945-1949) during their childhood. Living
in a changing society may have caused multiple adverse
health outcomes. Men and women in the birth cohorts
after 1950 experienced industrialization, westernization,
urbanization, globalization, and economic growth during

their childhood. Previous studies have demonstrated that
rapid economic growth and income growth are associ-
ated with obesity and high alcohol consumption [23-26].
This may explain in part the increase in male and female
mortality rates in these birth cohorts.

This study showed that mortality rates for chronic liver
disease and cirrhosis declined after 2004 in both sexes
(see Fig. 1, Table 1, and the period effects in Fig. 3). The
decrease may have stemmed from the National Viral
Hepatitis Therapy Program in Taiwan. This program
was launched in 2003 by the National Health Insurance
Administration, which provides nearly 100% health cov-
erage for the Taiwanese population, to reach all patients
infected with HBV and HCV [9]. This program reim-
burses treatments, including lamivudine, interferon o,
pegylated interferon a, entecavir, telbivudine, tenofovir,
adefovir, and direct-acting antiviral agents, for patients
with viral hepatitis infections. In the early 1980s, approxi-
mately 15% to 20% of Taiwanese adults tested positive for
HBYV surface antigen [27, 28], but only approximately 1%
to 2.5% exhibited HCV infection [29-31]. However, anti-
viral therapy for HBV infection was reported to be less
effective than that for HCV infection [32]. The effect of
antiviral therapy in eliminating HBV has been reported
to be limited [33, 34]. Another study indicated that the
antiviral therapy program was ineffective in reducing
mortality for acute and chronic viral hepatitis in Taiwan
[35]. Although the role of antiviral therapy in eliminat-
ing HBV was unclear, several studies have demonstrated
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that the antiviral therapies lamivudine, entecavir, and
telbivudine could substantially reduce inflammation and
fibrosis in the liver, prevent liver failure for patients with
liver cirrhosis, and significantly reduce mortality for liver
cirrhosis and liver cancer [34, 36—38]. Our study results
are consistent with those of a previous study in which an
age—period model indicated that the program may have
reduced mortality rates for chronic liver disease and cir-
rhosis in Taiwan [14].

The possibility of chronic liver disease and cirrhosis
progressing to hepatocellular carcinoma is high. A pre-
vious study using the same autoregressive age—period—
cohort model as the present study reported an increasing
trend for hepatocellular carcinoma mortality from 1976

to 2005 [19]. However, the data collection period ended
in 2005, and conclusions could not be drawn on whether
the trend would continue to increase or start declining
after 2005. We performed additional analyses to exam-
ine the effect of the National Viral Hepatitis Therapy
Program on liver cancer mortality. The age-adjusted
liver cancer mortality rates (30 to 94 years old) dis-
played increasing trends from 1981 to 2003 and decreas-
ing trends from 2004 to 2015 for both sexes (Additional
file 1: Figure S1). Similar findings were also noted in age-
specific mortality rates for both sexes (Additional file 1:
Table S1). These findings are also consistent with those of
a previous study [14]. We also performed additional anal-
yses to examine the effect of the National Viral Hepatitis



Su et al. Popul Health Metrics (2021) 19:36 Page 6 of 9

10
5
2
1 \_/\ V
2 1/2
3=}
<
~
Q
IS
~ 1/5
1/10
1/20
1/50
1/100
> A O X O X O A D S o> S N H N HE D6 N QD E DN LA AL AN AL N NN o A Ad
PP L FETTFTT TS ST P FEFF ST F
O S e o &N S
RSN AN N S S
Age Period Cohort
10
5
2
1 ~\ _/—/’—\_/—’_
2 1/2
=
<
~
o3
G
& 1/5
1/10
/20
1/50
1/100
> A9 O > D S aAXx O X O > S O H O O 0 ¢ N O QD DN LA A AN AL N N DDA AN
P FFL S ETEFET TSy S ES TP F PR
YR W P PPN N PSP %\'%bqlq‘dg\'\\’b/v\\'v
A MRS RN »
Age Period Cohort
Fig. 3 Age, period, and cohort effects of chronic liver disease and liver cirrhosis mortality in Taiwan. Upper panels for men and lower panels women

age effects before program implementation were similar

Therapy Program on the age distribution of chronic liver
to those after program implementation (Additional file 1:

disease and cirrhosis mortality. The same autoregressive
age—period—cohort model was used to analyze the data  Figure S2).

before and after the implementation of the nationwide Taiwan was previously a hyperendemic region for
program. The results indicated that for both sexes, the = HBV infection [39, 40]. The National HBV Vaccination
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Table 2 Age—period—cohort model for chronic liver disease and
liver cirrhosis mortality rates in Taiwan

Models df Deviance Likelihood ratio P value
statistic (df*)
Males
Age 78 3013.15 2577.10(23) <0.0001
Period 84 33,327.97 32,891.92 (29) <0.0001
Cohort 72 11,177.27 10,741.22 (17) <0.0001
AP 72 1470.36 103431 (17) <0.0001
AC 60 115541 719.36 (5) <0.0001
PC 66 6502.79 6066.74 (11) <0.0001
APC 55 436.05 Reference Reference
Females
Age 78 2045.93 1916.64 (23) <0.0001
Period 84 60,272.85 60,143.56 (29) <0.0001
Cohort 72 11,457.84 11,328.55(17) <0.0001
AP 72 812.07 682.78 (17) <0.0001
AC 60 450.82 321.53(5) <0.0001
PC 66 1265.24 113595 (11) <0.0001
APC 55 129.29 Reference Reference

df: degree of freedom; Likelihood ratio statistic: increase in deviance from the
APC model; df*: increase in df from the APC model; APC: full age-period-cohort
model; AC: age-cohort model; AP: age-period model; PC: period-cohort model

Program for all infants born after 1984 has converted
Taiwan into a low-endemic region [41]. The reduc-
tion of mortality rates for chronic liver disease and cir-
rhosis observed in our study was not attributable to
the National HBV Vaccination Program, because our
abstracted data only included birth cohorts from 1891 to
1981. Those vaccinated as infants in 1984 turned 30 years
old in 2015 at the earliest, and individuals aged younger
than 30 years old precluded from this study due to the
paucity of mortality cases at this age. A further reduction
in mortality for chronic liver disease and cirrhosis can be
anticipated when the vaccine-protected cohorts reach
middle and late adulthood.

The successful vaccination program and the antiviral
therapy program in Taiwan suggest that other nonviral
risk factors, such as cigarette smoking, alcohol con-
sumption, and obesity, may become the next principal
targets to control chronic liver disease, liver cirrhosis,
and hepatocellular carcinoma. The prevalence of ciga-
rette smoking in adulthood decreased from 2009 to
2015 for both sexes according to a report from the Tai-
wanese Adult Smoking Behavior Surveillance System
[42]. From 2009 to 2013, the prevalence of alcohol con-
sumption decreased slightly for men but increased for
women, according to a report from the National Health
Interview Survey [43]. The same report also indicated
that the prevalence of high triglyceride levels increased
from 2001 to 2009 for both sexes [43]. Excessive
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alcohol drinking is a major cause of liver-related death,
accounting for approximately three-quarters of deaths
in the USA and Europe [6, 44]. A recent study revealed
that fatty liver, high triglyceride levels, and diabetes
mellitus history were significantly associated with hepa-
tocellular carcinoma in patients without HBV or HCV
infection in Taiwan [45]. These nonviral risk factors
have been demonstrated to be critical determinants for
hepatocellular carcinoma in other low-endemic HBV
regions, such as the UK and the USA [46, 47]. Because
Taiwan is also becoming a low-endemic region for HBV
infection, nonviral risk factors for chronic liver disease,
liver cirrhosis, and hepatocellular carcinoma warrant
attention.

Conclusion

This study analyzed mortality rates for chronic liver
disease and cirrhosis in Taiwan from 1981 to 2015.
The National Viral Hepatitis Therapy Program may
have contributed to the decrease in mortality rates for
chronic liver disease and cirrhosis in adulthood.
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