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Abstract

Background In Taiwan, the national hepatitis B virus vaccination program and national viral hepatitis therapy program were
implemented to control the infections of hepatitis viruses and their progressive illnesses. Studies have evaluated the impacts
of two national health programs on many liver-related diseases, but not on acute and chronic viral hepatitis. The purpose of
this study was to evaluate the impact on the mortality of acute and chronic viral hepatitis.

Methods Poisson regression models were used to estimate the adjusted rate ratios of the different period groups and cor-
responding 95% confidence intervals for childhood, adulthood and elderhood, and to estimate the adjusted rate ratios of
vaccinated cohorts and corresponding 95% confidence intervals.

Results Compared with period of 2000-2003, the adjusted rate ratios for period groups of 2008-2011 and 2012-2015
reported a significantly increasing risk of acute and chronic viral hepatitis mortality, except for the childhood and female
adulthood. For population without vaccination, the adjusted rate ratios of acute and chronic viral hepatitis B mortality were
0.99 (95% CIs 0.88-1.12), 1.30 (95% CIs 1.17-1.45) and 1.42 (95% ClIs 1.28-1.55) for periods of 2004-2007, 2008-2011
and 2012-2015, respectively, comparing with unimplemented period of national viral hepatitis therapy program. Compared
with 1967-1983 cohorts, the adjusted rate ratio of 1984-2000 cohorts was 0.46 (95% ClIs 0.28-0.75), and the adjusted rate
ratios were 0.49 (95% CIs 0.28-0.87) and 0.35 (95% ClIs 0.11-1.05) for male and female, respectively.

Conclusion This study revealed the significantly higher mortality rates of acute and chronic viral hepatitis during the imple-
mented period of national viral hepatitis therapy program, comparing the unimplemented period. Such ineffectiveness may
be attributable to the low coverage rate. The national vaccination program was currently an effective strategy for controlling
the mortality of viral hepatitis.
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Abbreviations AAs  Aristolochic acids and their derivatives
HBV  Hepatitis B virus WHO  World Health Organization
HCV  Hepatitis C virus
ICD International classification of disease
CIs Confidence intervals Introduction
DAAs Direct-acting antiviral agents
Globally, approximately 292 million people have developed
hepatitis B virus (HBV) infections and 71 million people
Electronic supplementary material The online version of this have developed hepatitis C virus (HCV) infections accord-
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HBYV and HCV [4, 5]. To control viral hepatitis infections
and their progressive illnesses, the government of Taiwan
has implemented 2 national programs: the national HBV
vaccination program for infants (since July 1984) and the
national viral hepatitis therapy program for patients infected
with HBV and HCV (since October 2003) [6, 7]. Many stud-
ies have indicated that these national health programs have
significantly reduced morbidity and mortality from infant
fulminant hepatitis, chronic liver diseases, liver cirrhosis,
and hepatocellular carcinoma [8—13]. However, the impact
of the 2 national programs on acute and chronic viral hepa-
titis mortality in various age groups and both genders has
not been investigated.

This study evaluated the impact of the national HBV vac-
cination program and national viral hepatitis therapy pro-
gram on mortality from acute and chronic viral hepatitis in
Taiwan.

Materials and methods
Study population

Data on all causes of death were extracted from the National
Death Certificates Database from 1981 to 2015 provided
by the Ministry of Health and Welfare in Taiwan. All death
certificates are coded using the ninth edition of the Inter-
national Classification of Disease (ICD) during 1981-2007
and using the tenth edition after 2008. The mortality cases
of acute and chronic viral hepatitis (ICD-9 code 070 and
ICD-10 codes B15-B19) were selected in this study. A total
of 4382 mortality cases of acute and chronic viral hepati-
tis (3058 and 1324 in male and female, respectively, aged
0-99 years) over the 1981-2015 period were collected. Age
was categorized into 20 groups (04, 5-9, ..., 95-99), and
period was categorized by single year. Data on population
numbers from 1981 to 2015 were extracted from the House-
hold Registration Census Database provided by the Depart-
ment of Statistics of the Ministry of the Interior in Taiwan.

Statistical analysis

Age-specific mortality rates of acute and chronic viral hepa-
titis were calculated for both genders and for 5 period groups
(1996-1999, 2000-2003, ..., 2011-2015). Age-adjusted
mortality rates of acute and chronic viral hepatitis from
1996 to 2015 were estimated using 2000 World Standard
Population for the 2 genders and were plotted in a log scale.
To clearly understand the effect on age on mortality, all ages
were categorized into 3 stages: childhood (between 0 and
29 years), adulthood (between 30 and 69 years), and elder-
hood (between 70 and 99 years). To estimate the effect of the
national viral hepatitis therapy program since 2003, Poisson
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regression models were used to estimate the adjusted rate
ratios of the different period groups and the correspond-
ing 95% confidence intervals (ClIs) for childhood, adult-
hood, and elderhood, and the 2000-2003 period group was
used as the reference. Additional Poisson regression was
performed to estimate the adjusted rate ratios of acute and
chronic viral hepatitis B mortality for the population without
HBYV vaccination (the 19962003 period group was used as
the reference).

The annual period group and 5-year age group were used
to collect the birth cohort (period — age =cohort), which
was categorized into 2 cohorts (namely 1967-1983 and
1984-2000 cohorts). To estimate the effect of the HBV vac-
cination program in childhood since 1984, Poisson regres-
sion models were used to estimate the adjusted rate ratios of
the 1984-2000 period group and the corresponding 95% Cls
and the 1967-1983 period group was used as the reference.

All statistical analyses were conducted using SAS soft-
ware 9.4 version (SAS® Institute Inc., Cary, NC, USA).

Results

Figure 1 presents the age-specific mortality rates of acute
and chronic viral hepatitis per 1,000,000 population for both
genders and the 5 period groups. The magnitude of acute
and chronic viral hepatitis mortality rates was similar across
age groups for both genders. For the youngest age group of
0-19 years, the mortality rates for both genders were lower
in later period groups during 2008-2015 than in early period
groups during 19962003, except for the 2008-2011 period
group in male. For the age group of 20-69 years, the mor-
tality rates for both genders and the 5 period groups all dra-
matically increased with age (less than 10 and 5 deaths to
more than 100 and 80 deaths per 1,000,000 population were
observed for male and female, respectively). For the oldest
age group of 70-99 years, the mortality rates for both gen-
ders were higher in later period groups during 2008-2015
than in early period groups during 1996-2007, except for the
2008-2011 period group in female.

Figure 2 presents the age-adjusted mortality rates of acute
and chronic viral hepatitis per 1,000,000 population for both
genders from 1996 to 2015. Different trends were observed
for both genders; however, the age-adjusted mortality rate
in male was much higher (approximately twofold higher).
The age-adjusted mortality rates of acute and chronic viral
hepatitis showed slightly decreasing trends from 1996-1999
to 2004-2007 (39-34 deaths per 1,000,000 population) and
increasing trends thereafter (50 deaths per 1,000,000 popu-
lation) in male and showed gradually increasing trends in
female (1622 deaths per 1,000,000 population).

Table 1 displays the results of statistical tests for deter-
mining temporal effects on acute and chronic viral hepatitis
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Fig.1 Age-specific mortality rates per 1,000,000 population of acute and chronic viral hepatitis for two genders in Taiwan

mortality rates and provides the adjusted rate ratios and
corresponding 95% Cls for childhood (0-29 years), adult-
hood (30-68 years), and elderhood (70-99 years). During
1996-2015, for both genders, a total of 82, 2706, and 1288
deaths occurred during childhood, adulthood, and elder-
hood, respectively. For both genders and the 3 stages of
age, the crude mortality rates in the later period groups of
2008-2011 and 2012-2015 were higher than the rates in the
2000-2003 period group. Compared with the 2000-2003
period group, the adjusted rate ratios of the later period
groups of 2008-2011 and 2012-2015 all revealed a signifi-
cantly increasing risk of acute and chronic viral hepatitis
mortality, except for childhood and female adulthood. Dur-
ing 2012-2015, the gender- and age-adjusted rate ratios were
1.27 (95% C10.60-2.71), 1.23 (95% CI 1.09-1.39), and 2.06
(95% CI 1.72-2.48) in childhood, adulthood, and elderhood,
respectively.

Figure 3 presents the adjusted rate ratios and correspond-
ing 95% Cls of acute and chronic viral hepatitis B mortal-
ity in the 2004-2007, 2008-2011, and 2012-2015 period
groups. Compared with 1996-2003, the adjusted rate ratios
in 2008-2011 and 2012-2015 all revealed a significantly
higher risk of acute and chronic viral hepatitis B mortality
for both genders. The gender- and age-adjusted rate ratios
were 0.99 (95% CI 0.88-1.12), 1.30 (95% CI 1.17-1.45),

and 1.42 (95% CI 1.28-1.55) for the periods of 2004-2007,
2008-2011, and 2012-20135, respectively.

Table 2 shows the results of statistical tests for determin-
ing cohort effects on acute and chronic viral hepatitis mor-
tality rates and provides the adjusted rate ratios and corre-
sponding 95% CIs. In the 1967-2000 birth cohorts, a total of
76 deaths occurred in 0-29 age groups for both genders (58
deaths in male and 18 deaths in female). The crude mortality
rate in the 1984-2000 cohorts was 2.20 per 1,000,000 popu-
lation (3.44 deaths in male and 0.87 deaths in female), which
is approximately 0.5-fold lower than that in the 1967-1983
cohorts. Compared with the 1967-1983 cohorts, the gender-
and age-adjusted rate ratio of the 1984-2000 cohorts was
0.46 (95% CI 0.28-0.75), and the age-adjusted rate ratios
were 0.49 (95% CI 0.28-0.87) and 0.35 (95% CI1 0.11-1.05)
for male and female, respectively.

Discussion

The secular trend of the age-adjusted mortality rates and
adjusted rate ratios indicated that the national viral hepatitis
therapy program did not significantly change the mortality
rates of acute and chronic viral hepatitis in Taiwan since
October 2003. In addition, in adulthood and elderhood,
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Fig.2 Age-adjusted mortality rates per 1,000,000 population of acute
and chronic viral hepatitis for two genders in Taiwan

the mortality rates of acute and chronic viral hepatitis in
male were significantly higher during the period with
national therapy program implementation than during the
period without national therapy program implementation.
The national therapy program is covered by the National
Health Insurance program in Taiwan, which was founded in
1995 and has a coverage rate of nearly 100%. The antiviral
treatments in this national therapy program are reimbursed
for patients with HBV or HCV infection. Until 2016, the
reimbursed treatments included lamivudine, interferon o,
pegylated interferon a, entecavir, telbivudine, tenofovir, and
adefovir. Among them, lamivudine and interferon o were
used after 2003, pegylated interferon o after 2005, entecavir
and telbivudine after 2008, and adefovir after 2011. The eli-
gibility criteria for patients who can receive the reimbursed
treatments are provided in Appendix 1 in Supplementary
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Material. Higher biochemical and virological responses have
been demonstrated for viral hepatitis [14, 15]. However, the
role of antiviral therapy for HBV is unclear. A systematic
review and meta-analysis indicated that the short-term sur-
vival of patients with acute exacerbation of chronic HBV
who were treated with lamivudine was not different from
that of untreated patients, and treatment with entecavir
exerted higher effects on short-term mortality than treat-
ment with lamivudine [16].

The cure rate in patients with HCV who receive antiviral
treatment is higher than the rate in HBV patients. In Taiwan,
interferon treatment in the national viral hepatitis therapy
program was the major reimbursed treatment provided for
patients with HCV. In January 2017, the National Health
Insurance program in Taiwan further covered new direct-act-
ing antiviral agents (DA As) for patients with HCV infection.
DAAs are more effective than interferon [17]. However, the
effect of DA As could not be estimated in this study because
the data after 2017 are unavailable. If the coverage rate of
the national therapy program substantially increases in the
future, mortality from progressive illnesses of HCV infec-
tion will be lower than the mortality reported in the current
study.

The low coverage rate of the national viral hepatitis
therapy program may explain why acute and chronic viral
hepatitis mortality did not significantly change. Until 2011, a
total of 219,393 patients received the reimbursed treatments
in the national therapy program in Taiwan [11]. Such cumu-
lative numbers of patients from 2004 to 2011 were approxi-
mately 15-25% of all patients with HBV or HCV who were
eligible for the reimbursed treatments [18, 19]. It revealed
a concern that more than half of the patients with HBV or
HCYV were not protected by this national therapy program.

The result (no significant change in acute and chronic
viral hepatitis mortality) of this study is inconsistent with
those of previous studies, which attributed the decreasing
trend (after 2004) of morbidity and mortality from chronic
liver diseases, cirrhosis, and liver cancer to the national
therapy program. However, in addition to hepatitis viruses,
other causes, including obesity, metabolic syndrome, alcohol
use, smoking, and family history, contribute to such liver
diseases [20]. In addition, the coverage rate of the national
therapy program is too low to interpret that the decreas-
ing trends of chronic liver diseases, liver cirrhosis, and liver
cancer after 2004 are caused by or even associated with the
national therapy program since October 2003. In contrast,
the government of Taiwan had introduced a law prohibiting
the use of herbal medicines containing aristolochic acids
(AAs) and their derivatives since November 2003. In Tai-
wan, mutations caused by AAs were found in the hepato-
cytes of 78% of patients with liver cancer [21, 22]. However,
further study is required to clarify the association between
AAs and liver cancer.
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Fig.3 The adjusted rate ratio and corresponding 95% ClIs of acute and chronic viral hepatitis B mortality in 2004—2007, 2008-2011 and 2012—
2015 period groups in Taiwan (reference group was 1996-2003 period and all subjects did not receive the hepatitis B virus vaccine)

Table 2 Mortality rates of

. .. . Birth years
viral hepatitis of birth cohorts

Population under

No. of cases Mortality rates® Adjusted rate ratio (95% Cls)°

born before and after the observation
implementation of hepatitis B Overall
¥;j\(;}1;12t10n program in 1984 in 1967-1983 11,654.636
1984-2000 9,546,346
Men
1967-1983 5,983,184
1984-2000 4,941,798
‘Women
1967-1983 5,671,452
1984-2000 4,604,548

55 4.72 [Reference]
21 2.20 0.46 (0.28-0.75)"
41 6.85 [Reference]
17 3.44 0.49 (0.28-0.87)"
14 2.47 [Reference]

4 0.87 0.35 (0.11-1.05)

#p <0.05; #¥p <0.01

“Indicates mortality rate per 1,000,000 population

®Adjusts age and gender in overall, and adjusts age in two genders

This study indicated that the national HBV vaccination
program significantly reduced mortality from acute and
chronic viral hepatitis in Taiwan. This finding is consistent
with that of a previous study, which used a similar statisti-
cal method and revealed significant reduction in the inci-
dence of acute HBV for vaccine protected cohorts during
19861994 [23]. The reduction of the mortality rates of
acute and chronic viral hepatitis may be attributed to the
reduced incidence of acute hepatitis B. In the early 1980s,
researchers and decision-makers comprehended that Tai-
wan is a high-epidemic region of HBV. Thus, researchers
cautiously pre-evaluated the cost-effectiveness of a national
vaccination program and found that mortality and financial
loss in the period without implementation are higher than
the cost of medicine and vaccination in the period with
implementation. Currently, HBV prevalence is still higher

@ Springer

in Taiwan (especially in adults and elderly people), and the
HBYV vaccination program is crucial for disease control.
After HBV vaccination, hepatitis B surface antibody titers
gradually decrease over time. The health authority in Tai-
wan recommended that high risk groups for HBV infection
(hemodialysis, immunodeficiency, primary immunodefi-
ciency diseases, etc.) should be paid for HBV vaccination.
The vaccine protected cohorts in this study could reach the
age of 15 and 30 years in 2015. When they reach the adult-
hood and elderhood in the next few decades, the mortal-
ity rate of acute and chronic viral hepatitis is expected to
further decrease in Taiwan. In the future, the final step of
the elimination or eradication of HBV can be achieved in
Taiwan [24].

For a fair comparison, unvaccinated cohorts aged less
than 30 years were selected in this study, and these cohorts
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could reach the age of 15 and 30 years in 1998. The National
Health Insurance program in Taiwan was launched in March
1995, and notably, the age-adjusted mortality rates dramati-
cally increased during 1995-1998 (see Figure S1 in Sup-
plementary Material). Due to the lack of information, the
coincidence between National Health Insurance program
establishment and dramatically increasing mortality is dif-
ficult to clarify. Nevertheless, this dramatic increasing mor-
tality may influence the results of this study and probably
lead an unavoidable bias for the adjusted rate ratio in the
vaccinated cohort. Most data for unvaccinated cohorts were
collected before 1995. Thus, this bias is incalculable, but
toward the null.

In 2015, the World Hepatitis Summit announced a Glas-
gow declaration on viral hepatitis and hoped to eliminate
HBYV and HCV infection [25]. In 2016, the World Health
Organization (WHO) released a global health sector strategy
on viral hepatitis for the period 2016-2021, which aimed to
achieve a 65% reduction of viral hepatitis B and C mortality
from 2015 to 2030 [26]. In Taiwan, the earliest vaccinated
cohort will reach the age of 46 years in 2030, and the age-
specific mortality rates are still lower in the age group of
40-49 years than in the oldest age group of 90-99 years.
This study revealed that mortality rates showed fivefold and
20-fold increases in male and female across age groups from
40-49 to 90-99 years, respectively. Although a 53% reduc-
tion (based on the adjusted rate ratio) of viral hepatitis mor-
tality can be achieved for the Taiwanese vaccinated cohort
aged less than 30 years, it is extremely difficult to reach
the WHO target in 2030. According to the invalid of the
national viral hepatitis therapy program, the national HBV
vaccination program may be the only strategy for control-
ling mortality from viral hepatitis. Other efficiency strategies
for disease control and improving public health are urgently
required to be developed.

This study is the first to reveal a concerning result that
the mortality rates of acute and chronic viral hepatitis
were higher in later period groups (2008-2015) than in
early period groups (1996-2007) for the oldest age group
of 70-99 years. Whether similar trends are applicable for
other infectious diseases is unclear. Nevertheless, this result
may imply the negligence of the geriatric population and a
deficiency in geriatric care services in Taiwan. The geriat-
ric population will soon represent a severe health burden
on viral hepatitis mortality in Taiwan due to the immediate
and unavoidable problem of aging. A recent study estimated
the growth of the elderly population in Taiwan and found
that 20% of the population in 2025 and 41% in 2060 will
be older than 65 years [27]. To meet respond the growing
need for geriatrics care, a national 10-year long-term care
plan was introduced in 2007 [28]. However, family and paid
caregivers and their professional training are lacking in this
long-term care plan. The government of Taiwan approved

the 2.0 version of the national long-term care plan in Sep-
tember 2016, and this version of the plan was implemented
in January 2017 [29]. This plan aims to minimize the years
lived with disability and integrate hospice care at home with
other home care service for the end stage of life. However,
the efficiency of the implementation of the program is still
unclear. To prevent deaths from acute and chronic viral hep-
atitis in elderhood, health workers and policy-makers should
cautiously and immediately assess the geriatrics care system
during the implementation of the program.

This study could not clarify the influence of duration
of viral hepatitis infection for mortality rates in different
periods, because the database of national death certificates
does not provide information for etiology and condition of
patient. Viral resistance induced by early antiviral drugs or
treatment interruption may influence the effectiveness dur-
ing treatment of hepatitis viruses and confound the finding
of the study. However, this study also could not clarify due
to lack of information. The data connection between the
national health insurance database and national death certifi-
cates database is a method for addressing these needs. The
national health insurance database constitutes a rich source
of medical information such as prescriptions, treatment,
outpatient clinic service, and hospital admission service. A
further record-linkage study is required.
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