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ABSTRACT

Background: Chronic infection with hepatitis B (HBV) is a known risk factor for increased mortality from
hepatocellular carcinoma (HCC) and chronic liver disease (CLD). However, the specific effects of chronic HBV
infection on life expectancy have not been adequately studied. Taiwan is endemic for HBV infection, and thus
provides sufficient information for such estimates.
Methods: Population mortality statistics, combined with data on the contribution of HBV to HCC and CLD deaths,
were used to model carrier mortality by sex and e antigen status. An abridged life table was used to calculate carrier
life expectancy.
Results: Among both males and females, those who are e antigen-positive are more likely to die from HCC than
from CLD. When e antigen status remains positive, absolute liver mortality rates climb significantly after age 40
years. CLD is a proportionally higher threat for e antigen-negative females than for other subgroups. Males have
higher liver-related mortality at all ages. A small decrease in life expectancy, from 82.0 to 80.1 years, was found for
female noncarriers versus female carriers; a larger discrepancy was observed for males—from 76.2 to 71.8 years. In
comparison to noncarriers, the lifetime relative risk of mortality is 1.35 for male carriers and 1.16 for female carriers.
Conclusions: These results indicate that chronic HBV infection results in significant liver-related mortality;
however, carriers retain a satisfactory life expectancy.
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INTRODUCTION

There are an estimated 350 million chronic carriers of hepatitis
B virus (HBV) in the world.1 In endemic regions such as
China and Southeast Asia, perinatal and early childhood
infections are the predominant sources of chronic infection2

and are associated with 90% and 30% probabilities of
chronicity, respectively.3,4 In contrast, there is only a 5% to
10% chance of developing chronic infection among people
infected as adults.3 Earlier infection has been associated
with higher rates of complications such as cirrhosis and
hepatocellular carcinoma (HCC).5 Despite the advent of
effective vaccines, many HBV-endemic countries have only
recently adopted universal vaccination.6

Studies to date have revealed several prognostic factors
for chronic carriers—including gender, age, and HbeAg
status—which influence the likelihood of progression to
cirrhosis or hepatocellular carcinoma.7–9 However, few
studies have specifically examined the life expectancy of
hepatitis B carriers. Although mortality models have been
created, most use static values for variables such as surface

antigen prevalence, e antigen status, and HBV-associated liver
cancer.10,11 The present study aims to develop a realistic
mortality model by using dynamic age- and sex-specific
values. Because Taiwan is an HBV-endemic area and has been
the focus of many epidemiological studies, it is possible to
create a comprehensive survival model of carriers. Life
expectancy and mortality data would aid clinicians in
offering prognoses, which would benefit the many patients
who report feelings of depression related to insufficient
prognostic information.12 Public health epidemiologists can
use this model to estimate regional disease burden and predict
the results of vaccination and treatment interventions. Finally,
this method of estimating carrier life expectancy can be
applied to determine the cost-effectiveness of treatment and
thus may potentially influence drug reimbursement schedules.

METHODS

Mortality data
Mortality data were obtained from Taiwan’s 2006 Statistics of
Causes of Death report. These data describe liver cancer- and
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chronic liver disease (CLD)-related deaths for the general
population, by sex and age.13 Because it has been reported that
there were no significant differences in non-liver-related
mortality between HBV carriers and noncarriers,7 non-liver-
related deaths were calculated by subtracting mortality
associated with liver cancer and chronic liver disease from
overall mortality rates. The impact of HBVon infant mortality,
defined as death before the age of 1 year, was not considered
in this analysis, which focused instead on the effects of
chronic disease. In this model, carrier infants had the same
mortality as infants from the general population.

HbsAg
Hepatitis B surface antigen (HbsAg) is a marker of current
hepatitis B infection. HbsAg seropositivity on screening
tests predominantly represents chronic, rather than acute,
infection.14,15 Age group-specific HbsAg prevalence in
Taiwan has been estimated by several general population-
based studies. In the early 1990s, Taiwan initiated a large
community-based cancer screening project that examined
HbsAg prevalence among adults aged 30 to 65 years. Age-
specific data were directly reported for men, and data for
women were calculated by subtracting the values for men
from the overall prevalence values.7–9 Prevalence in people
over 65 years of age was kept equal to that of those aged 60 to
65 years, due to insufficient general population data from
older age groups.

For people younger than 30 years, vaccination becomes a
factor in surface antigen prevalence. Taiwan initiated targeted
vaccination nationwide in 1984 and universal vaccination
in 1986.16 A person born in 1986 would have been 20 years
of age at the time the 2006 Statistics of Causes of Death
report was completed. The best available estimates for
the seroprevalence of HbsAg in young adults come from
recent university-based screening programs, in which people
younger than 30 years were subdivided into those younger
than 20, 20 to 24, and 25 to 29 years of age. The HbsAg
prevalences among adults aged 20 to 24 and 25 to 29 years
were estimated by using the arithmetic means of the values
for different birth years in a study conducted at Fu-Jen
Catholic University, in northern Taiwan.16 Prevalence for
those younger than 20 years was estimated at 3%, based on
a nationwide study recently conducted among Taiwanese
preschoolers.17 It is believed that the introduction of universal
vaccination in 1986 led to equal seropositivity rates among all
people younger than 20 years.

HbeAg
Hepatitis B e antigen (HbeAg) is a marker of high viral
replication, and is useful for evaluating prognosis and
treatment.8 Statistics regarding e antigen prevalence were
obtained from large population-based studies.8,18 Yang et al8

examined adult male carriers and provided data on e antigen
prevalence among adults aged 30 to 65 years. Although a

study by Chu et al18 investigated asymptomatic carriers only,
and thus has an element of selection bias, it was nonetheless
deemed appropriate to use their data on asymptomatic patients
aged 15 to 29 years in the present model.18 Because relatively
few carriers in the younger age group are symptomatic,
selection bias should be minimal. The 2 data sets were
combined to encompass HbeAg prevalence from age 15 to 65
years. The present model assumed equal e antigen prevalence
between male and female carriers.19 The prevalence of e
antigen among people over 65 years was held equal to that of
those aged 65, due to insufficient data from older age groups.
Adult HbeAg-positive carriers have a worse prognosis, with

relative risks of 6.27 and 2.2 for hepatocellular carcinoma
and chronic liver disease mortality, respectively.7,8 HbeAg
prevalence appeared to decrease exponentially, so the data
were best fitted to an exponential curve using Curve Expert, a
software program that employs the Levenberg–Marquardt
algorithm.20,21 E antigen status was only taken into
consideration after the age of 15 years, because the
prognostic value of HbeAg is better validated in adolescents
and adults.22 In addition, most children are in a quiescent
immune-tolerant phase of the disease.23 The e antigen
prevalence for each age interval was calculated with the
curve-fitted equation using the median age of the interval.

Hepatocellular carcinoma
Hepatitis B infection markedly increases an individual’s risk
of hepatocellular carcinoma, the predominant form of liver
cancer. Its effect on other forms of primary liver cancer (PLC)
is less clear,24 although it is assumed that the incidences of
non-HCC liver cancers are similar in carriers and the general
population. HCC accounts for approximately 92% and 85% of
all PLCs among Taiwanese men and women, respectively.25

The relative contribution of hepatitis B to HCC has been
examined retrospectively.26,27 In Taiwanese younger than 40
years, approximately 90% of HCC cases were positive for
HBV.27 In a related study, in which the vast majority of
patients were older than 40 years, gender was also found
to affect the prevalence of HBV in liver cancer: among
Taiwanese HCC patients, 67% of men were HbsAg-positive,
as compared to 41% of women.26 It was thus assumed in the
present model that among all people younger than 40 years,
regardless of sex, 90% of HCC cases were associated with
hepatitis B. For those older than 40 years, the values of 67%
and 41% were used for men and women, respectively.

Chronic liver disease
The Taiwan cohort of the early 1990s demonstrated that
people with hepatitis B and hepatitis C (HCV) had similar
rates of CLD mortality.28 Based on that cohort’s data on
person-years of follow-up and mortality, it is estimated that
hepatitis B is associated with approximately 45% of CLD
mortality in Taiwan. Since HBV generally plays a greater
role in males than in females, due to its higher prevalence
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among the former, values of 50% and 40%, respectively, were
used in the present model. Unfortunately, the dynamics of
the age-related HBV contribution to CLD death are not well
understood.

Mortality and survival plots
General population mortality data were provided for age
groups in 5-year intervals. Liver cancer mortality was adjusted
for the proportion with an HCC diagnosis, the percentage
of HCC associated with hepatitis B, and the population
prevalence of HbsAg. The same process was performed for
CLD death. Mortality was also analyzed with respect to
HbeAg status and adjusted by relative risk and age-specific
HbeAg prevalence. The overall carrier mortality rate was
obtained by summing the rates of non-liver, HCC, CLD,
and non-HCC liver cancer. The values for noncarriers were
calculated using the same methods. Survival plots and
life expectancies were obtained by using an abridged life
table, whereby a hypothetical cohort was subjected to age-
specific mortality rates, with survivors proceeding to the
subsequent age interval.29 Relative mortality risks were
calculated and standardized to the 2006 Taiwan population
distribution.

Sensitivity analysis
To determine the extent to which input estimation altered final
life expectancy, sensitivity analysis was performed on several
variables. Only one input was analyzed at a time, while the
others were held at their original values. Surface antigen
prevalence, HBV-associated HCC death, and the fraction of
HCC within primary liver cancers were all given upper and
lower estimates of 125% or 75%, respectively, of their original
value. Because the data were less conclusive regarding HBV-
associated CLD death, the estimates were 150% and 50% of
the original estimate. In addition, upper and lower estimates
for life expectancy and relative mortality risk were used, with
all variables set towards highest or lowest mortality.

RESULTS

Hepatitis B prevalence, as measured by HbsAg, continued to
increase until the fourth decade, after which it declined
(Table 1). Males had equal or higher seropositivity than
females in all age groups. The lowest rates of infection were
found in people younger than 20 years, ie, those who were
born after universal vaccination was introduced.

HbeAg prevalence is the percentage of HbsAg carriers who
are also HbeAg-positive. Figure 1 shows an age-specific
prevalence curve that has been fitted to an exponential decay
model. The percentage of e-positive carriers ranges from
approximately 66% among people aged 15 to 19 years to 5%
among those 65 years or older.

Regarding mortality trends, e antigen-positive men are
significantly more likely to die from HCC than from CLD; e

antigen-negative men have less divergence between the rates
for HCC and CLD (Figure 2). Among females, chronic liver
disease represents a relatively higher proportion of liver-
related deaths (Figure 3). Among those aged 80 to 84 years,
HCC carries the highest risk among both men and women.

Table 1. Prevalence of hepatitis B surface antigen in Taiwan,
by sex and age group

Age group
(yrs)

HbsAg prevalence (%)a

Male Femaleb

<20 3 3
20–24 6.1 4.5
25–29 12.7 9.7
30–39 23.8 14.9
40–49 21.9 13.8
50–59 18.9 12.7
>60 12.5 10.7

aprevalence data are compiled from several population-based surveys
on seroprevalence.7–9,16,17
bprevalence data for females aged 30 to 59 years were calculated by
subtracting available data for males from overall prevalence, using
studies based on the same cohort.7–9
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Figure 1. The prevalence of hepatitis B e antigen by
age, based on data from 2 seroprevalence
surveys.8,18 The data were curve fitted with
Curve Expert using the Levenberg-Marquardt
method.20,21 The equation of the curve is
displayed; the correlation coefficient was 0.998.
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Figure 2. Age-specific mortality among male hepatitis B
carriers caused by hepatocellular carcinoma
and chronic liver disease, by e antigen status.
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Since e antigen conveys a 6.27 RR for HCC mortality,
e-positive adults are always at higher risk. When subgrouped
by sex and HbeAg status, peak HCC mortality varies
greatly. For example, e antigen-positive males have a peak
HCC mortality around 7000 per 105. In contrast, the peak
for e antigen-negative females is approximately 370 per 105.
Thus, there is nearly a 20-fold difference in peak HCC
mortality between the highest and lowest risk carrier
subpopulations. Chronic liver disease mortality decreases
slightly among adults aged 85 to 89 years and is less
influenced by e antigen status. There is also less of a gender
gap in CLD mortality in that age group, although males still
have a worse prognosis.

Figure 4 shows liver mortality rates among male and
female HBV carriers. Before age 30 years, liver mortality is
rare. Male carriers surpass a liver mortality rate of 100 per 105

at approximately the age of 35 years, whereas female carriers
do so at approximately the age of 55 years. By age 60 years,
males have a liver mortality rate of 1000 per 105; female
carriers on average never reach this rate. Adults aged 80 to 84
years have the highest liver mortality: 1900 and 900 per 105 in
men and women, respectively. The graph illustrates that as age
increases the ratio of male to female deaths decreases but the
absolute differences do not.

Male carriers have an overall relative risk (RR) of death
of 1.35, as compared to noncarriers aged 1 to 89 years,
standardized to the 2006 Taiwan population. Female carriers
have an RR of 1.16.
The survival plot (Figure 5) shows that female HBV

carriers experience a modest reduction in life expectancy,
which shifts the mean life expectancy from 82.0 to 80.1 years.
Among men, the effect is more pronounced, resulting in a loss
of 4.4 years—from 76.2 to 71.8 years. The 75% survival mark
is reached at age 62.8 years for male carriers, versus age 68.3
years in noncarriers. Among women, 75% of carriers survive
to age 73.4 years, while 75% of noncarriers live to be 76.0
years.
Sensitivity analysis was performed to test the impact of

altering surface antigen prevalence, the percentage of HBV-
associated HCC, the percentage of HCC among primary
liver cancers, and the percentage of HBV-associated CLD
(Table 2). The analysis revealed that the output is most
sensitive to alterations in HbsAg prevalence. However, the
differences between the high and low estimates are all less
than 2.3 years. Table 3 shows outcomes when all variables in
sensitivity analysis are shifted in favor of or against survival.
In this scenario, the low and high estimates vary by only 3.2
years for women, in comparison to 5.9 years for men. Based
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Figure 3. Age specific mortality among female hepatitis B
carriers caused by hepatocellular carcinoma
and chronic liver disease, by e antigen status.
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Figure 4. Overall liver-related age-specific mortality of
hepatitis B carriers, by sex.
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Figure 5. Survival of hepatitis B carriers versus noncarriers, by sex.
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on the extremes of sensitivity analysis, the estimated relative
mortality risks would range from 1.09 to 1.74 for men and
1.04 to 1.34 for women. All input changes produce greater
output variations in males than in females.

DISCUSSION

Chronic hepatitis B is a common disease in Taiwan,
affecting 15% to 20% of the general population.7,8 Universal
vaccination has had a very positive impact among the younger
population, but most people over 20 years of age have not
been vaccinated. Thus, chronic liver disease is expected to
remain a major health concern in Taiwan for many decades.
As shown in Table 1, the highest prevalence of surface
antigen is found in adults aged 30 to 39 years. This may
simply be a cohort effect, but it may also reflect the
combined effects of chronic infection early in life and
horizontal transmission as people age. The subsequent
decline in prevalence may reflect the combined effects of

higher mortality amongst carriers and HbsAg seroclearance.
The exponentially decreasing prevalence of HbeAg results

from seroconversion caused by an active immune response
against infected hepatocytes.23 Seroconversion tends to occur
later in the course of infection, which results in a lower
prevalence of HbeAg among older age groups (Figure 1).8 As
shown in Figures 2 and 3, e antigen-positive individuals have
considerably higher liver mortality, particularly for HCC. It is
important to note, however, that the majority of e antigen-
positive individuals are in a younger age group, in which
absolute mortality rates are low. Once an individual passes
the age of 40 years, the consequences of e antigen positivity
are more significant, due to higher baseline risks. Delayed
e antigen seroconversion to anti-Hbe, such as e antigen
positivity after the age of 40 years, has been associated with
poor prognosis.23 Despite relatively low liver mortality in
people younger than 40 years, the development of cirrhosis
can precede CLD death by many years.30 Thus, a carrier who
dies at 40 years of age may have already developed cirrhosis
in their fourth decade of life.
HCC is more heavily implicated in male, as compared to

female, mortality, regardless of e antigen status (Figures 2 and
3). It is well established that HCC is a predominantly male
phenomenon, with a reported male to female ratio ranging
from 2:1 to 7:1.26,31,32 It has been hypothesized that hormonal
influences play a major role, and the fact that the male to
female mortality ratio appears to decrease after menopause
supports this hypothesis (Figure 4). Although female carriers
never reach the same absolute mortality rates as males, the
liver mortality slopes become nearly parallel, beginning
at approximately age 55 years (Figure 4). Unfortunately,
relatively few human studies have examined hormonal factors
and thus their precise role is not known.33 Further study of
these variables may yield more potential risk factors and
treatments.
Figure 4 shows that men surpass a liver mortality rate of

100 per 105 at approximately age 35 years; women reach this
mortality rate at approximately age 55 years. Based on these
findings, it would be advisable to regularly screen carriers for
HCC and cirrhosis at least 5 to 10 years before these ages.
In males, the relative risk of mortality is estimated at 1.35

(1.09–1.74), as compared to noncarriers. The estimated carrier
life expectancy is 71.8 years, as compared to 76.2 years
among noncarriers (Figure 5). These results are consistent
with other estimates, which indicate that 15% to 40% of HBV
carriers die of liver complications.34 Although an individual
carrier’s risk of complications rises with increasing age, a
sizable proportion of HCC and CLD deaths is distributed
among men younger than 60 years.26 This can be explained by
the demographic distribution in Taiwan: the number of men
aged 40 to 59 years is more than 2.6 times that of men aged 60
to 79 years.13

Despite a better prognosis, the gravity of hepatitis B in
females must not be dismissed. Among women, chronic HBV

Table 2. Sensitivity analysis of the life expectancy of
hepatitis B carriers after alteration of input variables

Input Variablesa
Life expectancy (years)

Male Female

HbsAg prevalence
Low 70.4 79.4
High 72.7 80.5

HBV-associated HCC
Low 72.5 80.4
High 71.1 80.0

HBV-associated CLD
Low 72.5 80.5
High 71.0 79.6

%HCC in PLC
Low 72.3 80.3
High 71.6 79.9

aThe analyzed input was varied between a low and a high estimate,
while all other variables were held at the original estimate. Low and
high estimates represent 75% and 125% of the original input,
respectively; however, for HBV-associated CLD, the low and high
estimates are 50% and 150% of the original input.

Table 3. Low, middle, and high estimates for life expectancy
among hepatitis B carriers, as compared to
noncarriers

Life expectancy (years)

Male Female

Carriera

Low 68.4 78.1
Middle 71.8 80.1
High 74.3 81.3

Noncarrier 76.2 82.0

aLow and high estimates were calculated by aligning all 4 sensitivity
analysis variables from Table 2 against or in favor of survival,
respectively. The middle value is the original estimate for life
expectancy.
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infection increases the relative risk of mortality to 1.16
(1.04–1.34), as compared to noncarriers, which is consistent
with the findings of previous research.34 This results in a
decrease in life expectancy from 82.0 years in noncarriers to
80.1 years in carriers (Figure 5). Thus, the risk of liver-related
mortality in female carriers is nearly 3 times higher than that
of breast cancer, a disease commonly feared by women.35 In
addition, females are able to transmit the causative virus
vertically; thus, proper medical management is essential for
both individual and public health.

Sensitivity analysis (Table 2) showed that the model is
most sensitive to variability in HbsAg prevalence. However,
variations in any single variable had a minimal impact
on estimates. Although liver disease is one of the highest
specific causes of mortality in carriers, the majority of
carrier deaths are not liver-related. Therefore, changes in
single input variables have only a modest impact on overall
life expectancy. In Table 3, in which all factors are aligned
in favor of or against survival, the high and low estimates
are only 3.2 years apart for women. For men the estimate
range is higher—5.9 years. These differences in range are
the result of greater liver mortality in men, ie, changes in
percentage input have a greater effect on absolute output
values.

The results of this model are consistent with those of
Pokorski and Ohlmer.36 Using a Markov model, they
estimated mortality risk in Asian carriers to be between 1.50
and 1.75 for men and 1.25 and 1.50 for women. Cohort
studies from Australia and Taiwan have also yielded similar
results: 1.4 (1.3–1.5) and 1.7 (1.5–1.9), respectively.7,37 The
present model produced lower relative mortality estimates
than did the other studies, perhaps because the cohort studies
were restricted to middle-aged and young-old adults.

There are some limitations in this study. The role of
treatment using interferon and antivirals was not considered
in the present model. These treatments, however, were not
reimbursed by the Taiwanese government until 2003 and thus
have not been widely used.34

Seroclearance of HbsAg is a modifier of surface antigen
prevalence when chronic carriers were followed over
decades.38 Chronic carriers who clear HbsAg generally have
good prognoses, but nevertheless remain at greater risk than
the general population.39 Only a small number of studies
have been conducted to determine the rate of clearance.
Not accounting for these former carriers causes a slight
overestimation of carrier risk.

The status of HbeAg-negative chronic active hepatitis
cannot be accommodated in this analysis due to its
unconfirmed prevalence in Taiwan. In addition, the
definition of e-negative chronic active hepatitis is still
debated, with questions surrounding the adequacy of a DNA
level cut-off versus the need for biopsy confirmation.40 The
prevalence of e-negative active disease also varies with age;
however, no age-specific data exist.41

Although HBV DNA is a known prognostic factor for
chronic carriers, it is a highly dynamic variable and studies
with regular follow-up and repeated DNA measurements are
lacking.34 Until such studies become available, this factor
cannot be reliably modeled.
Confidence intervals were not provided in this model due to

the use of data derived from studies involving large sample
sizes. The standard errors of these studies would thus have
played a minor role in causing estimation error in comparison
to the variation of inputs, as demonstrated in the sensitivity
analysis.
An advantage of a mathematical model derived from

population data is the relative avoidance of the selection bias
that is inevitably present in tertiary-center studies. It also
avoids the bias of research conducted solely on asymptomatic
carriers. The present model will aid clinicians in providing
information on prognosis, but it can also be employed in
public health or economics research on hepatitis B disease
burden and cost-benefit analysis.
The present model indicates that hepatitis B carriers in

Taiwan have a reasonable life expectancy. With proper
medical management and the advent of new antivirals, the
prognosis for individual carriers will likely improve in the
near future. The overall health burden of this disease,
however, is likely to remain high in endemic areas for many
decades to come.

APPENDIX

HbsAg
Male carrier rates are reported for all age ranges.8 Female
HbsAg carrier rates between the ages of 30 and 65 years are
calculated by subtracting male values from overall values.7,9

Pbf ¼ ðnbt � nbmÞ=ððnbt þ nct þ nntÞ � ðnmÞÞ
Where Pbf is the female %prevalence of HBV; nbt is
the total number of HbsAg-positive patients; nbm is the
number of male HbsAg-positive patients; nct is the total
number of anti-HCV-positive but HbsAg-negative patients;
and nnt is the total number of HbsAg- and anti-HCV-negative
patients.

Mortality
Mortality calculations were performed for carriers and
noncarriers. Unless otherwise noted, all variables represent a
specific age group and sex.
Step 1: Calculate HCC and non-HCC PLC mortality rates.

For carriers: mhc ¼ ðml � LhÞ � Hb=Ps

For noncarriers: mhn ¼ ðml � LhÞ � ð1� HbÞ=ð1� PsÞ
Non-HCC PLC mortality: mn ¼ ml � ð1� LhÞ

Where mhc is the carrier HCC mortality rate (MR); ml is the
MR of all liver cancers in the general population; Lh is the %
of PLC diagnosed as HCC; Hb is the %prevalence of HBV in
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HCC cases; Ps is the %prevalence of HbsAg in the population;
mhn is the noncarrier HCC MR; mn is the MR of non-HCC
liver cancers in both carriers and noncarriers.

Step 2: Calculate CLD mortality rates.

For carriers: mcc ¼ mcg � Cb=Ps

For noncarriers: mcn ¼ mcg � ð1� CbÞ=Ps
Where mcc is the carrier CLD MR; mcg is the MR of CLD in
general population; Cb is the % of CLD deaths associated with
HBV; mcn is the noncarrier CLD MR.

Step 3: Perform separate calculations for e-positive and
e-negative HBV patients

Ehp ¼ Rh �mhc=ððRh � 1Þ � Pe þ 1Þ
Ecp ¼ Rc �mcc=ððRc � 1Þ � Pe þ 1Þ
Ehn ¼ Ehp=Rh

Ecn ¼ Ecp=Rc

Where Ehp is the HCC MR in e-positive individuals; Ecp is the
CLD MR in e-positive individuals; Ehn is the HCC MR in
e-negative individuals; Ecn is the CLD MR in e-negative
individuals; Rh is the relative risk of e positivity for HCC;
Rc is the relative risk of e positivity for CLD; Pe is the
%prevalence of e antigen in carriers.

Step 4: Calculate total mortality by summing mortality
causes. The sample calculation for carriers is shown.

Mc ¼ mhc þmcc þmn þmo

Where Mc is the overall carrier MR; mo is the total non-liver
related MR of the general population.

Relative risk
The relative risks are calculated by standardizing mortality
rates in each age group with the 2006 population
demographics of Taiwan.

RR ¼
Xn

i¼1

ðMci=Mni � Ai=TÞ

Where i = 1 represents those aged 1–4 years, 2 those aged
5–9 years…up to those aged 85–89 years; RR is the relative
risk of mortality; Mci is the MR of carriers in the ith age
interval; Mni is the MR of noncarriers in the ith age interval; Ai

is the population size of the ith age intervals; T is the total
population of Taiwan aged from 1 to 89 years in 2006.

Survival curve
An abridged life table was used to calculate survival.29 An
initial hypothetical cohort of 100 000 people starting at age 0
is assumed to experience the same mortality rates for the
duration of each age interval. The survivors then proceed to
experience the mortality of the subsequent interval.

Step 1: Calculate the probability of dying between the ages
x and x + n, where n is the length of the age interval.

nqx ¼ ðn� nMxÞ=ð1þ n� ð1� naxÞ � nMxÞ

Where nqx is the probability of dying between the ages x
and x + n; nMx is the MR between ages x and x + n; nax
is the estimated fraction of the age interval experienced by
individuals who die between the ages of x and x + n, where

1a0 = 0.1, 4a1 = 0.4 and all other nax = 0.5.
Step 2: Calculate the number of people alive at each age

and the number who die in each interval

Ixþn ¼ Ix � ð1� nqxÞ
ndx ¼ Ix � Ixþn

For the last open-ended age interval (age 90+ years),
d90+ = I90, because all remaining people will die eventually.
Where Ix is the number of people alive at age x, with I0 as

the initial cohort of 100 000; ndx is the number of people who
die between ages x and x + n.
Step 3: Calculate the total number of person-years lived

contributed by those alive and those who died between the
ages of x and x + n

1L0 ¼ I1 þ 0:1� 1d0

4L1 ¼ 4� I5 þ 4� ð0:4� 4d1Þ
nLx ¼ n� ðIxþn þ IxÞ=2

Where nLx is the total number of person-years lived between
the ages of x and x + n.
Step 4: Calculate life expectancy

e ¼
X

nLx=I0

Where e is the life expectancy.
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