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Abstract

Age at infection with hepatitis B virus (HBV) is a known risk factor for chronic HBV infection. However, in addition, there is
some evidence that early age at infection further increases the risk of primary liver cancer beyond its association with
increased risk of chronic infection. This systematic review of observational studies assesses the association between age at
initiation of chronic HBV infection and liver cirrhosis, hepatocellular carcinoma, and their predictors including indicators of
ongoing viral replication and hepatic damage. The review includes birth order and maternal HBV serology as proxies for age
at infection. Electronic searches in two English-language (Medline and Embase, until Jan 2012) and two Chinese-language
(CNKI and SinoMed, until Sep 2012) databases without language restriction and manual search through reference lists
identified 7,077 papers, of which 19 studies of 21 outcomes (8 primary liver cancer, 1 liver cirrhosis, 10 viral replication and 2
liver inflammation) are included. One study directly examined the age at infection in a longitudinal cohort, 12 assessed
maternal sero-status and 6 investigated birth order. The direction of associations in all studies was in accordance with our
hypothesis that earlier age at infection is associated with worse outcomes in addition to its effect of increasing the
probability of chronic HBV infection. This has implications for the control of hepatitis B.
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Introduction

Chronic infection with the hepatitis B virus (HBV) is associated

with an increased risk of liver cirrhosis and hepatocellular

carcinoma (HCC) [1]. The prevalence of chronic hepatitis B

(CHB) infection varies considerably according to geographical

regions, as does the incidence of HCC, and highly endemic areas

of HBV infection such as East Asia or sub-Saharan Africa have

high HCC incidence [2]. However, the risk of HCC amongst

people with CHB infection also varies markedly by geographical

areas. Population-based cohort studies in hepatitis B surface

antigen (HBsAg)-positive men have estimated age-standardized

HCC incidence rates of 451–1,030/100,000 carrier-years in East

Asia [3,4], 68/100,000 carrier-years in sub-Saharan Africa [5] and

34/100,000 carrier-years in the Mediterranean basin [6]. This

variation in incidence appears to be due to variation in HBV

natural history as is discussed below.

Persistence of high HBV viral load [7] or e antigenemia [8] play

an important role in increasing the risk of primary liver cancer,

and variations in this may explain the observed geographical

difference in HCC incidence. In Taiwan, about half of HBsAg-

positive children remain hepatitis B e antigen (HBeAg)-positive

into their twenties [9], while in sub-Saharan Africa where HBV

endemicity is similar, the prevalence of HBeAg among HBsAg-

positive people declines to 10% in the second decade of life [10].

Evans et al. attempted to identify factors responsible for the

persistence of high viral replication in an ecological study

comparing Chinese and African populations. They suggested that

earlier age at HBV infection and the subsequent prolonged

maintenance of viral replication in Asians with CHB infection is

the cause of the higher HCC incidence in Asia [5]. Indeed, there is

wide geographical variation in the mode of HBV transmission

which may explain the differences in the average age at which

persistent infection is established. In sub-Saharan Africa or the

Mediterranean basin, horizontal transmission during childhood is

the major mode [11]. In contrast, perinatal transmission from the

mother is important in Asia where 40% of chronic infections were

attributable to this mode in the pre-vaccination era [12].

Age at infection is known to influence the establishment of HBV

infection. Infection persists in 80–90%, 20–30%, ,10%, and

,5% of people infected perinatally, in early childhood, adoles-

cence, and adulthood, respectively [13]. However, it is unclear

whether early HBV infection also increases the risk of liver

cirrhosis and/or HCC through the persistence of high viral

replication, in addition to increasing the risk of chronic infection

[14]. We therefore undertook a systematic review of observational
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studies where the association between age at establishment of

chronic HBV infection and risk of cirrhosis and/or HCC has been

investigated among people chronically infected with HBV.

In addition to liver cirrhosis and HCC as endpoints, two

indicators of ongoing viral replication (serum HBV DNA level,

presence or persistence of viral replication (HBeAg)) and two of

hepatic damage (elevated serum alanine transaminase (ALT) and

degree of hepatic fibrosis) were included. These are important

predictive factors for cirrhosis and HCC, and often used as

indicators for antiviral treatment of CHB infection [15]. Our

hypothesis is that earlier age at infection is associated with worse

outcomes in addition to its effect of increasing the probability of

chronic HBV infection.

Materials and Methods

Inclusion Criteria
Types of participants. CHB infection was defined as serum

HBsAg positivity on two occasions at least 6 months apart.

However, because new HBV infections in adults are uncommon in

highly endemic areas where the vast majority of HBsAg-positive

people acquire the infection perinatally or during childhood,

HBsAg positivity on only one occasion in adults living in highly

prevalent communities was assumed to reflect chronic carriage of

HBsAg [5].

Exposures of interest. The age at the time of infection with

HBV was estimated by one of the following: 1) direct measurement

through frequent serological examination of an uninfected cohort

to determine the time point at which a person sero-converted from

negative- to positive-HBsAg; 2) the HBV serological profile

(HBsAg and/or HBeAg) of the mother of the participant; or 3)

the person’s birth order. We expect early age at infection to be

negatively associated with birth order in an endemic area, because,

in the absence of immunization, early-born children are exposed

to common infectious pathogens after they start to go to the

school, whereas later-born children are often exposed much earlier

through their older siblings [16]. In contrast, we expect early age

at infection with HBV to be positively associated with having a

HBsAg-positive (and especially HBeAg-positive) mother, because a

chronically infected individual with seropositive mother has a

higher likelihood to have been infected through perinatal

transmission than an individual with CHB infection who was

born to a seronegative mother. Maternal history of HBV infection

was not considered in the review because it is frequently unknown,

and absence of a history does not necessarily indicate that the

mother is negative for HBV marker.

Outcomes of interest. Quantitative/qualitative serum HBV

DNA, presence of serum HBeAg, levels of serum ALT, degree of

liver fibrosis, cirrhosis, and HCC.

Types of studies. Any observational studies (i.e., cross-

sectional, case-control or cohort) published in any language which

met all of the following criteria were included: the study examined

the association between any of the exposures of interest and any of

the outcomes of interest described above; individuals without CHB

infection were excluded from the analyses (because the primary

focus of this review is the link between age at infection and the risk

of HCC beyond its effect of increasing risk of CHB infection); in

studies of maternal HBV sero-status, the subjects with unknown

maternal sero-status were excluded from the analyses to avoid

misclassification of exposure status; case series, i.e. studies without

a control group, were included if the Greenwood-Yule method, or

a related approach, was used to examine the birth order

distribution [17].

Search Strategy
We conducted a systematic search using two English-language

databases (Medline, 1946 to Jan 2012 and Embase, 1974 to Jan

2012) and two Chinese-language databases (CNKI, 1979 to Sep

2012 and SinoMed, 1979 to Sep 2012). Subject headings used in

Medline search included ‘‘hepatitis B’’, ‘‘alanine transaminase’’,

‘‘hepatitis B e antigens’’, ‘‘DNA, viral’’, ‘‘virus replication’’, ‘‘liver

cirrhosis’’, ‘‘hepatocellular carcinoma’’, ‘‘age factors’’, ‘‘infectious

disease transmission, vertical’’, and ‘‘birth order’’. Manual search

through reference lists was also conducted. Gray literature was not

searched. The full search strategy is reported in Appendix S1.

Study Selection
Eligibility criteria were specified in advance and documented in

a protocol (Appendix S2). The title and abstract of all papers

identified by the electronic searches in English databases were

screened by two independent reviewers (YS and NT). Those

identified in Chinese databases were screened by another reviewer

(HY). Papers detected through the screening process were

retrieved and reviewed to assess their eligibility. Disagreements

were resolved by discussion with a fourth author (AH). Twenty-

seven authors of the articles were contacted for clarification of the

study design or results. Seventeen responded and nine provided

numerical data that were not presented in the published papers.

Data extraction was independently carried out by two reviewers

for articles from the English databases and by one reviewer for

those from the Chinese databases. A standardized pre-piloted data

extraction sheet was used (Appendix S3). The included studies

were evaluated for the risk of bias (Appendix S4). The aim of

assessing the risk of bias was to summarize limitations identified in

each study, rather than to exclude additional studies on the basis of

low methodological quality.

Statistical Analysis
For the cross-sectional and case-control studies, odds ratios

(OR) were estimated. In longitudinal studies, the risk ratio, rather

than the rate ratio, was computed because person years at risk

were not available for many of the published papers. The chi-

squared test (or Fisher’s exact test for small samples) was used to

test the statistical significance of the crude associations. The chi-

squared test for trend was presented for the association between

birth order and liver disease. For studies where no events were

reported in one of the comparison groups, odds ratios were

estimated by adding 0.5 to each cell of the contingency table. The

Greenwood-Yule method was used to estimate the expected

distribution of birth order among cases in studies without a control

group, and a statistical test introduced by Haldane and Smith that

compares the sum of the observed birth ranks with the sum of

expected birth ranks was applied [18]. We present adjusted effect

estimates for studies where these were reported in the original

analysis. A meta-analysis was not performed because of differences

in outcomes and exposures between studies. Potential for

publication bias was visually assessed using funnel plots and

statistically with Egger’s test [19]. This review was reported in

accordance with checklists presented in the PRISMA guidelines

(Checklist S1) [20]. All analyses were conducted using STATA

11.0 (Stata Corporation, College Station, Texas).

Results

The search of databases identified 7,077 potential articles (2,250

in Medline, 3,288 in Embase, 136 in CNKI and 1,403 in

SinoMed) of which 1,593 were excluded due to duplication.

Review of the titles and abstracts excluded 5,086. Forty-three
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papers were manually identified from reference lists. The full text

of the 441 articles was examined in detail, and of these 422 was

discarded leaving 19 papers eligible for the systematic review.

Criteria of exclusion are described in Figure 1.

Figure 1. Flow diagram of study selection. Abbreviations: CHB, chronic hepatitis B; HBV, hepatitis B virus.
doi:10.1371/journal.pone.0069430.g001
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There was only one longitudinal study that examined the

association between age at first HBsAg-positive result and

persistence of HBeAg [21]. This study used an historical cohort

of HBsAg-negative children in Alaska who were later identified to

have a CHB infection through semi-annual serological follow-up.

The cohort was followed up for greater than ten years to assess the

timing of HBeAg loss (Table 1).

A total of 12 studies assessed the association of maternal HBV

sero-status with various outcomes (Table 2 and 3); HCC (2 case-

control studies) [22,23], cirrhosis by liver histopathology (1 cross-

sectional study) [24], persistence of HBeAg (4 cohort studies) [25–

28], and presence of HBeAg at one time point (5 cross-sectional

studies) [29–33]. The two cohort studies that evaluated HBeAg

loss also examined ALT levels [25,28]. Except for four studies

[26,30–32], the studies exclusively enrolled children. In all the

cohort studies, treatment was not given during follow-up except

one study of steroid withdrawal therapy [26]. All studies examined

HBsAg as the only maternal HBV marker, and three also

considered maternal HBeAg [28,29,33]. The proportion of

participants with available maternal sero-status varied markedly

between studies. In two studies having a mother alive [30] or

maternal serology available [25] was one of the eligibility criteria

while among the remaining studies the percentage of subjects with

known maternal sero-status varied from 49% [32] to 95% [27,28].

The timing of when maternal sero-status was defined in relation to

the child’s age also varied. One study in England [29] assessed

prenatal maternal HBeAg whereas 6 studies examined mothers’

HBV markers when their children were enrolled in the study

(Table 2 and 3). In the remaining 5 studies, the timing was

unclear.

For birth order, one cross-sectional study [34] and two case-

control studies [16,35] compared the frequency distribution of

birth order by the presence of HBeAg-positivity and HCC,

respectively (Table 4). Three Chinese case series of HBV-related

HCC used the Greenwood-Yule method (Table 5) [36–38]. All

birth order studies were conducted in adults.

Except for one study [28], all longitudinal studies compared

proportions rather than incidence rates. Results of multivariable

analyses were only reported in three studies [16,28,35] although

some studies presented results stratified by age group [27,30]. The

author of a New Zealand study [32] provided additional data

which enabled us to control for age. The risk of bias in the

included studies is summarized in Appendix S5.

Time of HBV Infection Study
In the Alaskan study children who remained HBeAg-positive

were infected younger (median 4.6 years) than children who lost

HBeAg with subsequent reversion to HBeAg positive (median 12.5

years) or without reversion (median 7.8 years, Table 1).

Maternal HBV Serology Studies
Three pediatric studies from Taiwan, two with HCC and one

with cirrhotic changes in liver histopathology as outcome, revealed

a similar magnitude of association with having an infected mother

(ORs range from 11.3 to 16.0, Table 2 and Figure 2). One

longitudinal study of treatment-induced HBeAg loss in adults and

three studies of spontaneous HBeAg loss in children found good

evidence for an association of HBeAg persistence with having an

HBsAg-positive mother (Table 3 and Figure 2). However, in one of

these [28] the association was no longer statistically significant

after adjusting for maternal HBeAg, peak ALT and HBV

genotype (hazard ratio 1.2, 95% confidence interval (CI): 0.8,

1.8). Another study [27] stratified the analysis by age at study entry

and observed heterogeneity (test of homogeneity P,0.0001) in the
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risk ratios; 0.87 (95% CI: 0.79, 0.95), 1.1 (0.8, 1.4) and 1.3 (1.0,

1.7) in age group of ,1, 1–6 and .6 years old, respectively. Tseng

et al. [28] evaluated maternal HBeAg in addition to maternal

HBsAg and found a good evidence for the association with

children’s HBeAg persistence in univariable analysis (risk ratio 2.3,

95% CI: 1.5, 3.6) and after controlling for maternal HBsAg, peak

ALT and HBV genotype (hazard ratio 1.8, 95% CI: 1.1, 2.8).

Of five cross-sectional studies of HBeAg prevalence (Table 3

and Figure 2), one from New Zealand [32] showed strong

evidence for an association with positive maternal HBsAg and this

remained after controlling for age (OR 1.8, 95% CI: 1.3, 2.4). The

pediatric study of immigrants in Sweden found weak evidence

(OR 8.2, 95% CI: 0.8, 400.8, P=0.09) for an association with

having an HBsAg-positive mother [33]. Although the other studies

did not demonstrate a statistically significant difference in HBeAg

prevalence between those born to seropositive and seronegative

mothers, the direction of the association was positive. Habu et al.

[30] found no evidence of an association after adjusting for age

(OR 1.6, 95% CI: 0.9, 2.9).

Two longitudinal cohort studies of children positive for HBeAg

assessed peak ALT levels during follow-up (Table 2 and Figure 2)

[25,28]. In both studies, there was good evidence that the

proportion that experienced abnormally high ALT levels was

smaller in children born to HBsAg-positive mothers than in those

born to negative mothers.

Birth Order Studies With a Control Group
Both Greek studies found that later birth order is associated with

a higher risk of HCC (Table 4). This association did not change

after adjusting for other prognostic factors. A Taiwanese cross-

sectional study of HBeAg prevalence showed weak evidence for

the association between earlier birth order and higher risk of

positive HBeAg.

Birth Order Studies without Control Group
A study from Haimen, China demonstrated that there was a

higher than expected frequency of HCC patients in birth orders 1–

3, and a lower than expected frequency in birth orders higher than

4 (Table 5). The Haldane-Smith method confirmed statistical

evidence (P=0.03) of this. A study from Shunde district was

consistent with these findings. And the association was in the same

direction but not statistically significant in a study from Luoyang

(P=0.4).

Publication Bias
A funnel plot is presented for the studies examining the

association between the maternal HBV marker and the persis-

tence/prevalence of HBeAg (Figure 3). The plot appears

asymmetric (which is indicative of publication bias) and this is

confirmed by Egger’s test (P = 0.04). There were too few studies to

assess publication bias for other associations.

Discussion

Of 21 outcomes examined in 19 studies, univariable analysis of

14 outcomes supported our hypothesis with P#0.05 and two with

weak evidence (0.05,P,0.1). Although the other studies did not

reach statistical significance, the direction of the associations was

consistent with our hypothesis.

McMahon et al. directly assessed the age at HBV infection and

its association with HBeAg persistence in Alaskan natives whose

approximate date of infection was known because of consecutive

serological tests. They showed that the median age at first HBsAg-

Figure 2. Effect measures and 95% CIs for the association between maternal HBV sero-status and HBV-related outcomes. Odds ratios
for case-control or cross-sectional studies [22–24,29–33] and risk ratios for cohort studies [25–28] are presented. Except the study by Wheeley [29]
which assessed maternal HBeAg, all studies examined maternal HBsAg.
doi:10.1371/journal.pone.0069430.g002
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positive result was lower in those who did not clear HBeAg during

the follow-up period than those who HBeAg sero-converted,

suggesting that the early age at infection is associated with delayed

HBeAg loss. However, the length of follow up is different for the

two groups, which is a crucial determinant of the chance of

HBeAg loss.

Studies of maternal HBV serology showed that having a mother

with a positive HBV marker is associated with worse outcomes

(HCC, cirrhotic changes, persistence of HBeAg or possession of

HBeAg at one particular time) although three of these were not

supported by statistical evidence. Two longitudinal studies from

East Asia which evaluated both HBeAg loss and peak ALT levels

during follow-up demonstrated good evidence that children with

HBsAg-positive mothers experienced elevated levels of hepatic

enzymes less frequently and fewer episodes of HBeAg loss than

those whose mothers are negative. It is well established that having

a highly elevated serum ALT level during the immune-tolerant

phase of CHB infection is a factor leading to early HBeAg

seroconversion [39].

The only maternal serological study which reported the results

of a multivariable analysis [28] showed that the association with

maternal HBsAg observed in the univariable analysis was no

longer significant after controlling for maternal HBeAg. This

reflects the fact that maternal HBeAg is a stronger predictor of

perinatal transmission than maternal HBsAg. In fact, the risk of

perinatal transmission ranges from 10–20% in HBsAg-positive

mothers without HBeAg to 90% in mothers with positive HBeAg

[40]. Nevertheless, because HBeAg sero-clearance (loss of the

maker) occurs faster than HBsAg sero-clearance in chronically

infected persons (2–15% versus 1% per year) [15], misclassification

of maternal HBeAg status between when the index child was born

and when he/she entered the study is greater than misclassification

of maternal HBsAg status. Apart from 5 studies not reporting

when mothers were bled, all but one examined maternal sero-

status at the child’s study entry, which might have led to non-

differential misclassification of the exposure, resulting in underes-

timation of its association. The only study which investigated

prenatal maternal HBeAg [29], the best proxy for perinatal

transmission, was inconclusive because of a small sample size.

Recent evidence suggests that viral genotypes modify the

natural history of CHB infection. Certain genotypes are associated

with delayed HBeAg seroconversion [41] and also HCC risk [42].

Moreover, associations between certain viral genotypes and

mother-to-infant transmission have been reported [43]. For

example, Tseng et al. [28] found that genotype C was associated

with delayed HBeAg seroconversion after accounting for maternal

HBsAg and HBeAg status. The study also showed that maternal

HBeAg was associated with persistence of HBeAg after adjusting

for viral genotype.

Two Greek case-control studies of birth order demonstrated

that HCC cases are concentrated in higher birth orders, suggesting

that later-born children who might have been exposed to HBV at

a young age through their older siblings have a higher risk of

developing HCC than early-born children. However this finding

was not confirmed in three subsequent Chinese birth order studies

which applied the Greenwood-Yule methods. Furthermore, one

Taiwanese study showed that HBeAg was more prevalent in

earlier birth orders although the evidence was weak [34]. These

heterogeneities can be understood in terms of geographic

differences in the main mode of transmission. In East Asia,

perinatal infection through vertical transmission is relatively

important compared to other parts of the world [12]. In such

places, first-born children have a higher chance of having been

born to a HBeAg-positive mother than later-born children,

because young mothers with positive-HBeAg will clear it with

increasing age [15]. Consequently, early-born children have a

higher chance of having been infected earlier from their mother

than later-born children. In contrast, in Mediterranean countries

where children are horizontally infected through other children

with positive-HBeAg [11], birth order acts as an indicator for

number of older siblings, and later-born children have an

increased chance of being exposed to HBV at an early age

through infectious older siblings than early-born children.

Perinatal transmission also occurs in Greece but is much less

common than in China. This could explain the results of the first

Greek study where people born as the second child have lower

odds of HCC than the first birth rank (OR 0.5), with the odds

increased for higher birth orders.

The funnel plot and Egger’s test suggest the presence of

publication bias in the studies assessing the association between

maternal sero-marker and persistence/presence of HBeAg. In

general, observational studies are more vulnerable to publication

bias than randomized trials. Epidemiological studies are often

conducted retrospectively by analysing existing databases, and

unless published, this kind of study is hard to trace. In addition,

often only statistically significant variables are reported [19].

Although we were unable to assess the publication bias in the birth

order studies due to the small number of studies included, these

studies are prone to selective reporting bias because birth order is

easily obtained by interview without additional cost.

Although a robust conclusion cannot be drawn due to the

potential role of publication bias and the heterogeneity of studies

included in the review, this systematic review supports the

hypothesis that earlier age at HBV infection is associated with

an increased risk of HCC through persistence of viral replication.

This review has highlighted some issues in interpreting this

association. Studies using maternal HBsAg are only informative

when prenatal maternal HBeAg status is available in the study

population. The relationships between surrogate markers of

disease endpoints, such as viral load and/or HBeAg, are now so

clear that they can be used to shorten the time period over which

the association is observed. Finally, confounding factors such as

viral genotype should be appropriately controlled in the analyses.

The implications of the effect of early age at infection on the

prevention of cirrhosis and primary liver cancer are twofold. First

it means that the impact of hepatitis B vaccination on raising the

Figure 3. Funnel plot for studies investigating the relation
between maternal sero-marker and the persistence/presence
of HBeAg.
doi:10.1371/journal.pone.0069430.g003
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average age at infection will not simply be in reducing the

prevalence of chronic infection but also in reducing the adverse

effects of that chronic infection in those acquiring it at an older

age. Second it adds emphasis to the critical importance of

interrupting perinatal transmission – as reflected in the WHO

recommendation for a birth dose within 24 hours of birth in all

countries [44].
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