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Abstract: Background: Conflicting results have been reported by studies assessing parity as a risk factor for hepato-
biliary neoplasm. Methods: We conducted a meta-analysis of available epidemiologic studies to investigate the as-
sociation of parity with hepatobiliary neoplasm and calculated dose-response trends using a linear model. Between-
study heterogeneity was evaluated using Cochran’s Q statistic and the I2 index. Random effects meta-analysis was 
used to assess the summary relative risk (RR) per child and the 95% confidence interval (CI). Results: Eleven eligible 
studies including 2021 cases provided data for the meta-analysis. The summary RR of hepatobiliary neoplasm for 
the highest versus lowest parity number was 2.207 (95% CI = 1.397-3.488), with statistically significant heteroge-
neity (Q = 95.84, P = 0.000, I2 = 82.3%). The summary RR of hepatobiliary neoplasm for parous versus nulliparous 
cases was 1.37 (95% CI = 1.159-1.624, I2 = 43.8%, P = 0.001). The combined RR of hepatobiliary neoplasm for per 
live birth was 1.118 (95% CI = 1.032-1.211, I2 = 77.0%, P = 0.000). We observed a positive association between 
giving birth to five or more children and hepatobiliary neoplasm risk, with an RR of 2.24 (95% CI = 1.472-3.411, I2 
= 55.6%, P = 0.005). Among the parity numbers considered, five or more was associated with the highest risk of 
hepatobiliary neoplasm. Elucidating the mechanism underlying this positive association requires further detailed 
investigation.
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Introduction

Hepatobiliary cancers are highly lethal cancers 
that comprise a spectrum of invasive carcino-
mas originating as liver hepatocellular carcino-
ma, bile duct intrahepatic cholangiocarcinoma, 
and extrahepatic cholangiocarcinoma in the 
gallbladder and the ampulla of Vater (collective-
ly known as biliary tract cancers). These tumors 
account for approximately 13% of all annual 
cancer-related deaths worldwide and for 10%-
20% of deaths from hepatobiliary malignancies 
[1]. Hepatocellular carcinoma (HCC) is an 
aggressive malignancy that ranks as the fifth 
most common cancer and the third leading 
cause of cancer-related mortality worldwide. 
HCC exhibits substantial geographic variation 
within each country [2]. Known risk factors for 
HCC include gender, liver cirrhosis [3], hepatitis 
B (HBV) or hepatitis C infection, aflatoxin B 
exposure, alcohol drinking, and cigarette smok-

ing. Prospective epidemiological studies have 
shown a multiplicative interaction between HBV 
and aflatoxins in terms of HCC risk [4]. Biliary 
tract cancers are rare but highly fatal; these 
cancers include tumors of the gallbladder, 
extrahepatic bile ducts, and the ampulla of 
Vater [6]. Biliary tract cancers have notable eth-
nic and geographic variations [5]. The incidence 
and mortality rates of biliary tract cancers are 
relatively high in several central European coun-
tries and very high in Northern India, as well as 
in Chilean Mapuche and American Indian popu-
lations. Except for a strong association with 
chronic cholecystitis and cholelithiasis, little is 
known about the etiology of biliary tract can-
cers [6]. Several studies have investigated a 
possible link between parity and biliary tract 
cancers or liver cancers using a small sample 
size. However, these studies reported inconsis-
tent results; some revealed an increased risk of 
biliary tract cancers and liver cancers, whereas 
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others found no association. Here we conduct-
ed a meta-analysis (including a dose-response 
study) of available epidemiologic studies to 
accurately evaluate the association of parity 
with risk of biliary tract cancers and liver 
cancers.

Methods

Literature search and eligibility criteria

We performed a comprehensive literature 
search of the PubMed and Embase databases 
from the inception of this study to June 2015. 
We targeted studies that investigated the rela-
tionship between parity (defined as the total 
number of live births) and the risk of biliary 
tract cancers and liver cancers. To identify 
related studies on parity, we used the following 
keywords: “parity”, “pregnancy”, “live birth”, 
“reproductive”, or “reproductive factors”; “liver”, 
“hepatocellular”, “hepatoma”, “hepatic”, “gall-
bladder”, “bile duct” or “biliary”; “cancer”, “neo-
plasm”, “carcinoma” or “tumor” and “case-con-
trol studies”, “case-control”, “cohort studies” or 
“cohort”. Articles in any language were consid-
ered in the search. Reference lists of the select-
ed papers were also scanned for other perti-
nent articles. When necessary, we attempted 
to contact the authors to ask for additional 
information. Published studies were included if 
they 1) used a prospective study design; 2) 
evaluated the association between parity and 
hepatobiliary neoplasm risk; 3) presented rela-
tive risk (RR) or hazard ratio (HR) estimates 
with 95% confidence intervals (CI), standard 
errors (SE) or data necessary to calculate 
these. When multiple publications from the 
same study were available, we used the publi-
cation with the largest number of cases and 
most applicable information. We excluded non-
human, case reports, comparative studies not 
using an analytical epidemiologic design, or 
studies not reporting analyses of primary data 
(e.g., letters, editorials, narrative reviews) and 
not providing sufficient data. When multiple 
studies pertained to the same or partially over-
lapping populations, we used the result with 
the longest follow-up time or the largest sample 
size.

Data extraction

For each eligible study, two investigators (ZFG 
and HCZ) independently performed the eligibil-

ity evaluation, data abstraction, and quality 
assessment. Any disagreements were dis-
cussed and resolved by consensus. Further 
data were extracted from each eligible study. 
These included the first author, year of publica-
tion, geographic region, duration of follow-up or 
study period, origin of the study population, size 
of the study population, study design, study-
specific adjusted estimates with their 95% CIs 
for the ever parous versus nulliparous, highest 
versus lowest number (including nulliparous) of 
parity, adjusted-RR estimates, 95% CI for inci-
dent hepatobiliary neoplasm risk, and con-
founding variables controlled. If multiple esti-
mates of the association were available, we 
chose the one that exhibited the greatest 
degree of control of potential confounders. If 
no adjusted estimates were presented, we 
included the crude estimate. If no estimate was 
presented in a given study, we calculated it and 
its 95% CI using the raw data presented in the 
article. The individual authors were contacted 
via e-mail if the data of interest were not pro-
vided in the publications.

Statistical analysis

Since the absolute risk of hepatobiliary neo-
plasm is low in humans, the ORs and HRs were 
considered equivalent to RRs: and we therefore 
report all results as the RR for simplicity. To 
control confounding factors to the greatest 
extent, we extracted the maximally adjusted 
RRs (95% CI).

We first evaluated the overall effect of parous 
compared with nulliparous, if the study consid-
ered nulliparous as reference, we summed up 
all the parous categories (number of parity >0) 
as ever parity in each study together and treat-
ed these different categories as different 
reports. For those studies considering the num-
ber of parity of 0 or 1 as reference, we further 
assessed the effects of different numbers of 
parity. We first divided the number of parity into 
three groups (<2, 2-5, ≥5) based on the pre-
analysis of the data structure across these eli-
gible articles, and then combined the corre-
sponding data into each group separately. We 
pooled the RRs for the overall effects of parous 
and respective effects of different groups in a 
random effects model, which was previously 
described by DerSimonian and Laird [36] and 
which takes into account both within- and 
between-study variabilities.
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We quantified the extent of heterogeneity using 
the Q-test [37] and the I2 score [38]. We con-
ducted a meta-regression analysis and sub-
group analyses to explore the source of hetero-
geneity. Subgroup analyses were performed, if 
feasible, based on study design, geographic 
region, and number of cases. Sensitivity analy-
sis was also performed to assess the influence 
of each individual report on overall estimates 
by sequential removal of individual studies. 
Funnel plots and Egger’s test [39] were applied 
to examine the publication bias. All statistical 
analyses were conductedusing Stata (version 
11.0), the sensitivity and funnel plots, Egger’s 
test were carried by meta section in stata soft-
ware. The power of our meta-analysis was cal-
culated using PowerV3.0 (http://www.mds.
qmw.ac.uk/statgen/dcurtis/software.html).

Results

Study characteristics

Using our search strategy, we identified 215 
articles and excluded 189 of them after review-
ing their title or abstract. Among the articlesex-
cluded after reviewing the abstract, 18 were 
reviews and editorials, 51 were nonhuman 
studies, and 120 lacked focus on parity and 
hepatobiliary neoplasm risk. A total of 26 full-
text articles were reviewed, of which 3 were 
excluded because of insufficient data [23-25]. 
In addition, 3 articles were removed for focus-
ing on the pregnancy number and not on the 
parity number [30-32], and 4 studies were 
removed for using mortality or survival data 
[26-29]. Finally, 1 cohort study [6] and 15 case-

Figure 1. Flowchart of study selection 
procedure of this meta-analysis.
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Table 1. Characteristics of eligible studies included in this meta-analysis of parity and hepatobiliary 
neoplasm risk

Author  
(Publication year)

Design 
and Study 

name
Country

Study period 
(follow-up 

years)

N 
(case)

No. of par-
ticipants/
controls

Parity OR (95% CI) Factors investigated

Anastasia (1992) HCC Greece 1976-1984 19 51 0 0.42 (0.04-4.03) No

1-2 Reference

3-4 1.25 (0.34-4.63)

5+ 2.86 (0.69-11.84)

Janet L (1991) HCC China 1979-1986 83 596 0 0.7 (0.3-2) Age, center and year of 
interview1-2 ReferenceKenya

3-4 2.4 (1.1-5.1)
Philippin

5-6 2.6 (1.0-6.5)
Thailand 7+ 4.2 (1.5-11.4)

Ann W (1992) PCC USA 1985-1986 72 599 0 Reference Age at death, race and 
duration of oral contra-
ceptive use (0, 1-4, 5-9, 
5 = 10 years)

1 1.6 (0.6-4.2)

2 2.1 (0.9-4.8)

3 1.9 (0.8-4.7)

4-5 1.6 (0.5-4.5)

6+ 2.9 (0.8-11.2)

Carlo (1992) HCC Italy 1984-1991 79 344 0 Reference Age, education, alcohol 
consumption, history of 
hepatitis and oral contra-
ceptive use

1 2.1 (0.8-5.2)

2 2.6 (1.1-6.3)

3 3.2 (1.2-8.7)

4+ 3.5 (1.2-9.9)

Mats (1993) PCC Sweden 1925-1960 60 300 0 Reference Age 

1 1.01 (0.39-2.60)

2 0.52 (0.21-1.31)

3 0.55 (0.19-1.56)

4 1.01 (0.32-3.18)

5 2.35 (0.55-10.00)

Chyng (2009) Cohort Taiwan 1983-2000 202 1420784 1 Reference Age and HBsAg

2 0.68 (0.50-0.93)

3+ 0.63 (0.42-0.92)

Milena (2010) HCC Serbia 2004-2007 13 26 0-2 4.9 (1.1-21.2) No

2+ Reference

Lorelei (2001) HCC Greek 1995-1998 50 62 0 Reference Age, years of schooling, 
smoking status, alcohol 
consumption1+ 1.17 (0.24-5.72)

M Pandey (2003) HCC India 2003 64 165 0 Reference No

3+ 3.9 (1.4-10.3)

G Andreotti (2010) PCC Shanghai 1985-1986 269 545 0 0.77 (0.20-2.99) Age, education and body 
mass index.1 Reference

2 1.15 (0.63-2.12)

3 1.60 (0.83-3.12)

4 2.20 (1.09-4.47)

5 2.20 (1.01-4.66)

≥6 1.70 (0.75-3.74)

G Andreotti (2010) PCC Shanghai 1985-1986 92 586 0 0.98 (0.23-4.25) Age, education and body 
mass index1 Reference

2

3

4

5 1 (0.46-2.20)

≥6 1.07 (0.46-2.50)

A Rehman (2011) HCC Pkistan 1988-2007 60 120 ≤5 0.61 (0.23-1.65) No

5+ 0.43 (0.14-1.34)
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control studies [7-11, 13-22] were found eligi-
ble for the meta-analysis, with a combined 
case number of 2021 (Figure 1). The character-
istics of the 16 included studies are shown in 
Table 1. 

Among these studies, six were conducted in 
Asia [8, 14-17, 22], eight in Europe [7, 10, 11, 
13, 14, 18, 20, 21], and two in America [9, 19]. 
The number of cases per study varied from 13 
to 586. Only 12 of the studies provided relative 
risk estimates adjusted for age (Table 1).

Highest versus lowest parity number

In total, 1 cohort study [12] and 15 case-con-
trol studies [6-11, 13-22] investigated the 
association between parity number and hepa-
tobiliary neoplasm risk. Six of the studies [9-11, 
15, 21, 22] referred to nulliparous individuals 
as the lowest category of parity number, where-
as three studies [12, 16, 17] referred to one live 
birth as the lowest parity number. The summa-
ry relative risk (RR) of hepatobiliary neoplasm 
for the highest versus lowest categories of par-
ity number was 2.207 (95% CI = 1.397-3.488), 
with significant heterogeneity (Q = 95.84, P = 

0.000, I2 = 82.3%; Figure 2). Results of Begg’s 
test (P = 0.038 for bias) revealed publication 
bias, and asymmetry was observed in the fun-
nel plots (data not shown). When the study by 
Fwu CW et al. [12] was removed, no bias was 
observed.

We performed, a sensitivity analysis, in which 
one study was removed at a time and the data 
was reanalyzed. The 18 study-specific RRs of 
the parity number ranged from 1.991 (95% CI = 
1.287-3.080, Q = 75.44, P = 0.000, I2 = 78.8%) 
after omission of the study by Dipanjanet et al. 
[16] to 2.454 (95% CI = 1.554-3.876, Q = 
88.82, P = 0.000, I2 = 82.0%) after omission of 
the study by Milena et al. [23].

Parous versus nulliparous cases

Only 12 studies reported the results for parous 
versus nulliparous individuals, with a total of 
48 reports. The summary multivariable-adjust-
ed RR (95% CI) of hepatobiliary neoplasm asso-
ciated with parity for parous versus nulliparous 
cases was 1.362 (95% CI = 1.144-1.623; 
Figure 3). This result indicated a positive asso-
ciation between parity and hepatobiliary neo-

Dipanjan (2013) HCC Indian 2008-2009 122 122 ≤3 Reference No

>3 9.06 (4.10-20.35)

DeAretxabala (1995) HCC Chile 1994-1995 50 50 ≤5 Reference Age

>5 4.2 (1.5-12.8)

Tavani (1996) HCC Italy 1984-1993 31 377 0 Reference Age and cholelithiasis

1-2 0.8 (0.3-2.3)

3 2.0 (0.6-6.9)

>1 1.3 (0.5-3.4)

>4 2.9 (0.9-9.6)

Mats (1993) CC Sweden 1925-1960 257 1285 0 Reference Age through conditional  
logistic regression1 1.12 (0.68-1.84)

2 1.42 (0.92-2.18)

3 0.97 (0.59-1.59)

4 1.51 (0.85-2.70)

5 2.00 (0.87-4.62)

6+ 3.00 (1.13-7.99)

Mats (1993) PCC Sweden 1958-1984 133 665 0 Reference Age, and mutually for 
number of births and age 
at first birth

1 0.55 (0.30-1.03)

2 0.59 (0.35-0.99)

3 0.77 (0.43-1.37)

4 0.49 (0.19-1.29)

5 1.21 (0.30-4.96)

6+ 0.66 (0.08-5.90)

Lifang Hou (2005) PCC Shanghai 1997-2002 179 493 ≤3 Reference Age at interview and 
gender>3 1.49 (1.03-2. 15)

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; HT, hormone replacement treatment; PCC, population-based case-control; HCC, hospital-
based case-control.
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plasm risk. Significant between-study heteroge-
neity was observed among studies (P = 0.001, 
I2 = 79.5%). The 48 report-specific RRs of 
parous versus nulliparous cases ranged from 
1.331 (95% CI = 1.12-1.583) after omission of 
the report by Pandey et al. [15] to 1.495 (95% 
CI = 1.308-1.708) after omission of the report 
by Mats et al. [11]. For the sample size of the 
present meta-analysis, the power to detect an 
RR of 1.362 was more than 95%. 

Different parity numbers

The effects of different parity numbers on hep-
atobiliary neoplasm risk are presented in Table 
2. To explore the effects of different parity num-
bers, we divided the cases into three groups on 
the basis of parity number; studies that consid-
ered a parity number of 0 or 1 were also includ-
ed as references. A total of 18 reports were 
assigned to the first group (parity number, 0-2), 
and the summary multivariable-adjusted RR 
(95% CI) of hepatobiliary neoplasm associated 

with 0-2 parity number versus 0 or 1 parity 
number was 0.988 (95% CI = 0.784-1.246) 
with I2 = 43.4% (Ph = 0.026). The second group 
(3-4 parity number) contained 15 articles, and 
our analysis yielded, a combined risk estimate 
of 1.241 (95% CI = 1.015-1.518), with I2 = 
39.3% (Ph = 0.035). The 15 articles in the third 
group (≥5 parity number) yielded a combined 
risk estimate of 2.021 (95% CI = 1.529-2.670), 
with I2 = 28.5% (Ph = 0.144; Figure 4). Sensitivity 
analysis revealed that the pooled RRs for the 
first and second groups were similar before and 
after elimination of the individual reports. In 
the third group, the 15 report-specific RRs 
ranged from 1.841 (95% CI = 1.358-2.498) 
after omission of the report by Stanford JL [8] 
to 2.448 (95% CI = 1.816-3.299) after omis-
sion of the report by Andreotti et al. [16].

Dose-response meta-analysis

The dose-response analysis of parity number 
and hepatobiliary neoplasm risk involved 16 

Figure 2. Forest plot of the highest parity number and hepatobiliary neoplasm risk.
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studies. We did not find a linear association 
between parity number and hepatobiliary neo-
plasm risk (P = 0.33 for nonlinearity, I2 = 25%, 
Ph = 0.05). The combined relative risk of hepato- 
biliary neoplasm per live birth was 1.118 (95% 
CI = 1.032-1.211, I2 = 77.0%, P = 0.000; Figure 
5). 

Subgroup analysis 

In the subgroup analysis of parous versus nul-
liparous cases, significant positive effects of 

parous cases on hepatobiliary neoplasm risk 
were observed in articles published before 
2000 (RR = 3.657, 95% CI = 2.517-5.315, I2 = 
70.7%, Ph = 0.000), articles with less than 100 
cases (RR = 2.961, 95% CI = 1.709-5.132, I2 = 
53.1%, Ph = 0.024), and articles on American 
populations (RR = 3.625, 95% CI = 1.577-
8.330, I2 = 0%, Ph = 0.669) (Table 2), articles of 
hepatocellular carcinoma (RR = 1.556, 95% CI 
= 1.126-2.149, I2 = 58.7%, Ph = 0.007) (Table 
3). In the subgroup analysis of the effects of dif-

Figure 3. Forest plot of parous and hepatobiliary neoplasm risk.
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Table 2. Summary risk estimates of the association between parity number and hepatobiliary neoplasm
0-2 3-4 >5

No. of 
reports RR (95% CI) P I2 Ph* No. of 

reports RR (95% CI) P I2 Ph* No. of 
reports RR (95% CI) P I2 Ph*

Overall 18 0.988 (0.784-1.246) 0.918 43.4 0.026 15 1.241 (1.015-1.518) 0.035 39.3 0.059 15 2.021 (1.529-2.670) 0.000 28.5 0.144

Subgroup analysis

    Number of cases

        <100 7 1.459 (0.947-2.248) 0.087 23.3 0.251 5 2.179 (1.408-3.371) 0.000 0.0 0.837 6 1.459 (0.947-2.248) 0.000 0.0 0.944

        >100 11 0.854 (0.679-1.075) 0.179 32.5 0.139 10 1.067 (0.851-1.338) 0.575 33.5 0.140 9 0.854 (0.679-1.075) 0.013 28.6 0.190

    Location

        Asian 6 0.781 (0.612-0.996) 0.046 0.0 0.722 5 1.558 (1.103-2.199) 0.012 37.3 0.172 6 1.742 (0.955-3.178) 0.07 58.7 0.024

        Europe 10 0.980 (0.690-1.390) 0.908 55.1 0.018 9 1.055 (0.815-1.365) 0.685 36.5 0.126 7 2.089 (1.281-3.408) 0.003 0.0 0.787

        America 2 1.871 (0.992-3.528) 0.053 0.0 0.678 1 1.900 (0.784-4.605) 0.155 - - 2 3.625 (1.577-8.330) 0.002 0.0 0.669

    Publication period

        <2000 year 13 1.046 (0.770-1.421) 0.772 50.8 0.018 11 1.188 (0.939-1.503) 0.151 43.6 0.060 10 2.611 (1.822-3.741) 0.000 0.0 0.847

        >2000 year 5 0.787 (0.612-1.012) 0.083 0.0 0.592 4 1.396 (0.949-2.054) 0.090 38.2 0.183 5 1.320 (0.632-2.758) 0.460 59.3 0.043
*P value for heterogeneity. Abbreviations: OR, odds ratio; CI, confidence interval.
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ferent parity numbers (0-2, 3-4, and ≥5 parity 
number) on hepatobiliary neoplasm risk, most 
of the effects were still positive in most strata 
of the second and third groups. Upon further 
stratified analysis on the basis of publication 
period, case number, and study location, the 
RR values invariably increased with the increase 
in parity number in various regions. For exam-
ple, in the subgroup analysis of effects on Asian 
populations, the summary RR of 0-2 parity 
number was 0.781 (95% CI = 0.612-0.996, I2 = 
0%, P = 0.722), 3-4 parity number was 1.558 
(95% CI = 1.103-2.199, I2 = 37.3%, P = 0.172), 
and ≥5 parity number was 1.742 (95% CI = 
0.955-3.178, I2 = 58.7%, P = 0.024) (Table 2).

Publication bias 

The result of Egger’s test did provide evidence 
of substantial publication bias for parous ver-
sus nulliparous cases (P = 0.116), as well as 
among the first (P = 0.385), second (P = 0.910), 
and third (P = 0.901) groups. The Begg’s funnel 

plot of parous versus nulliparous cases is 
presented in Figure 6.

Discussion

We systematically reviewed 1 cohort and 15 
case-control studies, which included 2021 
cases on the association between the number 
of parity and the risk of liver and biliary tract 
cancers. An association between endogenous 
estrogen levels and risk for hepatobiliary neo-
plasm has been only indirectly investigated to 
date [33]. Several case-control studies that 
were conducted both in developed and devel-
oping countries have reported a positive asso-
ciation between hepatobiliary neoplasm risk 
and parity number. The current meta-analysis 
indicated that parous cases were more posi-
tively associated with hepatobiliary neoplasm 
risk compared with nulliparous cases. Among 
the parity numbers considered, five or more 
had the highest risk of hepatobiliary neoplasm. 
We did not observe a nonlinear or linear rela-

Figure 4. Forest plot of giving birth to ≥5 children and hepatobiliary neoplasm risk.
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tionship between parity number and hepatobili-
ary neoplasm risk. To the best of our knowl-
edge, this meta-analysis is the first to evaluate 
in detail the effects of different parity numbers 
on hepatobiliary neoplasm risk. Our meta-
regression analysis revealed that the number 
of cases might be the major source of between-
study heterogeneity. We further performed a 
subgroup analysis on the basis of publication 
period, study location, and case number. The 
between-study heterogeneity was largely 
removed when the cases were stratified on the 
basis of publication period. This indicated that 
publication period mainly contributed to the 

heterogeneity. In the subgroup analysis of par-
ous versus nulliparous cases, significant stimu-
latory effects of parity on hepatobiliary neo-
plasm were identified in articles published 
before 2000, articles with less than 100 cases, 
articles involving patients with liver cancer, and 
articles on American populations. The effects 
on Asian populations were more significant 
than those on European populations. However, 
the results should be interpreted with caution 
because only a small number of studies (i.e., 
two) from North America were included. 
Subgroup analysis of different parity numbers 
revealed that giving birth to ≥5 children had the 

Figure 5. Forest plot of parity number (per 1 live birth) and hepatobiliary neoplasm risk.

Table 3. Summary risk estimates of the association between parity number and hepatobiliary neo-
plasm

Highest Ever

No. of 
reports RR (95% CI) P I2 Ph* No. of 

reports RR (95% CI) P I2 Ph*

Overall 18 2.207 (1.397-3.488) 0.000 95.84 0.001 44 1.362 (1.144-1.623) 0.001 45.90 0.001

Hepatocellular carcinoma 8 1.639 (0.661-4.062) 0.000 43.89 0.286 21 1.556 (1.126-2.149) 0 58.7 0.007

Biliary tract cancers 10 2.637 (1.513-4.595) 0.000 48.8 0.001 23 1.278 (1.094-1.492) 0.096 29 0.002
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most positive association with hepatobiliary 
neoplasm risk in the previously mentioned sub-
groups. The sample size of articles published 
before 2000 was smaller than that of articles 
published on or after 2000. Most studies on 
liver cancer also had smaller sample sizes than 
those on biliary tract cancers. Therefore, our 
detection of significant positive associations 
might be attributed to the dramatically 
increased statistical power of the combined 
small sample size. In a further stratified analy-
sis on the basis of publication period, case 
number, and study location, the RR values 
invariably increased with increase in parity 
number in various regions. In addition, the 
underlying mechanisms of the geographic vari-
ation of the effects of parity on hepatobiliary 
neoplasm risk are largely unknown and require 
further investigation.

Race, region, publication period, and research 
methods may have contributed to the observed 
inconsistency, in results reported by the arti-
cles. To address this issue, a study with a ran-
domized large sample of multiple centers in dif-
ferent regions is necessary. Liver cancer rates 
in Europe are relatively lower than those in 
Asia. To date, the main risk factors for HCC are 
HBV infection, HCV infection, and liver cirrhosis. 
Other factors include male gender, age, smok-
ing, alcohol intake, and aflatoxin intake, as well 
as metabolic factors such as a family history of 
obesity and diabetes, among others. Parity 
number is an independent factor but not the 
main factor. Estrogen can inhibit the occur-
rence and development of hepatocellular carci-

mote tumor growth and tumorigenesis. This 
phenomenon is a good example of the compli-
cated relationships between several factors. 
Data on gallbladder cancer are similarly consis-
tent. Only three related studies on bile duct 
cancer were found because of the very low inci-
dence of this type of cancer, and the results of 
these studies are paradoxical. A study with a 
randomized large sample of multiple centers is 
warranted in Asia, especially in China, because 
of the high incidence of hepatobiliary neoplasm 
in the area.

Our meta-analysis indicated that parous 
women have higher risk of hepatobiliary neo-
plasm compared with nulliparous women. 
Parous women are also likely to have had lon-
ger periods of exposure to high levels of circu-
lating estrogens. 

Our meta-analysis has several strengths. First, 
we included one cohort study and 15 case-con-
trol studies, which provided us with significant 
statistical power to detect potential associa-
tion. The majority of the included studies 
showed positive association between parity 
and hepatobiliary neoplasm risk, but not all of 
them showed statistical significance, which can 
be attributed to the limits of the statistical 
power of our study. This study had a large sam-
ple size of 2021 cases and 1 427 358 non-cas-
es. Which should have provided sufficient sta-
tistical power to detect any putative association. 
In addition, although the summary results dem-
onstrated heterogeneity, we also conducted a 
number of subgroup and sensitivity analyses; 

Figure 6. Beeg’s funnel plot of parous versus nulliparous.

noma, obesity, insulin resis-
tance, and liver burden, but 
its increase during pregnancy 
may elevate the risk of liver 
cancer. Some studies have 
indicated that the level of 
growth-stimulating factor in- 
creases significantly in preg-
nant women [34]. Compared 
with tumors in non-pregnant 
patients, tumors in pregnant 
patients often grow faster 
and are easier to metasta-
size, leading to poorer progno-
sis. Growth factors are closely 
related to tumor differentia-
tion, invasion, growth, angio-
genesis, and metastasis [35]. 
Thus, these factors may pro-
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whose results were found to be robust. Second, 
we separately combined the different parity 
numbers instead of using the highest versus 
the lowest parity number to control misclassifi-
cation. Third, we applied the model to adjust for 
the most established risk factors, which con-
trolled for most of the confounding infor- 
mation. 

Despite these advantages, we acknowledge 
some limitations. First, we did not have access 
to the primary data from the studies included in 
this meta-analysis; As a result we could not per-
form additional adjustments for potential 
important covariates. Second, a relatively wide 
range of values was identified as cut-off for the 
highest parity number; Thus, we could not 
accurately assign an exposure value to the 
open-ended category, which might have affect-
ed the outcome of our analysis. Third, as a 
meta-analysis of epidemiologic studies, the 
biases (e.g., recall and selection bias) inherent 
in the original studies (e.g., recall and selection 
bias) could not be avoided. Cohort studies are 
less susceptible to bias than case-control stud-
ies because information on exposures is col-
lected before disease diagnosis in a prospec-
tive design. The results of the meta-regression 
revealed significant heterogeneity between the 
highest and the lowest subgroups by publica-
tion period, among dose-response subgroups 
by case number, and among dose-response 
subgroups by adjustment for age or otherwise 
(Table 2). In addition, the relationships report-
ed by the case-control studies might have been 
overstated because of recall or interviewer 
bias. Publication bias is a known problem 
affecting meta-analyses of published studies. 
Indeed publication biases were detected in our 
study, suggesting that the entire pooled result 
may be biased. 

In conclusion, the current meta-analysis indi-
cates that parity number is more positively cor-
related with hepatobiliary neoplasm risk as 
compared with nulliparous cases. In addition, 
among the parity numbers considered, ≥5 has 
the highest hepatobiliary neoplasm risk. 
Elucidation of the exact mechanism underlying 
this protective effect still requires further 
investigation.
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