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Abstract

Background: In India, as elsewhere, the incidence of gall-bladder cancer (GBC) is
substantially higher in women than in men. Yet, the relevance of reproductive factors to
GBC remains poorly understood.

Methods: We used logistic regression adjusted for age, education and area to examine
associations between reproductive factors and GBC risk, using 790 cases of histologically
confirmed GBC and group-matched 1726 visitor controls. We tested the interaction of
these associations by genetic variants known to increase the risk of GBC.

Results: Parity was strongly positively associated with GBC risk: each additional
pregnancy was associated with an ~25% higher risk {odds ratio [OR] 1.26 [95%
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confidence interval (95% Cl) 1.17-1.371}. After controlling for parity, GBC risk was weakly
positively associated with later age of menarche [postmenopausal women, OR 1.11 (95%
Cl 1.00-1.22) per year], earlier menopause [OR 1.03 (95% CI 1.00-1.06) per year] and
shorter reproductive lifespan [OR 1.04 (95% CI 1.01-1.07) per year], but there was little
evidence of an association with breastfeeding duration or years since last pregnancy.
Risk alleles of single-nucleotide polymorphisms in the ABCB4 and ABCB1 genetic
regions had a multiplicative effect on the association with parity, but did not interact with
other reproductive factors.

Conclusions: We observed higher GBC risk with higher parity and shorter reproductive

lifespan, suggesting an important role for reproductive and hormonal factors.

Key words: Gall-bladder cancer, pregnancy, breastfeeding, menarche, menopause, case—control

Key Messages

an ~25% higher risk.

benefit from screening.

¢ In this large case—control study among women in India, there was a strong linear association between risk of gall-
bladder cancer (GBC) and parity throughout the range examined (up to ~6 pregnancies—an analyses that would not
have been possible in populations with lower birth rates), with each additional full-term pregnancy associated with

* GBC risk was also associated with later menarche and earlier menopause, and as such shorter reproductive lifespan,
but there was little evidence of an association with breastfeeding duration or years since last pregnancy.

* The effect of parity on GBC risk was further explored by assessing the joint effects of parity and common genetic
variants known to confer higher risks of GBC. Risk alleles of single-nucleotide polymorphisms in the ABCB4 and
ABCB1 genetic regions were observed to interact in a multiplicative manner on the association with parity, indicating
a potential role for both reproductive and genetic factors in identifying those a particularly high risk of GBC who may

Background

In India, the incidence of gall-bladder cancer (GBC) is sub-
stantially higher in women than in men. In 2016, there
were 26 000 incident cases of GBC in India, of which
about two-thirds were in women; the incidence rate (age-
standardized to Global Burden of Disease Study global ref-
erence population) was 3.3 per 100 000 in women and 1.9
per 100 000 among men.' Substantial differences in inci-
dence between the sexes is also seen in other parts of the
world.? As such, it has been hypothesized that reproductive
and hormonal factors may have a causal role in GBC.
Some epidemiological studies evaluating the role of re-
productive factors on GBC have suggested that parity,
younger age at first birth and older age at menarche are as-
sociated with higher risk of GBC.>~” However, these stud-
ies have been mainly conducted in high-income countries
where parity is, on average, much lower than in low-
income or middle-income countries, and the determinants
of menarche and menopausal may be very different.
Furthermore, the interaction between reproductive factors
and genetics variants known to confer increased risk of

GBC in the ABCB4 and ABCB1 genetic regions that regu-
late hepatobiliary phospholipid transport [identified by
GBC genome-wide association studies (GWAS)'’]
been evaluated.

has not

We investigated the role of several reproductive factors
in the development of GBC among pre- and postmeno-
pausal women in a case—control study conducted in India.
The study also aimed to examine the interaction of repro-
ductive factors with GWAS-identified single-nucleotide
polymorphisms (SNPs). To our knowledge, this is largest
case—control study from a low-income country (where
both parity and the risk of GBC are high) to evaluate the
role of reproductive factors on the risk of GBC.

Methods
Study design and participants

Details of the study design have been described previ-
ously."" In brief, we conducted a case—control study at the
Tata Memorial Hospital (TMH), Mumbai, India, during
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the period 4 August 2015 to 17 May 2016 to investigate
lifestyle and genetic risk factors for GBC. Men and
women, aged >20years, with histologically confirmed
newly diagnosed GBC (ICD-O-3: site code C23) were en-
rolled as case subjects by trained social investigators. The
TMC is a tertiary-level, specialist cancer centre that
receives referrals from throughout India.

Visitors accompanying cancer patients at the TMH (for
any cancer site except hepatobiliary malignancy) were
recruited as control subjects; no single cancer site of the
patients accompanying controls accounted for more than
one-fifth of the total. Cases and controls were recruited si-
multaneously during the study period. The selection of
controls was frequency-matched to cases based on age, sex
and region of residence in India (north, north-east, west,
central and south) at the time of diagnosis; and there was
an approximately equal distribution between friends,
neighbours, spouses and other relatives.

Data collected via questionnaire included: age, sex, re-
gion of residence, education, alcohol consumption, to-
bacco (smoking and chewing), medical history, current
medication use and reproductive history (age at menarche,
number of pregnancies, induced and spontaneous abor-
tions, stillbirths, duration of breastfeeding with each child
and age at menopause). Measurements of height, weight,
waist and hip were also taken. For quality control, 10% of
participants were reinterviewed, and study coordinators
and data managers checked each questionnaire for implau-
sible responses.

Statistical analysis

Analyses were restricted to women and further excluded
those with missing or outlying values of key variables
(Supplementary Table S1, available as Supplementary data
at IJE online). We estimated odds ratios (ORs) and corre-
sponding 95% confidence intervals (CIs) for the associa-
tion of GBC with
unconditional logistic-regression models adjusted for age,

reproductive factors by fitting
education, region and menopausal status; further adjust-
ment was made, where appropriate, for parity (number of
full-term pregnancies) and total duration of breastfeeding
(the sum of the period of breastfeeding for all children
combined). Additional analyses were conducted by fitting
these models after stratifying on menopausal status.

In categorical analyses, reproductive factors were
grouped into the following categories: age at menarche
(<14, 14, 15, >16years), parity (0-2, 3, 4, >5), duration
of breastfeeding (<44, 44-<72, 72-<102, 102-<138,
>138 months), years since last pregnancy (0-7, 8-12, 13-
17, >18 years), age at menopause (3540, 41-45, 46-49,
>50years) and reproductive lifespan (<27, 27-30, 31-33,

>34 years; defined as age at menopause minus age at men-
arche). For comparison of categories, the variance of the
log odds in each group was calculated from the variances
and covariances of the log OR; this provides group-specific
CIs and appropriately attributes variance to all groups, in-
cluding the reference, and so allows ClIs to be used to com-
pare risks in any two groups.'” Women whose menstrual
periods had stopped either naturally or due to surgical in-
tervention or any other reasons for >12 months from the
date of enrolment were classified as postmenopausal.
Sensitivity analyses were conducted by further adjusting
for other potential confounding variables, including waist—
hip ratio and history of gallstones.

To evaluate the interaction between reproductive fac-
tors and known genetic risk factors for GBC, we fitted lo-
gistic-regression models of reproductive variables stratified
by common variants (AA allele vs AG/GG) of three SNPs:
two in the ABCB4 genetic region (rs1558375 and
rs4148808) and one in the ABCBI genetic region
(rs17209837). Analyses were adjusted for age, education,
region, menopausal status and eigenvalues. We compared
the difference in model deviance using a chi-squared test;
the interaction was considered as significant if the p-value
was <0.05. SAS software (v9.3) was used and graphs were
plotted using R software (v3.0).

Results

In total, 2513 women (790 cases and 1723 controls) were
recruited into the study. Of these, 217 were excluded be-
cause they had missing or outlying values for reproductive
factors, missing information on key covariates or were
ever-smokers, leaving 692 GBC and 1604 controls
(Supplementary Table S1, available as Supplementary data
at IJE online).

Among controls, the mean age was 45 (SD 10) years,
915 (57%) were premenopausal and 376 (23%) had re-
ceived <5 years of formal education. The mean age among
cases was 49 (10) years, 231 (33%) were premenopausal
and 338 (49%) had received <5 years of formal education.
One hundred and two (15%) of the cases and 194 (12%)
of the controls reported current tobacco chewing. Only
two women reported ever drinking alcohol, but no infor-
mation on alcohol consumption was available for 263
women. There was a substantially higher proportion of
cases with a self-reported history of gallstones [310 (45%)]
than controls [41 (3%)]. Almost all women reported one
or more pregnancy (94%) and >95% of these women
reported breastfeeding, although the parity and duration of
breastfeeding were higher among cases than controls

(Table 1).
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Table 1 Characteristics of women with gall-bladder cancer (cases) and controls included in main analyses, menopausal status at recruitment

Cases Controls
Premenopausal Postmenopausal All Premenopausal Postmenopausal All

Participants () 231 461 692 915 689 1604
Age (years) 39 (6) 54(7) 49 (10) 38(7) 54 (7) 45 (10)
Region of residence in India

North 113 (38%) 213 (35%) 326 (36%) 192 (17%) 161 (19%) 353 (18%)

North-east 70 (23%) 154 (25%) 224 (24%) 236 (21%) 149 (18%) 385 (19%)

South 1(0%) 1(0%) 2 (0%) 4(1%) 0(1%) 24 (1%)

West 26 (9%) 64 (10%) 90 (10%) 426 (37%) 313 (37%) 739 (37%)

Central 21 (7%) 29 (5%) 0(5%) 7 (4%) 6 (7%) 103 (5%)
Formal education completed

<Syears 89 (39%) 249 (54%) 338 (49%) 188 (21%) 188 (27%) 376 (23%)

>5 years 142 (47%) 212 (34%) 354 (39%) 727 (63%) 501 (60%) 1228 (62%)
Pregnancy-related factors

Ever pregnant 225 (97%) 459 (100%) 684 (99%) 862 (94%) 676 (98%) 1538 (96%)

Women who breastfed 224 (97%) 453 (98%) 677 (98%) 840 (92%) 647 (94%) 1487 (93%)

Parity 3.2(1.8) 4.4 (2.0) 4.0 (2.0) 2.4 (1.3) 3.1(1.6) 7 (1.5)

Duration breastfeeding, 5.8(3.8) 7.5 (4.5) 6.9 (4.3) 4.2(3.2) 5.3 (4.0) 7(3.6)

years®

Years since last pregnancy 12 (7) 24 (8) 0(9) 13 (7) 25(8) 18 (10)
Age at menarche (years) 14.0 (1.3) 14.2 (1.6) 14.1 (1.5) 13.8 (1.5) 14.0 (1.5) 13.9(1.5)
Age at menopause (years) - 45.2 (4.8) 45.2 (4.8) 45.5 (5.1) 45.5(5.1)
Waist—hip ratio® 0.86 (0.07) 0.88 (0.08) 0.87 (0.08) 0.83(0.09) 0.85(0.08) 0.84 (0.09)
History of gallstones®

No 127 (55%) 252 (55%) 379 (55%) 896 (98%) 658 (96%) 1554 (97%)

Yes 102 (34%) 208 (34%) 310 (34%) 4(1%) 27 (3%) 41 (2%)

Values are N (%) or mean (SD). Analyses exclude those with missing or outlying values for reproductive factors or key covariates, and those who were current or ex-smokers. Two women reported ever drinking alcohol

(263 had missing data on alcohol consumption).
?All children combined.

"Information on waist-hip ratio missing for 35 women and on gallstone history for 12 women.
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Parity was strongly positively associated with risk of
GBC after adjusting for age, education, region and meno-
pausal status, and was not materially changed by further
adjustment for total duration of breastfeeding (Figure 1
and Supplementary Table S2, available as Supplementary
data at IJE online). The association was approximately
log-linear, with each additional pregnancy associated with
an ~25% higher risk of GBC [OR 1.26 (95% CI 1.17-
1.37)]. There was no evidence of threshold even at high
parity: six full-term pregnancies were associated with

Parity
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about three times the risk of GBC as two pregnancies. The
association persisted even after adjustment for gallstones,
and waist and hip circumferences (Supplementary Table
S2, available as Supplementary data at IJE online).

Total duration of breastfeeding was also positively asso-
ciated with GBC, but the association was
completely attenuated following adjustment for full-term
pregnancies [OR per year of breastfeeding 1.01 (95% CI
0.98-1.04)]. Similarly, the inverse association of GBC with
years since last pregnancy was also largely attenuated

almost
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Odds ratios (OR) adjusted for age, education, region, and menopausal status, with additional adjustments where indicated.
Conventions and exclusions as in table 1. For each category, area of the square is inversely proportional to the variance of the
category-specific log odds ratio, which also determines the confidence interval (Cl). Linear association given on each plot.

Figure 1 Association of gall-bladder-cancer risk with parity, duration of breastfeeding and years since last pregnancy
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following adjustment for full-term pregnancies [OR per
year since last pregnancy 0.99 (95% CI 0.97-1.01)]. There
was no evidence that the strength of the linear associations
of GBC with any of the pregnancy-related factors differed
by menopausal status (Figure 2).

By contrast, the association of GBC with age at menar-
che differed by menopausal status (Figure 3). Among post-
menopausal women, there was a positive log-linear
association of GBC with age at menarche [OR per year
older age at menarche 1.11 (95% CI 1.00-1.22)], whereas
in premenopausal women, there as a curvilinear associa-
tion with lower risks of GBC at the extremes of the distri-
bution of age at menarche. There was also evidence of a
higher risk of GBC at younger age of menopause [OR per
year younger 1.03 (95% CI 1.00-1.06)] and, as such, a
shorter reproductive lifespan was associated with a
higher risk of GBC [OR per year shorter 1.04 (95% CI

Risk factor Menopausal

status

Parity, number

(adjusted for breastfeeding) Pre-menopause

Post-menopause

All

Duration breastfeeding, years Pre-menopause

(adjusted for parity)

Post-menopause

All

Years since last pregnancy
(adjusted for parity)

Pre-menopause

Post-menopause

All

1.01-1.07)]; restricting these analyses to women with nat-
ural menopause did not materially change the strength of
these associations (Supplementary Figure S1, available as
Supplementary data at IJE online).

The joint effect of parity with SNPs in the ABCB4 and
ABCBI regions is shown in Figure 4 (see Supplementary
Figure S2, available as Supplementary data at IJE online
for plots on a linear scale). Homozygous alleles for SNPs
rs1558375, rs17209837 and rs418808 were associated
with a substantially higher risk of GBC, with OR for AA
allele vs AG/GG of 1.57 (95% CI 1.23-2.00), 1.84 (95%
CI 1.38-2.45) and 1.77 (95% CI 1.32-2.37), respectively.
There was a multiplicative effect of each of these SNPs on
the association with parity, such that women with AA al-
lele and in the highest parity category (with, on average,
approximately six pregnancies) had four times the risk of
those with AG/GG allele in the lowest pregnancy category
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225/846 1.00 (0.97 - 1.03)
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682/1510 0.99 (0.97 - 1.01)
Heterogeneity test: %, =0.8 (p=0.4)
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Odds ratios adjusted for age, education, region, and where appropriate, menopausal status, with additional adjustments where indicated.
Conventions and exclusions as in table 1. The area of each square is inversely proportional to the variance of the log odds ratio, which

also determines the confidence interval.

Figure 2 Association of gall-bladder-cancer risk with parity, duration of breastfeeding and years since last pregnancy by menopause status
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Figure 3 Association of gall-bladder-cancer risk with age at menarche, age at menopause and reproductive lifespan

(with, on average, approximately two pregnancies). In sen-
sitivity analyses (Supplementary Table S2, available as
Supplementary data at IJE online), there was no evidence
that any of the associations with reproductive factors were
materially changed by further adjustment for waist-hip ra-
tio or history of gallstones.

Discussion

In this large case—control study, we evaluated the relation-
ship between reproductive factors and GBC stratified by
menopausal status. Parity was found to be strongly associ-
ated with GBC in both pre- and postmenopausal women.
There was a log-linear association with each additional

birth associated with an ~25% higher GBC risk. After
controlling for parity, GBC risk among postmenopausal
women was weakly positively associated with later age of
menarche and earlier menopause, such that a shorter re-
productive lifespan was found to be associated with higher
risk, but there was little evidence of an association with to-
tal breastfeeding duration or years since last pregnancy.
Furthermore, risk alleles of SNPs in the ABCB4 and
ABCBI genetic regions were observed to interact in a mul-
tiplicative manner with the association with parity.

There are few other large-scale studies of the association
between parity and GBC risk. A large population-based
case—control study conducted in Sweden (878 cases and
8238 controls) found a strong positive association of parity


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab197#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab197#supplementary-data

796 International Journal of Epidemiology, 2022, Vol. 51, No. 3
rs1558375 rs17209837 rs4148808
8 4 8 - 8
o AA
= AG/GG
4 4 - 4 -
m ¥
5 . 5 . 5
e g il g
w o B wn
3 o e
2 24 2 2 - g 2
g 8 &
o “ [’}
E . 3 3
o I} o .
.. L
I
B
14 14 L ] 14 L
AA: OR 1.23 (1.12 - 1.36) per pregnancy AA: OR 1.26 (1.15 = 1.37) per pregnancy AA: OR 1.25 (1.14 - 1.36) per pregnancy
AGI/GG: OR 1.25 (1.11 - 1.41) per pregnancy AG/GG: OR 1.13 (0.95 - 1.34) per pregnancy AG/GG: OR 1.20 (1.01 - 1.43) per pregnancy
0.5 - Heterogeneity test: % = 0.0 (p=0.9) 05 Heterogeneity test: % = 1.2 (p=0.3) 0.5 Heterogeneity test: %y =0.1 (p=0.7)
T T T T T T T 1 T T T T T T T 1 T T T T T T T 1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Parity Parity Parity

Odds ratios (OR) adjusted for age, education, region, menopausal status, and eigenvalues. Conventions and exclusions as in table 1. For each category, area of the square is inversely proportional to
the variance of the category-specific log odds ratio, which also determines the confidence interval (Cl). Linear association given on each plot.

Figure 4 Association of gall-bladder-cancer risk with parity by genotype of single-nucleotide polymorphisms RS1558375, RS17209837 and

RS4148808

and GBC risk in postmenopausal, but not premenopausal,
women: postmenopausal women with three or more chil-
dren had greater than twice the risk [OR 2.34 (95% CI
1.87-2.93)] of uniparous postmenopausal women.® A pro-
spective study in Taiwan among 1.2 million parous women
found that the risk of GBC mortality (257 deaths) in-
creased by ~20% with each additional birth, although
there was substantial uncertainty about this estimate.” A
meta-analysis of prospective studies (including Asian and
non-Asian women) reported a positive association between
GBC and parity [hazard ratio per live birth 1.07 (95% CI
1.03-1.11)], albeit less steep than in the present report.®
Previous studies have also described positive associations
of GBC risk with duration of breastfeeding and inverse
associations with years since last pregnancy, but these
studies have tended to be small and have not stratified find-
ings by menopausal status or fully accounted for the corre-
lation between these factors and parity.>=>"13

The associations of GBC with parity are biologically plau-
sible and suggest a role for sex hormones in the aetiology of
GBC. During pregnancy, elevated oestrogen levels result in an
increase in the hepatic secretion of biliary cholesterol making
bile supersaturated with cholesterol and lithogenic.'*"*
Additionally, high levels of oestrogen and progesterone
inhibit gall-bladder smooth-muscle contraction leading to

gall-bladder stasis.'* These abnormalities promote the forma-
tion of biliary sludge and of gallstones during pregnancy,'?
and gallstones and the associated inflammation are consid-
ered one of the major pathways in the carcinogenesis of
GBC.'"® Mendelian-randomization approaches using large-
scale prospective studies with blood collected at baseline
(‘biobanks’) might be particularly useful in assessing the
causal pathways by which hormones may cause GBC. Several
large biobanks are currently recruiting participants in India.
We observed a multiplicative effect of each of the previ-
ously identified GWAS SNPs in the ABCB4 and ABCBI1
genetic regions on the associations between parity and risk
of GBC. These genes affect hepatobiliary phospholipids
transport and were identified in GWAS studies to be asso-
ciated with GBC.'® The ABCB4 gene has been associated

17220 and polymorphism in

with intrahepatic cholestasis
these SNPs are associated with changes in the composition
of bile, resulting in potent detergent and lithogenic proper-
ties.”! The multiplicative effect of these SNPs on the associ-
ations of GBC risk with parity indicates that these SNPs
might usefully identify multiparous women at particularly
high risk of GBC.

Results of previous studies on the association of breast-
feeding with gallstones, cholecystitis and GBC have been
equivocal. Breastfeeding has been associated with lower
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risk of gall-bladder disease in a large study of UK women
(The Million Women study) and in a population-based
study in China, Shanghai.”'? With respect to GBC specifi-
cally, breastfeeding was associated with a higher risk of
GBC in a South American Study”* but a lower risk in two
studies in East Asia.>” The present study found no evi-
dence of an association between breastfeeding and GBC
risk, after accounting for parity, but given the very high
proportion of women who breastfeed, it was not possible
to assess reliably the relation between breastfeeding and
not among parous women.

Consistently with some previous studies, we observed
weak associations among postmenopausal women
between a higher risk of GBC and later age at menarche
and earlier age of menopause (i.e. shorter reproductive life-
span).> %13 There was some evidence of effect modifica-
tion of the associations between GBC risk and age at
menarche by menopausal status, but the reasons for this re-
main unclear. In particular, residual confounding cannot
be excluded for the associations between reproductive life-
span and GBC risk, given the strength of these associations
in the present report and the rapid economic development
in India over the last few decades, which has been accom-
panied by marked changes in levels of both obesity and
socio-economic status that are known to affect the age of
menarche and age at menopause.*>**

The major strengths of this study include its size, the
identification of incident cases of GBC and the standard-
ized and detailed collection of data from trained field
staff. All cases were histologically confirmed and, as such,
misclassification of cancer types is unlikely. Furthermore,
studies in high-income countries, where the average parity
is substantially lower than in India, would not been able
to assess reliably the effect of high levels of parity on GBC
risk observed in the present study. It is a limitation of the
study that information on exposure was not collected
prior to disease occurrence to limit the effect of recall bias
and that details on confounders prior to disease onset and
at about the time of menarche and menopause (such as
socio-economic status and any changes in place of resi-
dence) were not available to limit the effects of residual
confounding; there was some evidence of slightly higher
proportions of cases than controls with missing data for
some variables (e.g. age and menarche and age at meno-
pause), although the total exclusions for missing data
were low. Also, the high rates of breastfeeding also meant
it was not possible to assess reliably the effects of breast-
feeding vs not breastfeeding among parous women in this
population.

We did not adjust for gallstone disease in the main
analyses as it is a potential mediator of the associations
between reproductive factors and GBC risk,” possibly

through the effects of oestrogen on biliary cholesterol satu-
ration."> The prevalence of gallstone disease in India
remains unclear, although a survey using ultrasound to di-
agnose gallstones in an area of northern India with high
rates of GBC reported a prevalence among the adult popu-
lation of ~6%.%° In analyses of mediators in the present re-
port (Supplementary Table S2, available as Supplementary
data at IJE online), there was no material change in the
risk estimates between reproductive factors and GBC risk
after adjustment for history of gallstones, but ideally the
assessment for prior gallstones would have included ultra-
sound screening of participants.

In conclusion, this is one of the largest studies to date to
examine the effects of reproductive factors on the risk of
GBC. We observed a strong positive association of GBC risk
with parity and weaker associations with shorter reproduc-
tive lifespan, suggesting an important role for reproductive
and hormonal factors in GBC. It is the first study to assess
the joint effects of common genetic variants, known to con-
fer higher risks of GBC, with parity. Given the multiplica-
tive effect of SNPs in ABCB4 and ABCB1 genetic regions
on the associations of GBC with parity, the present study
suggested that enhanced surveillance (such as by screening
with abdominal ultrasound) among multiparous parous
women with known genetic risk factors may be valuable in
addressing the high rates of GBC among women.

Supplementary data

Supplementary data are available at IJE online.

Ethics approval

Ethical approval was by the Institutional Review Board of Tata
Memorial Centre (TMH IRB Project Approval Number: 368).

Funding

The Tata Memorial Centre, Department of Biotechnology [DBT-
COE grant number BT/01CEIB/09/V/06]. B.L. acknowledges sup-
port from the UK Biobank, the National Institute for Health
Research Biomedical Research Centre (Oxford, UK) and the BHF
Centre of Research Excellence (Oxford, UK).

Data availability

The data underlying this article will be shared on reasonable request
to the corresponding author.

Acknowledgements

We thank the study participants, fieldworkers and data managers.


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab197#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab197#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab197#supplementary-data
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab197#supplementary-data

798

International Journal of Epidemiology, 2022, Vol. 51, No. 3

Author contributions

R.D. and S.M. directed the study. S.M. was responsible for field su-
pervision and M.G., S.P., V.O., P.P., S.V.S. and G.C. were responsi-
ble for data collection. S.M., B.L., P.S., R.D. and S.L. were
responsible for data analysis. S.M., B.L., P.S., R.D., S.L., N.C., P.R.
and R.B. were responsible for interpretation and reporting. S.M.,
B.L., S.L. and R.D. drafted the article, which was revised by all
authors. S.M. and B.L. contributed equally as first authors, and S.L.
and R.D. contributed equally as senior authors.

Conflict of interest

S.L. reports grants from the Medical Research Council (MRC)
and research funding from the US Centers for Disease Control
and Prevention Foundation (with support from Amgen) during the
conduct of the study. All other authors declare no competing

interests.
References
1. India  State-Level Disease Burden Initiative Cancer

Collaborators. The burden of cancers and their variations across
the states of India: the Global Burden of Disease Study 1990-
2016. Lancet Oncol 2018;19:1289-306.

2. BrayF, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer | Clin 2018;68:394-424.

3. Lambe M, Trichopoulos D, Hsiech CC, Ekbom A, Adami HO,
Pavia M. Parity and cancers of the gall bladder and the extrahe-
patic bile ducts. Int | Cancer 1993;54:941-44.

4. Pandey M, Shukla VK. Lifestyle, parity, menstrual and reproduc-
tive factors and risk of gallbladder cancer. Eur | Cancer Prev
2003;12:269-72.

5. Makiuchi T, Sobue T, Kitamura T et al. Reproductive factors
and gallbladder/bile duct cancer: a population-based cohort
study in Japan. Eur | Cancer Prev 2017;26:292-300.

6. Kilander C, Mattsson F, Lu Y, Ljung R, Lagergren J, Sadr-Azodi
O. Reproductive factors and risk of biliary tract cancer in a
population-based study. Acta Oncol 2015;54:1152-58.

7. Chan TF, Wu CH, Chiu HF, Yang CY. Parity and risk of death
from gallbladder cancer among a cohort of premenopausal par-
ous women in Taiwan. Int | Environ Res Public Health 2015;12:
1864-73.

8. Jackson SS, Adami HO, Andreotti G et al. Associations between
reproductive factors and biliary tract cancers in women from the
Biliary Tract Cancers Pooling Project. | Hepatol 2020;73:
863-72.

9. Andreotti G, Hou L, Gao YT et al. Reproductive factors and
risks of biliary tract cancers and stones: a population-based study
in Shanghai, China. Br | Cancer 2010;102:1185-89.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mhatre S, Wang Z, Nagrani R et al. Common genetic variation
and risk of gallbladder cancer in India: a case-control genome-
wide association study. Lancet Oncol 2017;18:535-44.

Mhatre SS, Nagrani RT, Budukh A ez al. Place of birth and risk
of gallbladder cancer in India. Indian | Cancer 2016;53:304-08.
Easton DF, Peto J, Babiker AG. Floating absolute risk: an alter-
native to relative risk in survival and case-control analysis avoid-
ing an arbitrary reference group. Stat Med 1991;10:1025-35.
Liu B, Beral V, Balkwill A; on behalf of the Million Women
Study Collaborators. Childbearing, breastfeeding, other repro-
ductive factors and the subsequent risk of hospitalization for
gallbladder disease. Int | Epidemiol 2009;38:312-18.

de Bari O, Wang TY, Liu M, Paik CN, Portincasa P, Wang DQ.
Cholesterol cholelithiasis in pregnant women: pathogenesis, pre-
vention and treatment. Ann Hepatol 2014;13:728-45.

. Ko CW, Beresford SA, Schulte SJ, Matsumoto AM, Lee SP.

Incidence, natural history, and risk factors for biliary sludge and
stones during pregnancy. Hepatology 2005;41:359-65.
Reshetnyak VI. Concept of the pathogenesis and treatment of
cholelithiasis. World ] Hepatol 2012;4:18-34.

Wasmuth HE, Glantz A, Keppeler H et al. Intrahepatic cholesta-
sis of pregnancy: the severe form is associated with common
variants of the hepatobiliary phospholipid transporter ABCB4
gene. Gut 2007;56:265-70.

Sticova E, Jirsa M. ABCB4 disease: many faces of one gene
deficiency. Ann Hepatol 2020;19:126-33.

Mullenbach R, Linton KJ, Wiltshire S et al. ABCB4 gene
sequence variation in women with intrahepatic cholestasis of
pregnancy. ] Med Genet 2003;40:e70.

Elderman JH, ter Borg PC, Dees ], Dees A. Pregnancy and
ABCB4 gene mutation: risk of recurrent cholelithiasis. BM] Case
Rep 20155 doi:10.1136/bcr-2014-206919.

Chiang JY. Bile acid metabolism and signaling. Compr Physiol
2013;3:1191-212.

Strom BL, Soloway RD, Rios-Dalenz JL et al. Risk factors for
gallbladder cancer: an international collaborative case-control
study. Cancer 1995;76:1747-56.

Zurawiecka M, Wronka I. Association between age at menarche
and body mass index, waist circumference, waist to hip ratio, and
waist to height ratio in adult women. Am | Hum Biol 2020;e23523.
James-Todd T, Tehranifar P, Rich-Edwards ], Titievsky L, Terry
MB. The impact of socioeconomic status across early life on age
at menarche among a racially diverse population of girls. Ann
Epidemiol 2010;20:836-42.

Misra S, Chaturvedi A, Misra NC, Sharma ID. Carcinoma of the
gallbladder. Lancet Oncol 2003;4:167-76.

Unisa S, Jagannath P, Dhir V, Khandelwal C, Sarangi L, Roy TK.
Population-based study to estimate prevalence and determine
risk factors of gallbladder diseases in the rural Gangetic basin of
North India. HPB (Oxford) 2011;13:117-25.



	tblfn1
	tblfn2
	tblfn3

