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Background: The rapidly rising incidence and the striking male predominance are as yet

unexplained features of oesophageal and gastric junction adenocarcinoma. Few and under-

powered studies have examined the impact of female reproductive factors on risk of these

adenocarcinomas in women. We therefore pooled data on women from four population-

based case-control studies to examine the association of female reproductive and sex hor-

monal factors with oesophageal and gastric junction adenocarcinoma.

Methods: Data on women from case-control studies conducted in Ireland, the United King-

dom (UK), Australia and United States of America (USA) were pooled. Multivariable logistic

regression was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for a

range of reproductive factors, adjusted for age, study and major risk factors for oesophageal

and gastric junction adenocarcinoma.

Results: We included 218 cases and 862 controls. Among parous women, a reduced risk of

oesophageal and gastric junction adenocarcinoma was found after breastfeeding

(OR = 0.58, 95% CI = 0.37–0.92) and the risk decreased with increased duration of breastfeed-

ing (>12 months OR = 0.42, 95% CI = 0.23–0.77). The endogenous reproductive factors such

as parity, menstruation, history of pregnancy and the exogenous factors such as use of oral

contraceptives and of hormone replacement therapy were not statistically significantly

associated with oesophageal and gastric junction adenocarcinoma.

Conclusion: Our findings suggest that breastfeeding is associated with a decreased risk of

oesophageal and gastric junction adenocarcinoma. The potential mechanism of this asso-

ciation warrants further investigation.
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1. Introduction 2. Patients and methods
The incidence rate of oesophageal adenocarcinoma is, for rea-

sons not fully understood, increasing rapidly in western

countries, particularly among white men.1–5 The strong (6:1)

male predominance is not explained by gender-related

differences in known risk factors (reflux, obesity or smoking)

or protective factors (fruit and vegetable consumption or

Helicobacter pylori infection).6 The gender-associated differ-

ence in incidence rates may be attributable to an as yet

unidentified protective factor in women, such as female sex

hormones.

Few studies have investigated the association of exoge-

nous hormones and risk of oesophageal adenocarcinoma. A

cohort study in Sweden7 found no association between the

incidence of oesophageal adenocarcinoma among men who

had previously received anti-androgenic treatment (i.e. oest-

rogen) for prostate cancer. However, research has suggested

a decreased incidence of oesophageal adenocarcinoma

among men with a history of prostate cancer.8,9 A study con-

ducted among women in the United Kingdom (UK) found no

protective effect of hormone replacement therapy in the aeti-

ology of oesophageal adenocarcinoma.10 A population-based

study which investigated the relation between body mass in-

dex (BMI) and reflux, two major risk factors for oesophageal

adenocarcinoma, found stronger positive associations among

pre-menopausal than post-menopausal women.11 However,

the use of hormone replacement therapy increased the

strength of the association between BMI and reflux among

post-menopausal women. Together, these data suggest that

some of the key risk factors for oesophageal adenocarcinoma

are modified by female hormones. A potential role of oral con-

traceptives has never been investigated.

Regarding endogenous reproductive factors, pregnancy

may be associated with oesophageal adenocarcinoma risk.

Gastrooesophageal reflux,12 for example, is common during

pregnancy.13 Furthermore, an increased susceptibility to H.

pylori, a potential protective factor in oesophageal adenocarci-

noma development,14 during pregnancy has been docu-

mented.15 A Swedish case-control study reported no

evidence of an association of parity with oesophageal adeno-

carcinoma.16 However, a dose-dependent association be-

tween duration of breastfeeding and risk of oesophageal

adenocarcinoma has been reported in a case-control study

from the UK.17 The impact of endogenous reproductive fac-

tors on oesophageal carcinogenesis has otherwise not been

examined.

The relatively low incidence of oesophageal adenocarci-

noma among women has prohibited much research of

reproductive factors in the aetiology of oesophageal adeno-

carcinoma. The few available studies have been hampered

by low statistical power. We therefore pooled data on female

participants from four large and independent case-control

studies which investigated risk factors for oesophageal and

gastric junction adenocarcinomas and present the largest

population-based study to date aiming to investigate whether

endogenous and exogenous reproductive and hormonal fac-

tors play a role in the aetiology of oesophageal and gastric

junction adenocarcinoma.
2.1. Selection of studies for analysis

The Barrett’s Esophagus and Adenocarcinoma Consortium

(BEACON) was formed in 2005 by an international group of inves-

tigators with completed or ongoing case-control studies of

oesophageal adenocarcinoma and/or Barrett’s oesophagus.

The consortium aims to provide an open scientific forum for epi-

demiologic research into the aetiology and prevention of these

diseases by facilitating the sharing of data across population-

based studies. Therefore rather than a meta-analytical approach

relying on published data only, BEACON enables pooled analyses

of individual-level data (both published and unpublished) from

population-based studies. A total of 14 separate case-control

studies are included in BEACON. We reviewed the question-

naires of the 14 case-control studies of oesophageal adenocarci-

noma in BEACON. We identified four population-based studies

that included details on reproductive and sex hormonal factors

in their questionnaires: (1) the Factors INfluencing the Barrett’s

Adenocarcinoma Relationship (FINBAR) study,18 (2) the UK

women’s study,17 (3) the Australian Cancer Study19 and (4) a US

Kaiser Permanente case-control study.20 We included only the

female participants from each study. Cases included women

with histologically confirmed adenocarcinoma of the oesopha-

gus or the gastrooesophageal junction (ICD-0: C15.0–C15.9).

The Irish study (FINBAR)21 was conducted in Ireland and

Northern Ireland between 2002 and 2004. It included three

groups of participants: patients with Barrett’s oesophagus,

patients with oesophageal adenocarcinoma and population-

based controls matched on 5-year age bands and gender. Only

oesophageal and gastric junction adenocarcinoma patients

and controls were considered in the current study.

The UK women’s study17 included oesophageal adenocar-

cinoma cases incident between 1993 and 1996 in four areas

of the UK. One female control was matched to each case by

age (within 5 years) and general practice.

The Australian Cancer Study was conducted between 2001

and 2005.19 Population-based controls were frequency

matched by age (within 5 years) and gender to oesophageal

and gastric junction adenocarcinoma cases.

The US Kaiser Permanente case-control study was nested

within a cohort of Kaiser Permanente health plan members

who underwent a health checkup and completed a question-

naire between 1964 and 1973. For each oesophageal and gas-

tric junction adenocarcinoma case, eight controls, matched

for age, gender and year of health checkup were selected from

within the health plan.20

To ensure a uniform outcome, in the Australian study, we

excluded patients with adenocarcinomas at sites denoted as

‘cardia’, ‘gastrooesophageal/cardia’, ‘unknown’ and ‘biopsy’

(n = 10) as these were not included in all studies. In the United

States (US) study, we excluded patients with adenocarcino-

mas at the gastric cardia and gastric body (n = 11).

2.2. Study variables

Information available on reproductive factors included men-

strual factors (age at menarche and age when periods
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stopped), childbearing (number of pregnancies and number of

children), breastfeeding (history and duration), use of hor-

mone replacement therapy (ever or never) and use of oral

contraceptives (ever or never). A pregnancy was defined as

any pregnancy of at least 6 months duration, including still

or live births, but not miscarriages. Not all of the variables

were available for each study; studies have been included in

the analysis for factors for which data were available.

Data on potential confounding factors included age at

diagnosis or interview (categorised into three groups,<50,

50–65, P65 years), tobacco smoking status (never or ever over

lifetime), alcohol consumption (never or ever over lifetime),

education (years of formal education), history of reflux (never

or ever; assessed at 5 years before diagnosis for the Irish

study, 10 years before diagnosis for the Australian, without la-

tency period in the UK and US studies), BMI before diagnosis

(1 year in Australian and US studies and 5 years in Irish) and

at heaviest during their lifetime (UK study). Please see On-line

Appendix A for details of questions from each study.

2.3. Statistical methods

A single file including comparable variables, coded in a uni-

form format, was compiled from the four datasets. In univari-

able analyses, v2 tests were used to examine differences in

variables between case and control groups. The statistical

analyses were carried out using two approaches, both of

which generated similar results, therefore only the results

of the aggregated analysis are presented.

2.3.1. Aggregated analysis approach
In the combined dataset, the odds ratios (ORs) and associated

95% confidence intervals (CIs) associating reproductive and

hormone factors and risk of oesophageal and gastric junction

adenocarcinoma were estimated using multiple logistic

regression. All ORs were adjusted for age and study. In a mul-

tivariable model, ORs were also adjusted for BMI (in three

groups: <24, 24–28, P28), history of reflux (ever, never or un-

known), years of education (<12 years or 12+years), alcohol

drinking (ever or never) and tobacco smoking status (ever or

never). These factors were included in models a priori due to

their association with oesophageal and gastric junction ade-

nocarcinoma risk. Forest plots were constructed to illustrate

findings from logistic regression analyses in individual stud-

ies and the pooled analysis.

2.3.2. Meta-analysis approach (data not presented)
The analysis was carried out using two steps.22 The ORs and

associated 95% CIs associating reproductive and hormone

factors and risk of oesophageal and gastric junction adeno-

carcinoma were estimated for each study using multiple lo-

gistic regression. Minimally adjusted ORs were adjusted for

age. Multivariable ORs were further adjusted, as above, for

BMI, history of reflux, years of education, alcohol and tobacco

smoking status. The second step involved pooling the study-

specific ORs using a random effects model.22 Heterogeneity

between the results of different studies was examined by

inspecting the forest plot of a meta-analysis for variation in

effects. Tests for heterogeneity were considered in conjunc-
tion with graphical approaches to determine between-study

differences.

All statistical tests were 2-sided. Analyses were carried out

using STATA 9.0 (StataCorp, Texas, USA).

2.4. Ethics

Ethical approval was obtained from the local ethical boards

where each study was carried out.

3. Results

Characteristics of the 218 oesophageal and gastric junction

adenocarcinoma female cases and 862 female control sub-

jects included are outlined in Table 1. Compared to the control

group, the case group had a higher prevalence of reflux and

smoking and a higher BMI.

Data on reproductive factors are presented in Table 2. No

associations were observed between menstruation variables,

i.e. age at first period or age when periods ended and risk of

oesophageal and gastric junction adenocarcinoma. Compared

with women with three or more children, those with one or

two children (OR = 1.20, 95% CI = 0.84–1.72) and no children

(OR = 1.27, 95% CI = 0.77–2.10) had a possibly increased risk

of oesophageal adenocarcinoma (p for trend = 0.048). The

apparent protective effect for three or more children was

not evident in the minimally adjusted model; a history of re-

flux was most responsible for this confounding. The sug-

gested protective effect associated with parity remained

after adjusting for breastfeeding in an analysis restricted to

parous women (data not shown).

Compared with women who had children but did not

breastfeed, a history of breastfeeding was associated with a

statistically significantly reduced risk of oesophageal and gas-

tric junction adenocarcinoma (OR = 0.58, 95% CI = 0.37–0.92).

This association was dose-dependent (p for trend with in-

creased duration of breastfeeding < 0.001), and women who

breastfed for more than 12 months were at a 58% decreased

risk of developing oesophageal and gastric junction adenocar-

cinoma (OR = 0.42, 95% CI = 0.23–0.77). Forest plots showing

the association for occurrence and duration of breastfeeding

with oesophageal and gastric junction adenocarcinoma are

presented in Figs. 1a and 1b . As the UK study had previously

reported an inverse association with breastfeeding13 we also

repeated our analysis excluding this study. The trend of a de-

creased risk of oesophageal and gastric junction adenocarci-

noma associated with breastfeeding remained (ever

breastfed compared with parous women who never breastfed:

OR = 0.75, 95% CI = 0.43–1.33; breastfeeding duration: >0–

6 months OR = 0.78, 95% CI = 0.40–1.52; 7–12 months:

OR = 0.78, 95% CI = 0.38–1.60; >12 months: OR = 0.61, 95%

CI = 0.30–1.23, p for trend = 0.017).

We repeated our analyses comparing oesophageal adeno-

carcinoma cases only with controls. We observed similar find-

ings for women with a history of breastfeeding (compared

with parous women who never breastfed), OR = 0.42, 95%

CI = 0.24–0.75. Women who breastfed for over 12 months

had a 78% decreased risk of oesophageal adenocarcinoma

(OR = 0.22, 95% CI = 0.10–0.52).



Table 1 – Characteristics of controls and oesophageal and gastric junction adenocarcinoma cases: Irish, Australian, United
Kingdom (UK) and United States (US) studies.

Variables Controls (n = 862) Cases (n = 218) p-Value
Number (%) Number (%)

Age (years) <0.001
<50 289 (34) 32 (15)
50–65 332 (39) 81 (37)
P65 241 (28) 105 (48)

Education (years) <0.001
<12 412 (48) 136 (62)
12+ 424 (49) 78 (36)
Missing/ invalid dataa 26 (3) 4 (2)

History of reflux <0.001
No 387 (45) 72 (33)
Yes 290 (34) 130 (60)
Unknown 185 (21) 16 (7)

Body mass indexb <0.001
<24 318 (37) 51 (23)
24–28 266 (31) 62 (28)
P28 278 (32) 105 (48)

Smoking status <0.001
Never 497 (58) 81 (37)
Ever 362 (42) 137 (63)
Missingc 3 (<1) 0

Alcohol consumption 0.06
Never 222 (26) 70 (32)
Ever 639 (74) 148 (67)
Missingc 1 (<1) 0

Study
Australian 540 (63) 83 (38)
Irish 40 (5) 35 (16)
US 208 (24) 26 (12)
UK 74 (9) 74 (34)

a Missing/ invalid education data from 30 individuals included in the US study.
b Missing bodymass index data on 47 individuals.
c Missing smoking and alcohol data on three participants in the Australian study.
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Ever users of hormone replacement therapy had a possibly

decreased risk of oesophageal and gastric junction adenocar-

cinoma (OR = 0.75, 95% CI = 0.45–1.24), but this was not statis-

tically significant. When we restricted this to oesophageal

adenocarcinoma cases only, there was no evidence of a de-

creased risk (OR = 0.99, 95% CI = 0.49–2.01). Use of oral contra-

ceptives was not associated with risk of oesophageal and

gastric junction adenocarcinoma (Table 2).

4. Discussion

The current study indicated an inverse association between

history of breastfeeding and risk of oesophageal and gastric

junction adenocarcinoma. Other endogenous or exogenous

reproductive factors did not appear to be strongly associated

with risk of this tumour.

Data regarding the impact of breastfeeding on gastrointes-

tinal disease are sparse. Research on lactation has suggested

a protective effect regarding cancers of the stomach, pancreas

and gallbladder.23–25 Reasons for a reduced risk of oesopha-

geal and gastric junction adenocarcinoma among women
with a history of breastfeeding remain to be elucidated. Inves-

tigators in the UK study speculated that the protective effect

was attributable to higher weight gain after pregnancy in wo-

men who did not breastfeed.17 However, there is no evidence

in published literature that lactation prevents obesity26,27

Although we adjusted for BMI, we had no information on

BMI during a woman’s childbearing years, which may have

been substantially different to their BMI shortly before

oesophageal and gastric junction adenocarcinoma diagnosis.

Such weight change may have been differential between

cases and controls.

A reduced risk of oesophageal and gastric junction adeno-

carcinoma associated with breastfeeding is biologically plau-

sible and may be similar to that observed in ‘hormone-

related’ cancers (breast, endometrial and ovary28–30). For

example, a high frequency of oestrogen receptor (ER) expres-

sion, particularly ER beta,31 has been reported in oesophageal

adenocarcinoma.32–34 ER-expressing breast tumours seem to

have a better prognosis if they also express the anti-apoptotic

protein, bcl-2.35,36 Likewise, a loss of bcl-2 expression in

oesophageal adenocarcinoma may lead to tumour progres-



Table 2 – Reproductive factors and risk of oesophageal and gastric junction adenocarcinoma in Irish, United Kingdom (UK),
United States (US) and Australian studies, expressed as odds ratios (ORs) with 95% confidence intervals (CIs).

Variables Controls (n = 862) Cases (n = 218) Minimally adjusted ORs (95% CI) b Adjusted ORs c (95% CI)
Number (%)a Number (%)a

Age at first menstruation (years)g

613 473 (60) 86 (60) 1.00 1.00
>13 313 (40) 56 (39) 0.89 (0.39–2.04) 1.01 (0.35–2.91)
Missing 2 (<1) 2 (1.4) – –

Age when periods ended (years)h

50–70 178 (31) 39 (33) 1.00 1.00
<50 217 (37) 58 (49) 1.15 (0.72–1.86) 1.06 (0.64–1.77)
Not stopped 39 (7) 5 (4) 0.64 (0.18–2.30) 0.65 (0.17–2.50)
Missing 146 (25) 16 (14) – –

Ever pregnantf

No 74 (11) 22 (11) 1.00 1.00
Yes 578 (88) 166 (86) 0.91 (0.52–1.60) 1.02 (0.55–1.87)
Missing 2 (<1) 4 (2) – –

Number of childrene

3+ (ref) 368 (43) 90 (41) 1.00 1.00
1–2 334 (39) 90 (41) 1.18 (0.82–1.69) 1.20 (0.84–1.72)
0 158 (18) 34 (16) 1.03 (0.64–1.68) 1.27 (0.77–2.10)
Missing 2 (0.2) 4 (2) – –

Breastfeeding among women who had a live birthf,d

Had children; never breastfed 101 (16) 52 (27) 1.00 1.00
Had children; ever breastfed 450 (69) 102 (53) 0.52 (0.33–0.80) 0.58 (0.37–0.92)
Unknown 14 (2) 11 (6) – –
Missing 89 (14) 27 (14) – –

Children and Breastfeeding Durationf

Had children; never breastfed 101 (15) 52 (27) 1.00 1.00
Breastfed 66 months 137 (21) 46 (24) 0.62 (0.37–1.04) 0.63 (0.37–1.08)
Breastfed 7–12 months 120 (18) 27 (14) 0.55 (0.31–0.98) 0.65 (0.35–1.18)
Breastfed > 12 months 189 (29) 26 (14) 0.34 (0.19–0.61) 0.42 (0.23–0.77)
Unknown 18 (3) 14 (7) – –
Missing 89 (14) 27 (14) – –

Use of hormone replacement therapy among women aged >50 yearsh

Never 218 (52) 64 (61) 1.00 1.00
Ever 193 (46) 35 (33) 0.76 (0.47–1.23) 0.75 (0.45–1.24)
Missing 5 (1) 6 (6) – –

Use of oral contraceptivesg

No 373 (47) 78 (54) 1.00 1.00
Yes 411 (52) 60 (42) 1.00 (0.61–1.63) 0.92 (0.55–1.54)
Missing 4 (0.5) 6 (4) – –

a Persons with inapplicable or missing data in any covariate included in the models were excluded.
b Minimally adjusted odds ratios adjusted for age and study.
c Models adjusted for age, reflux symptoms (GOR and/or heartburn), years of education, smoking status, alcohol, BMI and study.
d Models for breastfeeding among parous women also adjusted for number of children.
e Models included data from Irish, UK, US and Australian studies.
f Models included data from Irish, UK and Australian studies (n = 846).
g Models included data from Irish, US and Australian studies (n = 932).
h Models included data from Irish and Australian studies (n = 698).

Odds Ratio
95% CI

Study

Australia
Ireland
UK

Pooled OR 
(95%CI)

0.76 [0.41, 1.41]
0.46 [0.16, 1.31]
0.36 [0.18, 0.73]

0.58 [0.37, 0.92]

Odds Ratio
95% CI

0.01 0.1 1 10 100

Fig. 1a – Forest plot showing odds ratios (ORs) and associated 95% confidence interval (95% CI) for the risk of oesophageal and

gastric junction adenocarcinoma associated with ever/never breastfeeding among parous women. Estimates from logistic

regression in individual studies and pooled analysis (total). Data from Australian, Irish and United Kingdom (UK) studies.
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sion and poorer survival.37 Oxytocin, a hormone associated

with breastfeeding, can regulate tumour growth via activation

of the oxytocin receptor. Both oxytocin and its receptor have

shown expression throughout the gastrointestinal tract,

although their functions in the tract are not known.38 The rel-

atively transient depletion of oestrogen and progesterone39

and high levels of prolactin and oxytocin26 during breastfeed-

ing are unlikely to have a direct impact on oesophageal and

gastric junction adenocarcinoma development later in life.

However, lactation may cause long-term modification of

endogenous hormones or their receptors; increasing prolactin

and oxytocin and decreasing a woman’s cumulative exposure

to oestrogen, and in this way decreasing the risk of oesopha-

geal and gastric junction adenocarcinoma. The androgen

receptor has also been shown to be expressed on oesophageal

adenocarcinoma cells, however, its impact on oesophageal

adenocarcinoma aetiology and prognosis is not clear.40

The role of parity has been investigated in upper gastroin-

testinal cancers with inconsistent findings.41–43 The only pre-

vious study on parity and oesophageal and gastric junction

adenocarcinoma reported no association.16 The suggestions

of an inverse association between increasing parity and risk

of oesophageal and gastric junction adenocarcinoma in the

current study seem uncertain since the results were not sta-

tistically significant. Like the breastfeeding finding, our find-

ing of a decreased risk of oesophageal and gastric junction

adenocarcinoma associated with increased parity may be

somewhat reflective of the decreased risk of breast, ovarian

and endometrial cancers associated with multiparity.44–46

Age at first birth, another important risk factor for breast can-

cer, was only available for one study, and so we were unable to

assess the effect of this variable on oesophageal and gastric

junction adenocarcinoma risk with any precision. It is diffi-

cult to draw conclusions from our parity findings, however,

as we found no association between ever being pregnant

and oesophageal and gastric junction adenocarcinoma.

In the only previous study of the role of hormone replace-

ment therapy and oesophageal and gastric junction adenocar-

cinoma aetiology, based on prescription data, no protective

effect was found10 (OR = 1.17, 95% CI = 0.41–3.32). A lack of

association with oesophageal and gastric junction adenocar-

cinoma was also reported in a cohort study of prostate cancer

patients who used oestrogen therapy suggesting no role of

exogenous female hormones on oesophageal and gastric

junction adenocarcinoma aetiology among men.7 Our find-

ings may indicate a reduced risk of oesophageal and gastric

junction adenocarcinoma associated with the use of hormone

replacement therapy, but this was not evident when we re-

stricted our analysis to oesophageal adenocarcinoma cases

only.

Approximately 1–2% of the population have Barrett’s

metaplasia,56 a precursor lesion to oesophageal and gastric

junction adenocarcinoma. The incidence rate of oesophageal

and gastric junction adenocarcinoma among individuals with

Barrett’s is approximately 6–7 per 1000-person years.56 To the

best of our knowledge, however, there are as yet no published

studies investigating the association of reproductive and sex

hormonal factors with the risk of Barrett’s metaplasia or pro-

gression to adenocarcinoma in patients with Barrett’s meta-

plasia. This warrants investigations, since any potential



E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 2 0 6 7 – 2 0 7 6 2073
association could have major implications for our under-

standing of oesophageal carcinogenesis and prevention.

The present study has strengths and limitations. A major

strength is the availability of individual-level data for the

pooled analyses, which are not available in meta-analyses

of published data. Through the pooling of four population-

based datasets, this is the largest study to date to investigate

the impact of reproductive factors on oesophageal and gastric

junction adenocarcinoma risk in women. Yet, for at least

some of the reproductive variables, our study had limited sta-

tistical power, partly because data were not collected on all

exposures of interest in each study. Moreover, information

on these variables was collected by slightly different ques-

tions (see Appendix), thus increasing the risk of

misclassification.

Women included in the current study were mostly Cauca-

sian, so our findings may not be generalisable to patients of

other ethnicity. However, oesophageal and gastric junction

adenocarcinoma has the highest incidence rate among Cau-

casians. We had no information on the type of hormone

replacement therapy or on the use of injected contraceptives,

which may have impacted on oesophageal and gastric junc-

tion adenocarcinoma risk, although the frequency of the lat-

ter is likely to be low among women of the age of those in

the current studies. While we analysed age when menstrual

periods stopped, we could not distinguish between natural

menopause, hysterectomy or women who went straight onto

hormone replacement therapy and whose periods continued.

We were unable to adjust for dietary factors,47,48 H. pylori

infection or medications such as NSAIDs, since these data

were not available from all of the studies. The timing of BMI

measurement was not uniform for the four studies. However,

a pattern of higher BMI among cases than controls was seen

in each of the included studies. Moreover, we adjusted our

analyses for the study to account for such differences in data

coding and categorisation. The higher frequency of reflux and

higher BMI among women with oesophageal and gastric junc-

tion adenocarcinoma compared with controls concur with

the published research, thus lending validity to our

data.11,49–52 Case-control studies may be subject to recall bias.

It seems likely, however, that recall of the number of children,

pregnancies, use of hormone replacement therapy or oral

contraceptives and history of breastfeeding is quite accu-

rate.53 It is unlikely that the recall of these factors differs sub-

stantially between cases and controls as they are not known

to be associated with this cancer.

Our study may be prone to selection bias. Some of the in-

cluded studies report low response rates among controls21 –

65%, 48% and 42% in the UK, Australian and Irish studies,

respectively. There was no evidence of a sex-related differ-

ence in response rates for the Australian study; this informa-

tion was not available for the Irish study. Individuals who

participated as controls may have been more health con-

scious than cases, which may be particularly relevant to the

observed reduced risk of oesophageal and gastric junction

adenocarcinoma among individuals who breastfed. Com-

pared with women who did not breastfeed, those who breast-

fed had longer years of education, were more frequently

alcohol drinkers, had lower BMI, lower prevalence of a history

of reflux and were less frequently smokers. We observed a rel-
atively high rate of breastfeeding among women included in

the current study, particularly among controls (Australian

study 82% controls versus 78% cases; Irish study 58% controls

versus 38% cases, UK study 76% controls versus 53% cases).

This compares to approximately 60% of women in the UK Mil-

lion Women’s Study54 and 86% of women in Australia in 1995

(rates from earlier years were not available).55

In summary, through pooling of four population-based

case-control studies, we were able to investigate the impact

of reproductive variables on oesophageal and gastric junc-

tion adenocarcinoma incidence in women. The findings

suggest an inverse association between breastfeeding and

risk of oesophageal and gastric junction adenocarcinoma.

The underlying biological mechanism(s) remains to be elu-

cidated. Most studied reproductive and sex hormonal fac-

tors did not seem to be associated with oesophageal and

gastric junction adenocarcinoma, but the uncertainty about

some of these factors, particularly a possible decreased risk

of oesophageal and gastric junction adenocarcinoma with

increased parity and use of hormone replacement therapy,

supports the need to further evaluate these factors in pro-

spective studies.
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Appendix A

Questions used to derive variables for the pooled analysis of reproductive factors and oesophageal gastric junction
adenocarcinoma: Irish FINBAR case-control study, Australian case-control study, US Kaiser Permanente case-control study,
UK Women’s case-control study.a

Irish Australian United States United Kingdom

General factors
Age (years) Age at interview Age at interview Age at interview Age at interview
Body mass
index (BMI)

Height (cm) BMI 5 years before
interview

Height (cm) Height (inches) Adult height
Weight (kg) Weight 1 year before

interview
Weight (pounds) Heaviest lifetime weight

Cigarette
smoking
status
(current/
former/
never)

Derived Variable: ‘In
your entire lifetime
did you smoke a total
of 100 cigarettes or
more?’

Current/ ex-smoker/
non-smoker

Derived Variable:
‘Before one year ago
did you ever smoke
cigarettes? In the past
year did you smoke
cigarettes?’

Ever smoked as much as
one cigarette/day; at
approx 2 years prior to
interview for cases, to
accommodate those who
gave up smoking as a
result of disease; at
interview for controls

Alcohol
consumption
(yes/no)

Derived variable:
grams of alcohol
consumed per week

Current, ex or non-
drinkers (Where
people stopped
drinking <1.5 years
previously they were
classed as current
drinkers)

Derived variable: At
any time in the past
were you a heavy
alcohol drinker? In
the past year did you
drink alcohol?

Ever taken as much as
one drink per month

Education (an
ordinal
variable
specific to
each study)

How many years in
total did you spend in
fulltime education –
school, university or
other training?

Derived variable:
‘Completed any
further study since
leaving school?’

Derived variable:
Years of education

Derived variable: Age in
years on leaving school

Heartburn,
reflux or
indigestion
(yes/no)

Reflux
(yes/no)

Have you ever had
frequent acid reflux
i.e. a bitter taste of
stomach acid which
has come up to the
back of your throat
(not including the last
5 years)?

Have you ever had
acid reflux?

Derived variable:
Before one year ago
had you often had
heartburn,
indigestion or
stomach pain

Derived variable: Ever
suffered from indigestion

Heartburn
(yes/no)

Have you ever had
frequent heartburn (a
burning or ache
behind the
breastbone that is not
due to heart
problems) not
including the last 5
years?

Derived from
duration of frequent
heartburn/reflux

Reproductive factors
Age at
menstruation
(years)

At what age did you
have your 1st
menstrual period?

Age at first period How old were you
when monthly
menstrual periods
began?

–

Age when
periods
stopped
(years)

At what age did you
have your last
menstrual period?

How old were you
when your periods
stopped completely?

If you no longer have
menstrual periods, at
what age did you stop
having them?

–

Ever pregnant
(yes/no)

Have you given birth? Ever pregnant: No/
Yes

Derived variable: How
many children have
you had and how
many miscarriages
have you had?

Based on questions about
number of children and
whether had had
stillbirths or
miscarriages;
information on
terminations not sought
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Appendix A (continued)

Irish Australian United States United Kingdom

Number of
children

How many children
have you had?
Excluding
miscarriages,
including stillbirths

Derived from ever
had a live or still
birth?

How many
children have
you had?

Number of children

Ever breastfed
(Yes/no)

Did u ever breastfeed
any of your children?

Ever breast feed after
any pregnancy?

– Ever breastfed

Duration of
breast-feeding
(total duration
in months for all
pregnancies)

Thinking about all
your children how
long did you
breastfeed in total?

Total duration of
breastfeeding

– Total months spent
breastfeeding;
summed over all
children

Ever use of
hormone
replacement
therapy (HRT)
(yes/no)

Do you or have you
ever used HRT
(hormone
replacement
therapy)?

Derived variable: Yes
if subject had taken
either implant, patch,
cream or tablet forms
of HRT

– –

Use of oral
contraceptives
(yes/no)

Did you ever take the
pill (oral
contraceptive)?

Ever use of pill,
minipill or injected
contraceptives

Derived
variable: ‘In
the past year
have you
taken pills to
control your
periods? and
In the past
year have you
taken pills to
prevent
pregnancy?’

–

a As the questions from all studies were slightly different, the most similar questions were used to derive variable in order to minimise

misclassification.
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