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Is hormone replacement therapy in
post-menopausal women associated with
a reduced risk of oesophageal cancer?

Shyam Menon1, Peter Nightingale2 and Nigel Trudgill3

Abstract
Purpose: The rise in oesophageal adenocarcinoma incidence in women with age is delayed compared with men until the

post-menopausal period. A matched cohort study was therefore undertaken of post-menopausal women on hormone

replacement therapy (HRT) to examine the association between HRT, oesophageal cancer and the potentially associated

conditions, reflux oesophagitis and Barrett’s oesophagus.

Methods: Women aged over 50 years within the UK General Practice Research Database with a history of HRT exposure were

matched by age and general practice with controls without HRT exposure (1:1). Matched Cox-regression analysis was

performed to estimate adjusted hazard ratios.

Results: 51,851 HRT users and controls were studied. Prolonged HRT use for 5–10 years (hazard ratio 0.25 (95% CI

0.07–0.95)) and time-dependent covariates for increasing duration of HRT use (0.06 (0.01–0.43)) were associated with a

reduced oesophageal cancer risk. HRT use was associated with reflux oesophagitis (1.27 (1.12–1.43)), but when analysis was

confined to women with codes for both reflux oesophagitis and endoscopy there was no association (1.1 (0.81–1.44)),

suggesting increased reporting of reflux symptoms among HRT users rather than an association with endoscopic reflux

oesophagitis.

Conclusion: Long-term post-menopausal HRT may be associated with a reduced risk of oesophageal cancer.
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Introduction

The male predominance for oesophageal squamous cell
carcinoma can be explained by differences in risk fac-
tors such as alcohol and tobacco consumption.
However, the more marked male predominance for
oesophageal adenocarcinoma remains unexplained by
established risk factors such as reflux symptoms and
obesity.1 A recent study of patients with oesophageal
adenocarcinoma found that uniquely among cancers,
the age-specific incidence was delayed by 17 years in
women compared with men, and one possible explan-
ation is a potential protective effect of sex hormones in
menstruating women.2

Studies on post-menopausal women have shown
that systemic and topical oestrogen therapy are asso-
ciated with accelerated cutaneous wound healing
compared with age-matched controls.3,4 The same

phenomenon may plausibly occur in oesophageal
injury, raising the possibility that oestrogen may limit
the severity of oesophageal injury in response to gastro-
oesophageal reflux. Severe oesophageal reflux injury
has been proposed be a pre-requisite for the develop-
ment of Barrett’s oesophagus, which in turn is thought
to be a pre-requisite for the development of oesopha-
geal adenocarcinoma.5,6
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A previous nested case-control study within the UK
General Practice Research Database (GPRD) exam-
ined the influence of hormone replacement therapy
(HRT) among women with oesophageal adenocarcin-
oma and found no association between oesophageal
adenocarcinoma and HRT use, but found a strong
inverse association between HRT and gastric cancer.7

The authors of the study were unable to examine the
use of HRT for prolonged periods or the influence of
HRT on the potentially related conditions of Barrett’s
oesophagus and reflux oesophagitis. Furthermore,
there is recent evidence to suggest an inverse association
between oesophageal cancer and HRT use.8 We have
therefore re-examined the influence of HRT on
oesophageal cancer, Barrett’s oesophagus and reflux
oesophagitis in a matched cohort of post-menopausal
women.

Materials and methods

General Practice Research Database

The UK GPRD has been described in detail, and val-
idation studies have demonstrated the high quality of
data recorded in the GPRD.9–11 We obtained access to
the GPRD under the Medical Research Council licence
which restricts datasets to around 100,000 subjects or
just over. Ethics approval for the study was obtained
under the provisions of the ISAC (Independent
Scientific Advisory Committee) approval process for
GPRD (protocol number 09-005RA).

Sample size estimation

The incidence of oesophageal adenocarcinoma in
women over the age of 50 years is 14 per 100,000 per
year (personal communication from West Midlands
Cancer Intelligence Unit, Birmingham, UK), corres-
ponding to seven cases per year in a sample of 50,000
subjects and 35 cases in 5 years. Assuming that HRT is
at most associated with a reduction of oesophageal
cancer by 50%, a sample size of 50,000 women exposed
to HRT and followed for at least 5 years would provide
80% power at the 5% significance level to detect this
association.

Study design

A matched cohort study using data from the GPRD
between 1 January 1987 and 31 October 2008 was con-
ducted. In total, 51,851 women between 50 and 80 years
of age with a prescription code for HRT at least twice
per year for a minimum of 1 year and the same number
of women without a record of having been prescribed
HRT, matched by age within 5 years, general

practitioner (GP) practice and duration on the
GPRD, were identified. Women were excluded if they
had a disease code for Barrett’s oesophagus or
oesophageal cancer before or 6 months after the first
date of HRT prescription and from the reflux oesopha-
gitis analysis if they had a code for reflux oesophagitis
prior to starting HRT. Women with less than 1 year of
follow-up or those developing oesophageal cancer
within 12 months of registration at the general practice
were also excluded.

The cohort was followed longitudinally in the data-
base until development of oesophageal cancer, death or
exit from the database. Dates of diagnosis of reflux
oesophagitis, Barrett’s oesophagus and oesophageal
cancer were extracted to analyse the temporal sequence
of events. Data on use of lower oesophageal sphincter
relaxing drugs and co-morbid conditions were addition-
ally analysed.

HRT exposure

All forms of HRT were considered during the analysis,
including oral, transdermal preparations and oestrogen
implants. ‘Current’ users were defined as women who
were on HRT during their time on the database, as
opposed to ‘ever’ users, who had been exposed to
HRT at some point in the database. A similar exposure
window in each matched women in the unexposed (con-
trol) group was defined. HRT use was further stratified
by duration of exposure (in years) to exposure windows
of 0–2 years, 2–5 years and 5–10 years of HRT use.

Oesophageal cancer histology

Histology of each oesophageal cancer was sought by
examining anonymized free text attached to each sub-
ject in the GPRD by searching for the following terms:
oesophageal adenocarcinoma, oesophageal squamous
cell carcinoma or squamous cell cancer, oesophageal
cancer, oesophagectomy, chemotherapy, radiotherapy
and neo-adjuvant. Oesophageal cancer was then
divided into three groups: adenocarcinoma, squamous
cell carcinoma and indeterminate (when histology was
not available).

Statistical analysis

Skewed data were initially log transformed for analysis.
Categorical data were compared between groups using
the Chi-square test. Matched Cox-regression analysis
was used to examine the relationship between HRT
use and the risk of reflux oesophagitis, Barrett’s
oesophagus and oesophageal cancer and hazard ratios
with 95% confidence intervals (CI) were calculated.
Time-dependent covariates were additionally used to
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examine the effect of length of HRT use on the risk of
reflux oesophagitis, Barrett’s oesophagus and oesopha-
geal cancer.

Results

Study cohort

Some 51,851 women over the age of 50 years with a
prescription code for HRT and the same number of
matched control women not exposed to HRT were
identified. These 103,702 women had 1,545,495
person-years of follow-up recorded on the database.
Baseline characteristics of the study cohort are listed
in Table 1. More women in the HRT group had never

smoked but there was no difference in alcohol con-
sumption between the groups. There were more
women with a diagnosis of asthma, chronic obstruct-
ive pulmonary disease (COPD) and hypertension in
the HRT-exposed group. Consequently, the HRT-
exposed group was more likely to take drugs that
may affect the lower oesophageal sphincter. As
expected, there were twice as many women who had
undergone hysterectomy in the HRT-exposed group.
There was slight excess of a recorded diagnosis of
ischemic heart disease in the HRT-exposed group
but not diabetes mellitus. Not surprisingly, the
HRT-exposed group had had more GP consultations
per year and they were also more likely to have under-
gone endoscopy.

Table 1. The demographic characteristics of the study cohort

HRT-exposed group Unexposed group p-value

Number of subjects 51,851 51,851

Age (mean, SD) 55 (5.8) 55 (5.7)

Body mass index (kg m�2) (mean (SD) 27.6 (5.3) 28.2 (6.2) p¼ 0.55

Smoking Never 37,542 (72.4%) Never 34,148 (65.9%) p< 0.001

Current smokers 6411 (12.4%) Current smokers 7163 (13.8%) p< 0.001

Ex-smokers 7898 (15.2%) Ex-smokers 10,540 (20.3%) p< 0.001

Alcohol consumption (units/week) (mean (SD) 8.3 (10.4) 7.8 (10.8) p¼ 0.60

HRT duration

0–2 years 18,660 (36%)

2–5 years 14,808 (28.6%)

5–10 years 14,166 (27.3%)

>10 years 4217 (8.1%)

Co-morbidity

Diabetes mellitus 5396 (10.4%) 5503 (10.6%) p¼ 0.334

Ischemic heart disease 1366 (2.6%) 1258 (2.4%) p¼ 0.04

Hypertension 8380 (16.2%) 7817 (15.1%) p< 0.001

Asthma 3805 (7.3%) 2725 (5.2%) p< 0.001

COPD 1157 (2.2%) 948 (1.8%) p< 0.001

Hysterectomy 7621 (14.7%) 3688 (7.1%) p< 0.001

Type of HRT

Oestrogen-only 16,657 (32.1%)

Progesterone-only 45 (0.008%)

Combined HRT 27,390 (52.8%)

Tibolone 7759 (15%)

Frequency of GP consultations (number/year (SD)) 10 (14) 1 (5) p¼ 0.01

Number of subjects undergoing endoscopy

during the study period

4365 (8.4%) 2768 (5.3%) p< 0.001

Drug therapy

Beta-2 agonists 11,704 (22.6%) 8424 (16.2%) p< 0.001

Inhaled steroids 8825 (17%) 6155 (11.9%) p< 0.001

Anticholinergics 2330 (4.5%) 1637 (3.2%) p< 0.001

Theophylline 436 (0.8%) 356 (0.6%) p¼ 0.005
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Oesophageal cancer

There were 25 oesophageal cancers in the HRT-
exposed group compared with 31 in the unexposed
group. Univariable analysis identified age, hysterec-
tomy, asthma, COPD and hypertension as being posi-
tively associated and never smoking as negatively

associated with risk of oesophageal cancer (Table 2).
Multivariable analysis revealed that age, hysterectomy,
COPD and hypertension were positively associated and
never smoking negatively associated with oesophageal
cancer (Table 3). These variables were controlled for in
subsequent analyses.

Table 2. Univariable analysis of risk factors associated with oesophageal cancer, Barrett’s oesophagus and reflux oesophagitis in the

study cohort

Oesophageal cancer

(hazard ratio, 95% CI) p-value

Barrett’s oesophagus

(hazard ratio, 95% CI) p-value

Reflux oesophagitis

(hazard ratio, 95% CI) p-value

Variable

Age 1.09 (1.06–1.13) p< 0.001 1.05 (1.03–1.08) p< 0.001 1.04 (1.03–1.04) p< 0.001

Body mass index 2.07 (0.52–8.23) p¼ 0.30 2.16 (0.94–4.99) p¼ 0.07 1.59 (1.33–1.91) p< 0.001

Smoking

current 1.41 (0.63–3.16) p-0.40 1.21 (0.70–2.19) p¼ 0.53 1.24 (1.14–1.34) p< 0.001

ex 0.69 (0.32–1.45) p¼ 0.32 1.43 (0.97–2.01) p¼ 0.07 1.23 (1.12–1.35) p< 0.001

never 0.38 (0.19–0.77) p¼ 0.01 1.16 (0.76–1.76) p¼ 0.50 0.71 (0.62–0.81) p< 0.001

Alcohol consumption 1.01 (0.99–1.03) p¼ 0.35 1.02 (1.01–1.02) p< 0.001 1.0 (0.99–1.01) p¼ 0.79

Asthma 3.33 (1.68–6.61) p¼ 0.001 3.41 (2.25–5.12) p< 0.001 3.45 (3.12–3.79) p< 0.001

COPD 10.3 (5.22–20.5) p< 0.001 6.12 (3.73–10.2) p< 0.001 3.25 (2.81–3.76) p< 0.001

Hysterectomy 2.83 (1.55–5.12) p¼ 0.001 3.79 (2.67–5.37) p< 0.001 3.45 (3.19–3.74) p< 0.001

Diabetes mellitus 1.49 (0.73–3.73) p¼ 0.28 1.93 (1.30–2.90) p¼ 0.001 1.54 (1.40–1.70) p< 0.001

Ischemic heart disease 1.15 (0.35–3.8) p¼ 0.82 3.78 (2.36–6.01) p< 0.001 2.62 (2.32–3.0) p< 0.001

Hypertension 3.54 (2.04–6.13) p< 0.001 3.29 (2.29–4.58) p< 0.001 3.59 (3.34–3.86) p< 0.001

Rates of endoscopy 1.37 (1.25–1.51) p< 0.001 1.53 (1.49–1.56) p< 0.001

Frequency of GP consultations 1.03 (1.00–1.05) p¼ 0.02 1.021 (1.02–1.024) p< 0.001

Drug therapy

Beta-2 agonists 1.09 (0.98–1.21) p¼ 0.13 1.07 (1.01–1.13) p¼ 0.02 1.04 (1.02–1.05) p< 0.001

Inhaled steroids 0.97 (0.81–1.16) p¼ 0.74 1.07 (0.99–1.15) p¼ 0.08 1.04 (1.02–1.07) p< 0.001

Anticholinergics 0.97 (0.78–1.21) p¼ 0.79 0.98 (0.88–1.08) p¼ 0.63 0.98 (0.95–1.00) p¼ 0.08

Theophylline 0.96 (0.56–1.65) p¼ 0.88 0.94 (0.71–1.26) p¼ 0.70 0.99 (0.94–1.06) p¼ 0.97

Table 3. Multivariable analysis of risk factors associated with oesophageal cancer, Barrett’s oesophagus and reflux oesophagitis in the

study cohort

Multivariable analysis

Oesophageal cancer

(hazard ratio, 95% CI) p-value

Barrett’s oesophagus

(hazard ratio, 95% CI) p-value

Reflux oesophagitis

(hazard ratio, 95% CI) p-value

Age 1.07 (1.04–1.11) p< 0.001 1.03 (1.0–1.05) p¼ 0.02 1.05 (1.01–1.08) p¼ 0.02

Body mass index 1.05 (1.01–1.08) p¼ 0.02

Never smoker 0.38 (0.22–0.66) p¼ 0.001

Ex-smoker 1.29 (1.19–1.39) p< 0.001

COPD 3.73 (1.66–8.41) p¼ 0.001 2.30 (1.30–4.05) p¼ 0.004 1.42 (1.20–1.68) p< 0.001

Asthma 2.22 (1.98–2.49) p< 0.001

Hysterectomy 1.90 (1.01–3.59) p¼ 0.05 2.26 (1.56–3.26) p< 0.001 2.18 (2.01–2.36) p< 0.001

Hypertension 2.39 (1.33–4.27) p¼ 0.003 2.27 (1.59–3.24) p< 0.001 2.27 (2.09–2.45) p< 0.001

Alcohol consumption 1.02 (1.01–1.02) p< 0.001

Ischemic heart disease 2.57 (1.58–4.12) p< 0.001 1.93 (1.70–2.18) p< 0.001

Frequency of GP consultations 1.03 (1.01–1.05) p¼ 0.004 1.01 (1.002–1.01) p¼ 0.02
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Both ‘ever’ use of HRT (hazard ratio 0.69 (95% CI
0.40–1.18, p¼ 0.12)) and ‘current’ HRT (0.49 (0.17–
1.42, p¼ 0.19)) use were not significantly associated
with oesophageal cancer. On examining the duration
of HRT use, up to 5 years of HRT use was not asso-
ciated with oesophageal cancer (Table 4). However,
when HRT was used for 5–10 years, there was an
inverse association with risk of oesophageal cancer
(0.25 (0.07–0.95, p¼ 0.04)). This result was corrobo-
rated by applying time-dependent covariates to deter-
mine the association between length of HRT use and
oesophageal cancer. Increasing duration of HRT use
was associated with a reduced risk of oesophageal
cancer (0.06 (0.01–0.43), p¼ 0.005). Analysis by sub-
type of HRT revealed no significant association
between subtype of HRT used and oesophageal
cancer (data not shown).

In the HRT-exposed group, the oesophageal cancers
included seven (28%) oesophageal adenocarcinomas,
six (24%) oesophageal squamous cell carcinomas and
12 (48%) indeterminate oesophageal cancers. In the
unexposed group, there were six (19%) oesophageal
adenocarcinomas, four (13%) oesophageal squamous
cell carcinomas and 21 (68%) indeterminate oesopha-
geal cancers. The results of HRT exposure and increas-
ing duration of HRT on the incidence of oesophageal
adenocarcinoma, oesophageal squamous cell carcin-
oma and indeterminate oesophageal cancer are shown
in Table 5. There was no significant association

between HRT exposure and the subtypes examined,
and no evidence of an association with increasing dur-
ation of HRT exposure in these much smaller subsets of
the study cohort.

Barrett’s oesophagus

There were 78 cases of Barrett’s oesophagus in the
HRT-exposed group compared with 76 in the unex-
posed group. Univariable analysis identified that age,
alcohol consumption, COPD, asthma, diabetes melli-
tus, hypertension, ischemic heart disease, hysterectomy,
frequency of endoscopy and GP consultations and
beta-2 agonist therapy were associated with Barrett’s
oesophagus (Table 2). Multivariable analysis revealed
that age, alcohol consumption, COPD, hypertension,
ischemic heart disease, hysterectomy and frequency of
GP consultations were associated with Barrett’s
oesophagus (Table 4). These variables were adjusted
for in subsequent analyses.

‘Ever’ HRT exposure (1.15 (0.81–1.63), p¼ 0.45))
and current HRT (1.30 (0.69–2.50), p¼ 0.44)) were
not associated with Barrett’s oesophagus (Table 4).
Increasing duration of HRT was also not associated
with Barrett’s oesophagus. Duration of HRT use was
examined further by using time-dependent covariates
and there was no association between length of HRT
use and risk of Barrett’s oesophagus (0.94 (0.58–1.55),
p¼ 0.82). Analysis by subtype of HRT did not reveal

Table 4. Hazard ratios for oesophageal cancer, Barrett’s oesophagus and reflux oesophagitis in women exposed to HRT relative to

matched controls by duration of HRT exposure

Oesophageal cancer

(hazard ratio, 95% CI)

Barrett’s oesophagus

(hazard ratio, 95% CI)

Reflux oesophagitis

(hazard ratio, 95% CI)

HRT ever 0.81 (0.48–1.37), p¼ 0.42 1.15 (0.81–1.63), p¼ 0.45 1.57 (1.45–1.70), p< 0.001

Current HRT 0.49 (0.17–1.42), p¼ 0.19 1.30 (0.69–2.50), p¼ 0.44 1.43 (1.24–1.65), p< 0.001

Duration of HRT (0–2 years) 0.53 (0.23–1.26), p¼ 0.15 0.66 (0.07–5.96), p¼ 0.72 1.15 (0.74–1.79), p¼ 0.53

Duration of HRT (2–5 years) 0.74 (0.1–5.49), p¼ 0.77 0.90 (0.61–1.34), p¼ 0.62 1.45 (1.12–1.83), p¼ 0.02

Duration of HRT (5–10 years) 0.25 (0.07–0.95), p¼ 0.04 1.67 (0.8–3.48), p¼ 0.17 1.46 (1.24–1.71), p< 0.001

Table 5. Hazard ratios for oesophageal cancer histological subtypes for in women exposed to HRT relative to matched controls

Oesophageal

adenocarcinoma p-value

Oesophageal squamous

cell carcinoma p-value

Indeterminate

oesophageal cancer p-value

Ever HRT 0.89 (0.28–2.82) p¼ 0.84 1.12 (0.32–4.2) p¼ 0.81 0.64 (0.32–1.29) p¼ 0.21

Current HRT 0.86 (0.27–2.76) p¼ 0.80 1.22 (0.32–4.65) p¼ 0.78 0.61 (0.30–1.23) p¼ 0.17

HRT 0–2 years 1.24 (0.20–7.70) p¼ 0.81 0.58 (0.05–6.42) p¼ 0.66 0.23 (0.06–0.88) p¼ 0.03

HRT 2–5 years 0.72 (0.17–3.02) p¼ 0.66 0.86 (0.12–6.31) p¼ 0.88 0.68 (0.29–1.58) p¼ 0.39

HRT 5–10 years 0.69 (0.20–2.32) p¼ 0.55 0.91 (0.23–3.57) p¼ 0.89 0.56 (0.27–1.15) p¼ 0.11
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an association with Barrett’s oesophagus (data not
shown).

Reflux oesophagitis

There were 2221 women with codes for reflux oesopha-
gitis in the HRT-exposed group compared with 1467 in
the unexposed group. Univariable analysis identified
that age, body mass index (BMI), smoking (current
and ex-smoking positively associated and never smok-
ing negatively associated), COPD, asthma, diabetes
mellitus, hypertension, ischemic heart disease, hysterec-
tomy, frequency of endoscopy and GP consultations,
beta-2 agonist and inhaled steroid therapy were asso-
ciated with reflux oesophagitis (Table 2). Multivariable
analysis identified age, BMI, ex-smoking status, COPD,
asthma, hypertension, ischemic heart disease, hysterec-
tomy and frequency of GP consultations were asso-
ciated with reflux oesophagitis (Table 3). These
variables were controlled for in subsequent analyses.

Both ‘ever’ HRT use (1.57 (1.45–1.70), p< 0.001) and
current HRT use (1.43 (1.24–1.65), p< 0.001) were asso-
ciated with reflux oesophagitis (Table 4). Analysis by
subtype of HRT suggested that ‘ever’ but not current
use of Tibolone was associated with reflux oesophagitis
(1.22(1.06–1.41, p¼ 0.01) but no association was found
with oestrogen, progesterone or combined HRT use and
reflux oesophagitis (data not shown). However, exclu-
sion of women who were on proton pump inhibitor
(PPI) therapy prior to their initial HRT prescription
weakened the association of HRT with reflux oesopha-
gitis (1.27 (1.12–1.43), p< 0.001). Furthermore, time-
dependent covariates revealed no association between
duration of HRT use and reflux oesophagitis (1.05
(0.97–1.14), p¼ 0.23). Finally, we examined whether
the association between HRT use and reflux oesopha-
gitis might relate to women being coded in primary care
with reflux oesophagitis based on acid reflux symptoms
rather than an endoscopic diagnosis. Selecting women
coded for both reflux oesophagitis and endoscopy and
who were not on PPI therapy prior to their HRT pre-
scription revealed no association between HRT use and
reflux oesophagitis on multivariable analysis (1.1 (0.81–
1.44)). This suggests an association between HRT use
and reflux symptoms rather than endoscopic reflux
oesophagitis.

Discussion

A lag of 17 years has been reported among women
developing oesophageal adenocarcinoma compared
with men, and this seems to coincide with the onset
of the menopause in women.2 We recently reported
an acceleration in the incidence of endoscopic reflux
oesophagitis in women after the age of 50, with the

incidence of reflux oesophagitis in women finally catch-
ing up with that in men by age 80.12 We hypothesized
that a lack of systemic oestrogen in post-menopausal
women may be responsible for this phenomenon by
providing some protection from reflux induced
damage prior to the menopause.

Oestrogen has been shown to have anti-inflamma-
tory properties with modulation of immune cell activity
including changes in cytokine production, cell activa-
tion and proliferation and wound healing.13–22

Oestrogen replacement in the form of HRT in post-
menopausal women may therefore potentially confer
a protective effect against oesophageal cancer by lessen-
ing the extent of oesophageal injury due to acid reflux
and therefore reducing the risk of Barrett’s oesophagus
and oesophageal adenocarcinoma.

In the present study, ‘ever’ use of HRT was not
associated with oesophageal cancer, as reported in a
previous study of HRT and oesophageal cancer.7

However, examining prolonged HRT use in the present
study revealed that HRT use for 5–10 years was asso-
ciated with a lower risk of oesophageal cancer. Time-
dependent covariates were used separately to determine
the effect of length of HRT use on the risk of oesopha-
geal cancer, and again using HRT for longer was asso-
ciated with a lower risk of oesophageal cancer. The
results of the present study are consistent with a
recently published nested case-control study within
the GPRD examining the effect of HRT use in
women over 50 years of age on the risk of oesophageal,
gastric and colorectal cancers.8 The authors reported a
negative association between oesophageal cancer and
ever use of HRT (0.68 (95%CI 0.53–0.88)).
Furthermore, a meta-analysis of four other studies
gave a summary relative risk of 0.68 (0.55–0.84) for
oesophageal cancer in HRT-exposed women.8

Our hypothesis would suggest that prolonged HRT
use would be associated with a larger reduction in the
incidence of oesophageal adenocarcinoma than
oesophageal squamous cell carcinoma. Unfortunately,
histological subtype data was only available on 41% of
oesophageal cancers. Consequently, the number of
cases was too small to identify significant associations
with different oesophageal cancer histological subtypes.
However, a meta-analysis of the influence of HRT on
oesophageal squamous cell carcinoma, oesophageal
adenocarcinoma and oesophageal cancer described
above reported similar reduced risks in studies of
oesophageal adenocarcinoma and oesophageal squa-
mous cell carcinoma with no significant heterogeneity.8

This suggests that HRT may potentially also mitigate
against the inflammatory injuries (e.g. smoking and
alcohol) that contribute to the aetiology of oesophageal
squamous cell carcinoma, as well as gastro-oesophageal
reflux injury in oesophageal adenocarcinoma.
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HRT use was modestly associated with codes for
reflux oesophagitis. An association between HRT use
and acid reflux symptoms has been described in a pro-
spective cohort study among women enrolled in the
Nurses Health Study, with a similar modest increased
risk in ever and current HRT users.23,24 Oestrogen-
only, combined HRT and selective oestrogen receptor
modulators (SERM) such as Raloxifene were all asso-
ciated with acid reflux symptoms despite adjusting for
BMI.24 A similar association between post-menopausal
HRT use and acid reflux symptoms has been reported
in population-based studies.25 This group also found an
association between post-menopausal HRT use and
endoscopic oesophagitis with increasing BMI.26

Oestrogen increases nitric oxide synthesis in smooth
muscle leading to smooth muscle relaxation in animal
models and in humans, and may consequently reduce
lower oesophageal sphincter pressure, which in turn
may potentially exacerbate gastro-oesophageal
reflux.27–30 There is, however, a strong possibility of
residual confounding in the association between HRT
and reflux oesophagitis. Reflux oesophagitis was asso-
ciated with the frequency of GP consultations and a
number of co-morbidities (e.g. hypertension and ische-
mic heart disease) with no clear aetiological link with
reflux oesophagitis. Although these associations were
adjusted for, it remains possible that reflux oesophagitis
is more likely to be diagnosed in women taking HRT,
as such women are more likely to report symptoms and
request investigation or treatment of symptoms, rather
than HRT contributing to the development of oesopha-
gitis. Excluding women who had taken a PPI prior to
HRT, suggesting a history of reflux symptoms, signifi-
cantly weakened the strength of the association.
Examining the effect of duration of HRT exposure
using time-dependent covariates on risk of reflux
oesophagitis revealed no association between the dur-
ation of HRT use and reflux oesophagitis, casting some
doubt on a causal association between HRT and reflux
oesophagitis. Finally, examination of a cohort of
women who had reflux oesophagitis diagnosed follow-
ing an endoscopy revealed no association between
HRT use and reflux oesophagitis, suggesting that
HRT use is associated with increased reporting of
reflux symptoms, which is then coded as reflux
oesophagitis in primary care.

The strengths of the present study include the cohort
design that allowed construction of a temporal
sequence of events in relation to HRT use and thereby
the examination of the effects of prolonged HRT use,
and the accuracy of recording of HRT prescription
data within the GPRD. However, the study has a
number of potential limitations. Data on important
etiological factors for oesophageal adenocarcinoma
were not available. Longstanding, frequent acid reflux

symptoms are associated with oesophageal adenocar-
cinoma.31 Although it was possible to control partly
for the influence of pre-existing acid reflux in the asso-
ciation of HRT with reflux oesophagitis by adjusting
for PPI therapy prior to starting HRT, it was not pos-
sible to accurately assess the influence of pre-existing
acid reflux in the association of HRT with oesophageal
cancer. Secondly, Helicobacter pylori is negatively asso-
ciated with the development of oesophageal adenocar-
cinoma, but data on H. pylori status is not available
within the GPRD.32 Information on oesophageal
cancer, Barrett’s oesophagus and reflux oesophagitis
and potential confounding factors were collected pro-
spectively in the GPRD, reducing the possibility of
reporting bias. The results for Barrett’s oesophagus in
the study population need to be interpreted cautiously.
The prevalence of Barrett’s oesophagus in the study is
very low and similar to the prevalence of oesophageal
cancer, suggesting under-reporting of Barrett’s
oesophagus by endoscopists or GPs from endoscopy
reports. Finally, although we found an inverse associ-
ation between prolonged HRT use and risk of oesopha-
geal cancer, the overall number of cancers was small,
which is reflected in the wide confidence intervals, and
necessarily affects the strength of our conclusions.

HRT use has been shown to reduce the incidence of
colorectal cancer by 20–30% in randomized trials and
observational data.8,33–35 However, HRT use is asso-
ciated with an increased risk of thromboembolic
events, and there is also an increased risk of breast,
endometrial and ovarian cancers.33 HRT use has there-
fore declined significantly in the last decade. The role of
oestrogen as an anti-inflammatory agent remains intri-
guing, and further study of the potential role of hor-
monal factors in the pathogenesis of oesophageal
adenocarcinoma is merited to better understand the
pronounced gender differences in this condition.

In conclusion, prolonged post-menopausal HRT use
appears to be associated with a reduced risk of
oesophageal cancer.
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