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Abstract
Background: The strong association of body mass index (BMI) with increased oesophageal adenocarcinoma risk is established, but its relation-
ship with oesophageal squamous cell carcinoma is less clear. There is little evidence regarding the association of abdominal adiposity with either
subtype.

Methods: In a large prospective cohort of women in the UK, mean age 56.2 [standard deviation (SD)¼4.9] years, we investigated the risk of oeso-
phageal adenocarcinoma and squamous cell carcinoma in relation to self-reported BMI, waist circumference (WC) and waist-hip ratio (WHR), using
Cox regression to estimate adjusted relative risks (RR) and 95% confidence intervals (CIs), taking account of potential reverse causation bias.

Results: During mean follow-up of 17.7 (SD¼4.9) years, 1386 adenocarcinomas and 1799 squamous cell carcinomas of the oesophagus
were registered among 1 255 529 women. Compared with women of BMI 22.5 to <25 kg/m2, those with BMI�35 kg/m2 had a 2.5-fold risk of
adenocarcinoma (adjusted RR¼2.46, 95% CI¼1.99–3.05) and an almost 70% reduction in risk of squamous cell carcinoma (RR¼0.32,
95% CI¼0.22–0.46). These associations were broadly similar in each 5-year follow-up period, and were evident in both never and ever smokers,
although somewhat stronger for squamous cell carcinoma among current and past smokers than in never smokers (Pheterogeneity¼0.007). After
controlling for BMI, WC and WHR were associated with risk of squamous cell carcinoma but not adenocarcinoma.

Conclusions: In this population of middle-aged women, there was robust evidence that greater BMI is associated with an increased risk of
oesophageal adenocarcinoma and a reduced risk of squamous cell carcinoma.
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Introduction

Oesophageal cancer accounts for about 3% of cancers and
about 6% of cancer deaths,1 worldwide. Almost 80% of
oesophageal cancers worldwide occur in Asia,1 where squa-
mous cell carcinomas account for the vast majority of cases
(70–90%).2 In Western populations, overall incidence rates
are lower2 and, whereas rates of squamous cell carcinoma
have decreased over recent decades, rates of adenocarcinoma
have increased,3 such that in 2019, adenocarcinomas
accounted for about two-thirds of all oesophageal cancers in
England.4

Given its relatively low incidence, most epidemiological
studies of adiposity and oesophageal cancer have been retro-
spective and therefore prone to differential recall of exposures
between individuals who have been diagnosed with cancer
and those that have not. Case-control studies are also prone
to reverse causation bias, whereby individuals with cancer ex-
perience weight loss prior to diagnosis due to conditions pre-
disposing to oesophageal cancer or to the cancer itself. The
few prospective studies that have examined adiposity in rela-
tion to risk of oesophageal cancer subtypes have tended to re-
port positive associations between body mass index (BMI)
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and adenocarcinoma,5–9 whereas some have reported inverse
associations with squamous cell carcinoma.5–7,10–12 There is
little evidence as to whether associations with risk of oesopha-
geal cancer differ by markers of body fat distribution. The
causal relevance of the findings for squamous cell carcinoma
remains unclear however, since associations based on
prospective data, particularly in the short term, may still be
subject to reverse causation bias. Previous studies have lacked
sufficient case numbers and length of follow-up to reliably ac-
count for this potential bias.

We present findings from a cohort of 1.3 million middle-
aged women in the UK, the Million Women Study,13 on the
relationship between BMI and abdominal adiposity and risk
of oesophageal cancer subtypes, taking careful account of po-
tential reverse causation and confounding, particularly by
smoking and alcohol consumption, which are less common in
obese women and known to increase the overall risk of oeso-
phageal cancer.14

Methods
Data collection, follow-up and definitions

In median year 1998 [interquartile range (IQR) 1998–99], the
Million Women Study recruited 1.3 million women through
the National Health Service (NHS) Breast Screening
Programme.13 Women aged 50–64 [mean 56.2 years, stan-
dard deviation (SD) 4.9 years] were sent a recruitment ques-
tionnaire with their invitation to routine screening (asking
about sociodemographic, anthropometric, lifestyle and health
factors) and have since been resurveyed at approximately
3–5 year intervals. Women were followed up for deaths, can-
cer registrations and hospital admissions, via electronic link-
age to routinely collected NHS data. Questionnaires and
information on data access can be viewed at [http://www.mil
lionwomenstudy.org]. All participants gave written consent
for re-contact and for follow-up through screening clinic and
other medical records.

Oesophageal cancer was coded as C15, using the
International Classification of Diseases 10th Revision15

(ICD-10). Classification by subtype was based on the
International Classification of Diseases for Oncology (ICD-O)
morphology coding16,17 (Supplementary Methods, available
as Supplementary data at IJE online).

In all analyses, BMI was calculated using self-reported
weight at the relevant baseline survey and self-reported height
at recruitment. Abdominal adiposity indices were based on
waist and hip measurements first reported at the survey in me-
dian year 2001 (IQR 2000–03). Clinical measurements of an-
thropometric variables in a subsample of participants have
been shown to be strongly correlated with corresponding self-
reported measures.18

Statistical analysis

The baseline for analyses of BMI and risk of oesophageal can-
cer subtypes was the recruitment questionnaire, completed in
median year 1998. Women were excluded if they had any pre-
vious registration for malignant cancer (other than non-
melanoma skin cancer, C44). Person-years were calculated
from baseline to the first of: any malignant cancer (other than
C44); death; emigration or other loss to follow-up; end of
follow-up (31 December 2018).

We used Cox regression models, with time in study as the
underlying time variable, to estimate hazard ratios (herein

referred to as relative risks) and 95% confidence intervals
(CIs) for adenocarcinoma and squamous cell carcinoma of
the oesophagus by BMI (primarily categorized as <22.5,
22.5–<25 (reference), 25–<27.5, 27.5–<30, 30–<32.5,
32.5–<35, 35þ kg/m2). The proportional hazards assump-
tion was assessed by use of tests based on Schoenfeld resid-
uals; there was no evidence of a violation of this assumption.
All statistical tests were two-sided.

Analyses were stratified by year of birth and year of recruit-
ment, and adjusted for region, socioeconomic status, alcohol,
smoking, oral contraceptive (OC) use, menopausal hormone
therapy (MHT) use, menopausal status and age, strenuous ex-
ercise, parity and age at menarche (Supplementary Methods).
Since the effect of smoking on squamous cell carcinoma has
been shown to differ by alcohol intake,19,20 we fitted a com-
bined variable for joint status with respect to fine categories
of smoking and alcohol in the model. All adjustment variables
included a separate category for missing data.

In analyses involving more than two exposure categories,
results in tables and figures are reported in the form of group-
specific confidence intervals, based on the variance of the log
risk for each group,21,22 with conventional 95% CIs given in
the text. Trends in risk per five-unit increment in BMI were
corrected for measurement error by assigning a median mea-
sured BMI to each baseline category of self-reported BMI, us-
ing data from the substudy in 2008,18 and treating this
variable as continuous (Supplementary Methods).

To investigate the potential impact of weight loss, caused
by the cancer prior to diagnosis, on the association between
BMI and oesophageal cancer, risk was examined in 5 year
periods of follow-up time. Subsequent analyses excluded the
first 5 years of follow-up to minimize any resulting impact.

The potential impact on the main findings of residual con-
founding by known risk factors was assessed by examining
associations between BMI and oesophageal cancer by
smoking status, alcohol intake and joint smoking and alcohol
status, and by investigating the effect of individual adjustment
for smoking and other potential confounders on the v2 statis-
tic relating to BMI (RR per 5 kg/m2) (Supplementary
Methods). To assess potential interactions with other factors,
we examined summary trends in risk per 5 kg/m2 increase in
BMI in subgroups defined by eight other personal
characteristics.

Sensitivity analyses investigated restricting adenocarcinoma
diagnoses to ‘adenocarcinoma not otherwise specified’ and
‘adenocarcinoma of the gastro-oesophageal junction’ due to
potential misclassification, and adjusting for self-reported evi-
dence of gastro-oesophageal reflux (GORD) (Supplementary
Methods).

The baseline for analyses of abdominal adiposity and oeso-
phageal cancer risk was the survey in median year 2001.
These analyses examined risk �5 years after this baseline,
with the same censoring, stratification and adjustment criteria
as described previously (Supplementary Methods). We ini-
tially compared RRs per 1-SD of BMI, waist circumference
(WC) and waist-hip-ratio (WHR), using the median of the re-
measured standardized values within each quartile; then we
assessed the extent to which any associations of abdominal
adiposity measures with risk were independent of the effect of
overall adiposity (BMI) using the residual method23

(Supplementary Methods).
All analyses were performed using Stata version 17.1

(StataCorp, College Station, TX).
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Results

After excluding women with previous cancer (n¼ 39 317),
and those missing BMI at recruitment (n¼ 69 422), there
were 1 255 529 women in the main BMI analyses (see
Supplementary Figure S1, available as Supplementary data at
IJE online). During an average follow-up of 17.7 years, there
were 1386 incident cases of adenocarcinoma and 1799 cases
of squamous cell carcinoma. Obese women (BMI�30 kg/m2)
were less likely to be smokers, drink alcohol, be past users of
oral contraceptives, current users of MHT or do regular stren-
uous exercise, and had slightly lower socioeconomic status
and earlier age at menarche, than women of BMI<25 kg/m2

(Table 1).
There was a clear increase in the risk of oesophageal adeno-

carcinoma with increasing BMI (Figure 1), with a 2.5-fold
risk for women of BMI�35 kg/m2 compared with women of
BMI 22.5–<25 kg/m2 (RR¼ 2.46, 95% CI¼ 1.99–3.05). In
contrast, oesophageal squamous cell carcinoma risk decreased
substantially with increasing BMI, such that women with
BMI�35 kg/m2 had a 68% reduction in risk (RR¼ 0.32,
95% CI¼0.22–0.46, versus BMI 22.5–<25 kg/m2).

There was a slightly smaller positive association of BMI
with adenocarcinoma risk, and a slightly greater inverse asso-
ciation with squamous cell carcinoma risk, in the first 5 years
(RRs per 5 kg/m2¼ 1.36 and 0.49, respectively) compared
with each of the subsequent follow-up periods (RRs¼ 1.64,
1.51, 1.58 and 0.57, 0.61, 0.55, respectively) (Figure 2). To
minimize any potential impact of reverse causation on the
short-term findings, subsequent analyses focused on associa-
tions with risk in the period 5 or more years after baseline.

Similar positive and inverse associations of BMI with oeso-
phageal adenocarcinoma and squamous cell carcinoma, re-
spectively, were observed in women with different smoking
habits (Figure 3a) and different alcohol intakes (Figure 3b), al-
though there was a greater inverse association with squamous
cell carcinoma in current and past than in never smokers
(Pheterogeneity¼ 0.007). Strong associations were also evident

in subgroups of women categorized according to both smok-
ing and alcohol intake (Supplementary Figure S2, available as
Supplementary data at IJE online). In further assessments of
the impact of residual confounding by these and other factors,
adjustment for smoking and alcohol had the biggest impact
on estimated RRs per 5 kg/m2, but simultaneous adjustment
for all factors considered had a relatively modest effect on the
v2 values associated with the BMI association (the v2 value
was reduced by 9.4% for adenocarcinoma and by 16.2% for
squamous cell carcinoma after adjustment for all potential
confounders) (Supplementary Table S1, available as
Supplementary data at IJE online), indicating that the ob-
served associations are unlikely to be unduly influenced by re-
sidual confounding by known confounders.

Analyses of summary trends in risk of each subtype within
subgroups defined by joint smoking and alcohol status, and
eight other personal characteristics, are shown in Figure 4.
There was generally little evidence of any material variation
in BMI-associated risks by any of the characteristics.
However the BMI-associated risks for squamous cell carci-
noma were slightly stronger in current smokers, as noted pre-
viously, and the BMI-associated risks for adenocarcinoma
were slightly greater for those aged <70 years than those aged
70þ years (Pheterogeneity¼0.009) (Figure 4).

Analyses restricted to adenocarcinoma not otherwise speci-
fied (NOS) (ICD-O 81403) yielded similar findings (RR
per 5 kg/m2¼ 1.58, 95% CI¼ 1.46–1.70, based on 1085
cases), as did analyses restricted to adenocarcinoma of
the gastro-oesophageal junction (ICD-10 C160) (RR per 5 kg/
m2¼ 1.38, 95% CI¼ 1.24–1.53, based on 568 cases). There
were very few (33) cases of squamous cell carcinoma of the
gastro-oesophageal junction but there was some evidence of a
reduced risk per 5 kg/m2 increase in BMI (RR¼ 0.51, 95%
CI¼ 0.30–0.86).

Based on BMI reported at the survey in median year 2006,
the estimated BMI-associated risk of adenocarcinoma of 1.53
(95% CI¼ 1.35–1.73) per 5 kg/m2 was somewhat attenuated

Table 1. Characteristics of the study population by BMI categories

Characteristic BMI All women Women

with

adenocarcinoma

Women with

squamous

cell carcinoma<25 kg/m2 25–<30 kg/m2 30þ kg/m2

n (%) 584 515 (46.6) 447 030 (35.6) 223 984 (17.8) 1 255 529 (100) 1386 (0.1) 1799 (0.1)
Age (years), mean (SD) 55.9 (4.9) 56.4 (4.9) 56.2 (4.8) 56.2 (4.9) 57.5 (5.0) 57.8 (5.0)
BMI ( kg/m2), mean (SD) 22.6 (1.7) 27.1 (1.4) 34.0 (3.8) 26.2 (4.7) 28.1 (5.2) 24.2 (4.0)
Highest socioeconomic

quintile, n (%)
131 595 (22.7) 87 993 (19.8) 34 232 (15.4) 253 820 (20.4) 220 (15.9) 364 (20.4)

Current smoker, n (%) 125 284 (21.6) 80 606 (18.2) 34 557 (15.5) 240 447 (19.3) 413 (31.4) 607 (39.0)
Alcohol (drinks per week)

among drinkers, mean (SD)
6.6 (5.5) 6.1 (5.4) 5.5 (5.3) 6.3 (5.5) 5.7 (5.4) 8.2 (7.1)

Non-drinkers, n (%) 179 910 (31.0) 157 245 (35.4) 103 420 (46.6) 440 575 (35.3) 599 (43.8) 665 (37.2)
Ever used OC, n (%) 357 775 (61.8) 257 832 (58.3) 123 540 (55.9) 739 147 (59.5) 718 (52.4) 946 (53.2)
Current MHT use, n (%) 210 572 (36.4) 145 065 (32.8) 61 747 (27.9) 417 384 (33.6) 380 (27.7) 507 (28.6)
Strenuous exercise at least

twice per week, n (%)
142 337 (25.2) 83 642 (19.4) 30 334 (14.1) 256 313 (21.1) 224 (16.8) 385 (22.3)

Parity, mean (SD) 2.1 (1.2) 2.2 (1.2) 2.4 (1.4) 2.2 (1.2) 2.3 (1.4) 2.1 (1.3)
Age at menarche (years),

mean (SD)
13.2 (1.6) 12.9 (1.6) 12.6 (1.6) 13.0 (1.6) 12.8 (1.7) 13.1 (1.6)

Postmenopausal, n (%) 414 995 (84.7) 328 034 (86.3) 160 825 (84.6) 903 854 (85.2) 1110 (89.9) 1521 (94.0)
Oesophageal cancers, n (%)

Adenocarcinoma 435 (0.07) 527 (0.1) 424 (0.2) 1386 (0.1)
Squamous cell carcinoma 1151 (0.2) 516 (0.1) 132 (0.06) 1799 (0.1)
Other 190 (0.03) 125 (0.03) 71 (0.03) 386 (0.03)

BMI, body mass index; OC, oral contraceptive; MHT, menopausal hormone therapy; SD, standard deviation.
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after adjustment for self-reported factors relating to GORD
(heartburn, use of Losec/Zoton and difficulty swallowing)
(RR¼ 1.38, 95% CI¼ 1.22–1.56); this change was mainly
driven by adjustment for self-reported heartburn.

Abdominal adiposity analyses were based on 478 769
women who provided information at the survey in median
year 2001 on BMI, WC and WHR, of whom 351 and 605 de-
veloped adenocarcinoma and squamous cell carcinoma, re-
spectively, over 5 years later. The RRs per 1-SD of each
adiposity index were broadly similar (Table 2). In analyses us-
ing the residual method to adjust for BMI, neither WC nor
WHR were independently associated with adenocarcinoma
risk (Ptrend¼ 0.3 and Ptrend¼0.06 for WC and WHR, respec-
tively), but WC and WHR were associated with squamous
cell carcinoma (Ptrend<0.001 for WC and Ptrend¼ 0.005 for
WHR) (Table 2). There were insufficient cases diagnosed 5 or
more years after baseline to reliably assess interactions with
smoking and alcohol in associations of abdominal adiposity
with risk of either subtype.

Discussion

In this large cohort of UK women, we found a marked posi-
tive association of BMI with adenocarcinoma of the

oesophagus and a similar inverse association of BMI with
squamous cell carcinoma. These associations were broadly
consistent across follow-up periods and were also evident in
never smokers and non-drinkers. Greater WC and WHR
appeared to be associated with a reduction in squamous cell
carcinoma risk independently of BMI, but had little additional
effect on the risk of adenocarcinoma.

Findings from prospective studies have consistently
reported increased risks of oesophageal adenocarcinoma
ranging from 2- to 4-fold for those in the highest category of
BMI compared with those of ‘normal’ BMI,5–9,11,24 but these
have generally been based on small numbers of cases, espe-
cially among women. After taking account of potential re-
verse causation, which could lead to underestimation of the
effect of BMI, we observed a 2-fold increased risk in women
of BMI 30þ compared with BMI 22.5–<25 kg/m2

(RR¼ 2.29, 95% CI¼ 1.94–2.70), based on more than 10
times as many cases in women as in any previous cohort.

There is comparatively little evidence regarding the associa-
tion of BMI with squamous cell carcinoma in European popu-
lations,5,7,11,24 although several small studies have reported
an inverse association. The largest study in women5 reported
a 57% risk reduction associated with BMI�30 kg/m2 com-
pared with BMI 18.5–24.9 kg/m2 (RR¼ 0.43, 95%
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Median Remeasured BMI 22.1 25.0 27.5 30.3 32.7 35.0 37.9
Adenocarcinoma (n=1386)
cases 161 274 293 234 159 136 129
Relative risk 0.82 1.00 1.29 1.59 1.87 2.78 2.46
gsCI (0.70-0.96) (0.89-1.13) (1.15-1.44) (1.40-1.80) (1.60-2.18) (2.34-3.29) (2.06-2.93)
Squamous Cell Carcinoma (n=1799)
cases 613 538 345 171 69 33 30
Relative risk 1.55 1.00 0.78 0.61 0.43 0.37 0.32
gsCI (1.42-1.69) (0.92-1.09) (0.70-0.87) (0.53-0.71) (0.34-0.55) (0.26-0.51) (0.22-0.46)

Figure 1. Relative risk of adenocarcinoma and squamous cell carcinoma of the oesophagus by BMI in all women. RR stratified by year of birth and year of

recruitment; adjusted for joint smoking and alcohol status, OC use, MHT use, exercise, parity, menopausal status and age, age at menarche, region and

socioeconomic status. RR, relative risk; (gs)CI, (group-specific) confidence interval; BMI, body mass index; OC, oral contraceptive; MHT, menopausal

hormone therapy
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CI¼ 0.32–0.59; Ptrend<0.001) but did not adjust for key con-
founders such as smoking and alcohol intake. Some large
Asian studies also found substantial inverse associations be-
tween BMI and oesophageal cancer,10,12,25 the vast majority
of which are likely to have been squamous cell carcinomas.2

These studies, which were unable to take full account of re-
verse causation or residual confounding, reported somewhat
smaller reductions in risk; however, cases in the Asian studies
are likely to have included a small proportion of adenocarci-
noma, for which risk is increased with increasing BMI. The
causal relevance of any apparent inverse association of BMI
with squamous cell carcinoma in previous studies has been
hitherto unclear, since few had sufficient power or follow-up
to rule out substantial bias from residual confounding due to
smoking, or reverse causation due to the effect of early symp-
toms on weight. Two Chinese prospective studies reported in-
verse associations in never smokers,10,25 and the only
previous study to assess the impact of excluding at least
5 years of follow-up reported a 50–60% reduction in risk per
5 kg/m2 but did not adjust for major confounders.5 In con-
trast, we demonstrated a clear reduction in squamous cell car-
cinoma risk with increasing BMI after adjustment for all
likely confounders, in subgroups of women defined by both
smoking and alcohol status, and after exclusion of up to 15
years of follow-up, thus providing the strongest evidence to
date for a causal association.

Studies of abdominal adiposity (namely WC and WHR)
have tended to report positive associations with adenocarci-
noma risk,8,11,24,26–28 though few have demonstrated associa-
tions specifically in women.24 When overall adiposity was
taken into account (via adjustment for BMI or hip circumfer-
ence), these associations remained strong.8,11,24,27 Previous
studies of abdominal adiposity and squamous cell carcinoma
in Western populations have included <200 cases in total,
with even fewer among women, and found little evidence of
an association,11,24,26,27 whereas two Asian studies10,29

reported inverse associations for WC after adjustment for
non-adiposity related factors, one of which reported a positive
association with WC after additional adjustment for BMI.29

Given the high correlation between indices of abdominal and
total adiposity, it is difficult to interpret associations of each
index with risk, after mutual adjustment for other indices.
Our residual-based analyses should minimize such biases, and
the findings indicate little additional association of abdominal
adiposity with adenocarcinoma risk after controlling for BMI,
but do suggest that abdominal adiposity may be particularly
important in determining squamous cell carcinoma risk
(Table 2).

The association of BMI with oesophageal adenocarcinoma
risk is thought to be largely (but not wholly30,31) due to the
intermediate association with gastro-oesophageal reflux
(GORD). Although abdominal adiposity is considered to be a

20 25 30 35

0.25

0.5

1.0

2.0

4.0
R

el
at

iv
e 

ris
k 

(9
5%

gs
C

I)

BMI (kg/m²)

A <5 years follow-up
Adenocarcinoma

RR per 5kg/m² = 1.36 (1.11-1.67)

Squamous Cell Carcinoma
RR per 5kg/m² = 0.49 (0.41-0.59)

20 25 30 35

0.25

0.5

1.0

2.0

4.0

R
el

at
iv

e 
ris

k 
(9

5%
gs

C
I)

BMI (kg/m²)

B 5-<10 years follow-up
Adenocarcinoma

RR per 5kg/m² = 1.64 (1.41-1.91)

Squamous Cell Carcinoma
RR per 5kg/m² = 0.57 (0.49-0.66)

20 25 30 35

0.25

0.5

1.0

2.0

4.0

R
el

at
iv

e 
ris

k 
(9

5%
gs

C
I)

BMI (kg/m²)

C 10-<15 years follow-up
Adenocarcinoma

RR per 5kg/m² = 1.51 (1.34-1.70)

Squamous Cell Carcinoma
RR per 5kg/m² = 0.61 (0.53-0.69)

20 25 30 35

0.25

0.5

1.0

2.0

4.0

R
el

at
iv

e 
ris

k 
(9

5%
gs

C
I)

BMI (kg/m²)

D 15+ years follow-up
Adenocarcinoma

RR per 5kg/m² = 1.58 (1.42-1.76)

Squamous Cell Carcinoma
RR per 5kg/m² = 0.55 (0.49-0.62)

Figure 2. Relative risk of adenocarcinoma and squamous cell carcinoma of the oesophagus by BMI, in different follow-up periods. RR stratified by year of

birth and year of recruitment; adjusted for joint smoking and alcohol status, OC use, MHT use, exercise, parity, menopausal status and age, age at

menarche, region and socioeconomic status. RR, relative risk; g(s)CI, (group-specific) confidence interval; BMI, body mass index; OC, oral contraceptive;

MHT, menopausal hormone therapy
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bigger risk factor for GORD than overall adiposity,30,32 nei-
ther WC nor WHR appeared to be associated with increased
adenocarcinoma risk in these data, after accounting for BMI.
Given that the association between BMI and adenocarcinoma
was only slightly attenuated after adjustment for reflux symp-
toms, it is also possible that the effect of BMI is not entirely
due to its effect on GORD, although it may also be that we
were unable to adequately capture and adjust for previous ex-
posure to GORD. It has been posited that adiposity may af-
fect adenocarcinoma risk through other pathways, such as
inflammation or insulin-like growth factor 1 (IGF1),33–35 but
direct evidence for such mechanisms remains limited.

Although these data provide convincing evidence for an in-
verse association between BMI and squamous cell carcinoma,
the reasons for such an association are unknown. The rela-
tively high squamous cell carcinoma rates among those with
low BMI, particularly in Asian populations, have been attrib-
uted to malnutrition,36,37 although there is limited evidence
for a role of dietary factors in squamous cell carcinoma
risk,14,38 and the approximately linear nature of the observed
association does not appear to support this hypothesis. A pre-
vious study of squamous cell carcinoma of the head and neck
reported greater associations of smoking and/or alcohol in-
take with risk in those with low BMI,39 leading to an appar-
ent inverse association of BMI with risk of such cancers in
populations which included smokers. Our finding, however,
of an inverse association of BMI with squamous cell carci-
noma risk in women who were never smokers and non-
drinkers indicates that BMI is not merely attenuating the

effects of smoking and alcohol. The greater inverse associa-
tions of BMI with squamous cell carcinoma observed here for
past and current smokers could be due, at least in part, to im-
perfect adjustment for smoking patterns in smokers.
Although empirical evidence for specific mechanisms is
sparse, estrogen has been hypothesized to protect against
squamous cell carcinoma,40 which would be consistent with
our findings, given that adiposity is associated with increased
serum estradiol levels after the menopause.41,42

To our knowledge, this is the largest prospective study of
adiposity and oesophageal subtypes in a European popula-
tion. The range of exposure information available allowed for
adjustment for all known confounders, as well as assessment
of the potential for residual confounding by smoking and
other risk factors. The large number of cases and extremely
long follow-up meant that we could exclude the possibility
that the observed associations were due to reverse causation.
Although we used self-reported measures to assign women to
categories of each anthropometric measure at baseline, a vali-
dation study in �4000 participants18 found good agreement
between self-reported measures at baseline and those mea-
sured by clinicians up to 9 years later, and estimated trends
were also corrected for measurement error by using these
measured values. Although our findings suggest that the effect
of BMI on adenocarcinoma risk is not entirely mediated by
GORD, we did not have detailed information on GORD
symptoms, and it is possible that adjustment for severity or
duration of GORD could have resulted in greater attenuation
of BMI-associated risks. A further limitation of our study is
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Figure 3. Relative risk of adenocarcinoma and squamous cell carcinoma of the oesophagus by BMI, in (a) never, past and current smokers and (b) non-
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that it is restricted to European women, and as such the find-
ings are not necessarily generalizable to other populations.

Conclusion

In this comprehensive study of adiposity and the two main
histological subtypes of oesophageal cancer in middle-aged
UK women, we found robust evidence that greater BMI
increases the risk of adenocarcinoma and decreases the risk of
squamous cell carcinoma. Further work is needed to under-
stand the mechanisms underlying the opposite effects of adi-
posity on these cancer subtypes.
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RR1 per 1-SD BMI 351 1.55 (1.35–1.78) 605 0.64 (0.57–0.72)
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