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Summary The incidence of adenocarcinoma of the oesophagus in British women is among the highest in the world. To investigate its
aetiology, we conducted a multi-centre, population based case—control study in four regions in England and Scotland. We included 74 incident
cases in women with histologically confirmed diagnoses of adenocarcinoma of the oesophagus, and 74 female controls matched by age and
general practice. High body mass index (BMI) around the age of 20 years (highest vs lowest quartile, adjusted odds ratio (OR) = 6.04, 95%
confidence interval (Cl) 1.28-28.52) and low consumption of fruit (highest vs lowest quartile, adjusted OR = 0.08, 95% CI 0.01-0.49) were
associated with increases in risk. Breastfeeding by women was associated with reduced risk of their subsequently developing this cancer
(ever vs never, adjusted OR = 0.41, 95% CI 0.20-0.82) and there was a significant dose—response effect with total duration of breastfeeding.
The summary population attributable risk from these three factors was 96% (90% if breastfeeding is excluded). We conclude that high BMI in
early adulthood and low consumption of fruit are important risk factors for adenocarcinoma of the oesophagus. Breastfeeding may confer a
protective effect but this needs confirmation. This cancer is a largely preventable disease in women. © 2000 Cancer Research Campaign
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Adenocarcinoma of the oesophagus has been increasing in incire reported here. Cases were identified through pathology depart-
dence in most developed countries in the last two decades (Powelents, treating clinicians and cancer registries and all tumours
and McConkey, 1990; Blot et al, 1991). The incidence of thiswere histologically confirmed. Care was taken to exclude tumours
condition in British women is among the highest in the world, withestablished as arising in the cardia of the stomach but a small
half of all cases in Europe occurring in the UK (Black et al, 1997)number of cases of those arising at the gastro-oesophageal junc
Previous studies, which had predominantly included men, haton may be included.
identified obesity, diet low in fruit and vegetables, and smoking as Cases were accrued over a 2-year period in each study region
the main risk factors (Brown et al, 1995; Vaughan et al, 1995between 1993 and 1996. A single female control was matched to
Gammon et al, 1997; Chow et al, 1998; Lagergren et al, 1999gach case by age (within 5 years) and general practice. Potentia
Little is known about the causes of this cancer in women. Here weontrols were randomly selected using the Family Health Service
report a multi-centre, population-based case—control study amorfguthority (FHSA) or Health Board primary care registers. Eligible
British women together with an estimate of the overall populatiorcontrols who declined to take part were replaced.
attributable risk of important risk factors in a multivariate fashion. Women were approached with consultant or General
Practitioner (GP) permission and asked for a personal interview.
Trained interviewers used a standard form to conduct interviews
either in hospital or at home. Information was collected on
This population-based case—control study was conducted in tfewciodemographic characteristics, smoking, alcohol, tea and
former Regional Health Authorities (RHA) of East Anglia and coffee consumption, diet, previous medical and obstetric histories,
Oxford, part of Trent RHA and Eastern Scotland covering theand a number of other factors, including weight, height and use of
Health Boards of Highland, Grampian, Tayside, Fife, Lothian and/itamin supplements. Smoking was measured in pack years and
Forth Valley. Ethical approval was given by all the local researchotal years of smoking whilst units of alcohol were categorized by
ethics committees. average weekly and total lifetime consumption. A dietary ques-
Cases comprised all women aged under 75 years of age (80@nnaire was used to obtain information for recent diet (3 years
years in Trent) resident in the study areas at the time of their diagrior to interview) and at age 30 years. Consumption of fresh fruit,
nosis with oesophageal cancer. Results on adenocarcinoma ordglad and vegetables was assessed by questions on food frequenc
Categories for analysis were based on quartiles of the frequency of

METHODS

Received 4 January 2000 consumption per week among all controls (including those for
Revised 26 January 2000 cases of other histological diagnoses). Only results on recent diet
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Table 1 Age and social class of cases and controls

No. of

Controls ( n=74) Cases (n=74)

Age

<50 5 4

50-59 12 14

60-69 26 29

=70 31 27

OR (95% Cl)

Social class

&Il 38 31 1

A 6 7 1.36 (0.42-4.37)

B 18 23 1.69 (0.73-3.89)

V&V 9 12 1.96 (0.58-6.64)
Armed forces 3 1 0.48 (0.05-4.96)

Table 2 Unadjusted ORs for adenocarcinoma of the oesophagus according to dietary factors

Variable No. of OR (95% ClI) P for trend

Controls Cases

Usual breakfast pattern

No breakfast 6 8 1

Cooked breakfast 17 28 1.09 (0.35-3.42)

Other type of breakfast 51 38 0.56 (0.18-1.70) -
All vegetables* (items per week)

Q,:0-15.37 14 18 1

Q,:15.38-19.77 22 21 0.73 (0.28-1.94)

Q,:19.78-25.89 19 21 0.84 (0.31-2.33)

,:225.90 19 14 0.58 (0.22-1.55) 0.371

All salad vegetables (items per weeks)

Q,:0-6.44 21 26 1

Q,:6.45-11.46 21 23 0.93 (0.42-2.04)

Q,:11.47-17.11 15 19 1.09 (0.43-2.79)

Q,217.12 17 6 0.31 (0.10-0.92) 0.083
Total fruit (items per week)

Q,:0-12.00 18 31 1

Q,:12.01-18.04 17 17 0.46 (0.16-1.31)

Q,:18.05-25.72 18 18 0.44 (0.14-1.41)

,:225.73 21 8 0.18 (0.05-0.57) 0.003

Fruit juice

Never 21 26 1

<1/day 27 30 0.88 (0.40-1.94)

1/day 8 9 0.86 (0.27-2.69)

>1/day 18 9 0.40 (0.14-1.11) 0.086
Tea (volume per day)

Never/<1/day 7 9 1

<6 dcl 30 30 0.83 (0.26-2.63)

7-11 dcl 19 24 0.95 (0.30-3.08)

212 dcl 18 1 0.49 (0.14-1.72) 0.309
Coffee (volume per day)

Never/<1/day 22 22 1

<3 dcl 25 15 0.65 (0.27-1.53)

4-7 dcl 12 15 1.62 (0.53-4.94)

>8 dcl 15 22 1.95 (0.68-5.57) 0.158
Preference of temperature of tea or coffee

Warm 15 20 1

Hot 42 42 0.75 (0.32-1.76)

Very/burning hot 17 12 0.51 (0.18-1.45) 0.202

* Except potatoes and salad vegetables

Daily beverage consumption was estimated in decilitres for tea, Of the 416 cases we identified as eligible, 256 (62%) cases were
coffee, other hot drinks and the temperature at the time of drinkingpterviewed. Being too ill to be interviewed was the reason in the
reported as burning hot, hot and warm. majority of those we failed to recruit. The histological diagnoses
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Table 3 Unadjusted ORs for adenocarcinoma of the oesophagus according to smoking and alcohol drinking habits

Variable No. of OR (95% ClI) P for trend
Controls Cases

Ever taken as much as one alcoholic drink per month

No 14 22 1

Yes 60 52 0.38 (0.14-1.08) -
Total lifetime alcohol consumption (units)

Non-drinker 14 22 1

<2880 20 18 0.42 (0.14-1.24)

2881-8312.4 21 17 0.32 (0.09-1.11)

28312.5 18 16 0.37 (0.11-1.25) 0.1542

Not known 1 1
Average weekly alcohol consumption over lifetime (units/week)

Non-drinker 14 22 1

<2 25 26 0.44 (0.15-1.29)

2-13.99 32 22 0.28 (0.09-0.90)

214 2 3 0.66 (0.08-4.96) 0.0742

Not known 1 1
Smoking status

Never smoked 28 27 1

Ex-smoker 35 33 0.99 (0.53-1.87)

Current smoker 11 14 1.37 (0.51-3.70) 0.642
Total years of smoking

Never smoked 28 27 1

Ex-smoker 35 33 1.00 (0.53-1.91)

<37.68 6 2 0.22 (0.02-2.00)

37.69-48.57 3 6 2.15 (0.38-12.06)

248.58 2 6 3.00 (0.58-15.64) 0.166°
Pack-years

Never smoked 28 27 1

Ex-smoker 35 32 1.00 (0.53-1.91)

<16.63 6 2 0.42 (0.08-2.24)

16.64-32.02 2 5 2.26 (0.41-12.51)

232.03 2 7 5.48 (0.63-47.93) 0.07230

Not known 1 1

aSubjects with missing values and their matched cases/controls are excluded. "Never and ex-smokers combined.

among cases were as follows: 159 (62.1%) had squamous celffect. There was also a clear linear treRd=(0.003). For use of
carcinomas, 74 had adenocarcinoma (28.9%) and 23 (9.0%) wesalad and fruit juice, there was a suggestion of a protective effect
of other histologies. The response rate for first choice controls wasith high intake. The trends for both were of borderline statistical
65%. significance.

Data were analysed using conditional logistic regression with  Smoking and alcohol drinking were not significantly associated
the use of EGRET (Statistics and Epidemiology Researchvith risk (Table 3), although there was a suggestion that long
Corporation, 1992) to produce odds ratios (OR), 95% confidencduration of smoking and high number of pack years may carry
intervals (Cl),P-values and deviancg? tests for effects. Dose— an increase in risk. At univariate level, alcohol drinking was
response relationships were tested for trend (Breslow and Dagssociated with a statistically insignificant reduction in risk.

1980). Population attributable risks were estimated using the Body mass index (BMI) at about the age of 20 years was posi-
methods of Bruzzi et al (1985). tively associated with risk (Table 4). Having ever breastfed carried
a reduced risk and there was stronger protection with total duration
of breastfeeding longer than 6 months (median value among those
who had breastfed). A history of ever being diagnosed as having
The geographical distribution of the 74 cases was as follows: 31 idiabetes mellitus was associated with an elevated risk of border-
Eastern Scotland, 14 in East Anglia, 16 in Trent and 13 in Oxfordine statistical significance. More cases than controls had a history
Table 1 shows the age and social class distribution of the cases asfdindigestion, especially of longer duration. There was some
controls. The mean ages of cases and controls were 65.9 years @avitlence of a protective effect of regular aspirin use but this did
65.3 years respectively. There was a moderate but statisticallyot reach statistical significance.

insignificant increase in risk from social classes | and Il to IV and Table 5 shows the results of multivariate modelling. Three variables
V (P for linear trend = 0.09 excluding four subjects and theirremained in the final model, namely body mass index, fruit consump-
matched cases/controls in the category ‘Armed forces’). tion and breastfeeding. The population attributable risks associated

Table 2 shows the ORs associated with various dietary factorsith them were respectively 56%, 77% and 58%. The summary
Higher consumption of fruit was associated with a strong protectivpopulation attributable risk from these three factors was 96%.

RESULTS
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Table 4 Unadjusted ORs for adenocarcinoma of the oesophagus according to BMI, reproductive and medical factors

Variable No. of OR (95% CI) P for trend

Controls Cases

Body mass index at 20 years of age (kg/m?)

Q,: <19.48 17 9 1
Q,: 19.49-20.95 21 12 0.97 (0.31-3.01)
Q,:20.96-22.66 17 21 2.70 (0.84-8.73)
,:222.97 13 30 4.68 (1.53-14.35) 0.001@
Not known 6 2 0.27 (0.03-2.57)
Number of children
None 8 13 1
lor2 40 31 0.46 (0.16-1.31)
=3 26 29 0.69 (0.23-2.01) 0.9012
Not known 0 1
Breastfeeding
No children/never breastfed 18 34 1
Ever breastfed 56 38 0.41 (0.20-0.82) -
Not known 0 2
Total duration of breastfeeding
No children 8 13 1
Had children but never breastfed 10 21 0.96 (0.27-3.42)
Up to 6 months 27 23 0.42 (0.13-1.29)
> 6 months 29 15 0.31 (0.09-1.02) 0.0052
Not known 0 2
Ever diagnosed with diabetes
No 73 67 1
Yes 1 7 7.00 (0.86-56.89) -
Indigestion
Never suffered 38 21 1
Indigestion for less than 2 weeks 18 18 2.39 (0.90-6.29)
Indigestion for more than 2 weeks 18 35 4.50 (1.75-11.57) <0.0001
Ever taken aspirin daily for as long as a month
No 61 63 1
Yes 13 9 0.67 (0.27-1.63) -
Not known 0 2

Ever taken vitamin/mineral supplement for 6
months or more
No 38 48 1
Yes 36 26 0.57 (0.29-1.12) -

a Subjects with missing values and their matched cases/controls are excluded.

Table 5 Variables in the final model

Variable OR 2 (95% ClI) P for trend

Body mass index at 20 years of age (kg m=)
Q,:<19.48 1
Q,: 19.49-20.95 0.86 (0.17-4.32)
Q,: 20.96-22.66 4.90 (0.86-28.02)

Q,: 222.67 6.04 (1.28-28.52) 0.002
Total fruit consumption (times per week)
Q,:<12.00 1

Q, 12.01-18.04
Q. 18.05-25.72

0.42 (0.09-2.03)
0.37 (0.05-2.59)

Q,: 225.73 0.08 (0.01-0.49) 0.002
Breastfeeding
No children 1

Had children but never breastfed
Up to 6 months
> 6 months

0.66 (0.06-6.88)
0.30 (0.04-2.30)
0.13 (0.01-1.40)

0.005

@ Mutually adjusted and for social class and number of children.
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DISCUSSION duration and reduction _in r_isk with frequent use of sala_td \_/(_egeta-
bles. However, these findings were not statistically significant,
In many countries, the incidence of adenocarcinoma of th@ossibly due to limited sample size. We did not find any increase
oesophagus has been rising at a faster rate than almost all othiefrisk associated with alcohol consumption, although only 2/73
cancers (Powell and McConkey, 1990; Blot et al, 1991). A numbegontrols and 3/73 cases reported consumption of 14 units of
of recent studies have examined the aetiology, largely in megjcohol or more a week. If anything, there was some suggestion of
(Brown et al, 1995; Vaughan et al, 1995; Gammon et al, 19973 negative association in univariate analyses, but this disappearec
Chow et al, 1998; Lagergren et al, 1999). The significance of thgfter adjusting for other risk factors.
present Study is underlined further by the fact that the incidence of The negative association with breastfeeding has not been previ_
this condition is higher among British women than any other popupusly described but is intriguing. It could be a chance finding,
lations (Parkin et al, 1997). Although the sample size of this studihere being no a priori hypothesis. The question on breastfeeding
was modest, we actually had included more female cases than agys included to examine whether it increased the risk of squamous
other study reported to date. In common with findings fromce|l carcinoma via an effect on the nutritional balance of women.
previous studies in men, we found that higher BMI and having &ocial class or other factors we have included did not confound
diet low in fruit were associated with increases in risk. the effect. The finding was adjusted for number of children, but
The information on BMI related to young adulthood. There waspersisted if non-parous women were excluded. Though adjusted
a very strong trend of increasing risk with increasing BMIfor BMI in early adulthood, it is possible that breastfeeding is
although most individuals in even the highest quartile would nofnversely associated with weight gain after pregnancy (on which
be regarded as overweight or obese by current standards. We @@ have no data). Bias arising from healthy controls recalling
not have information on recent BMI but a comparison with thenjstory of breastfeeding more completely than ill cases is unlikely,
general population aged 55-74 currently suggests that women i we did not find any relationship with squamous cell carcinoma.
the present study had put on weight since their early adulthoodhere was also a dose—response relationship between duration o
The relationship between BMI and risk of adenocarcinoma of th@reastfeeding and risk. The f|nd|ng requires confirmation by
oesophagus is likely to be a causal one for the following reasongirther studies.
(a) its strength; (b) recall bias was unlikely, the hypothesis not we show that high BMI and low fruit consumption accounted
being well known; (c) there was a clear dose-response relatiofor 90% of the risk of the condition in this population. Against the
ship; and (d) the association was specific to adenocarcinoma ap@ckground of the generally low fruit intake (Thompson et al,
was not found for squamous cell carcinoma (to be reported sepggg9) and increasing trend in the prevalence of obesity (Seidell
rately), suggesting that bias was unlikely. The relation, moreovelnd Flegal, 1997) in the UK, the preventability of this cancer

is consistent with previOUS reports predominantly of men (BrOWnshOLHd present an important pub“c health Opportunity.
et al, 1995; Vaughan et al, 1995; Chow et al, 1998; Lagergren et al,
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