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ABSTRACT
Objective To examine the relation between body mass
index (kg/m2) and cancer incidence and mortality.
Design Prospective cohort study.
Participants 1.2 million UK women recruited into the
Million Women Study, aged 50-64 during 1996-2001, and
followed up, on average, for 5.4 years for cancer incidence
and 7.0 years for cancer mortality.
Main outcome measures Relative risks of incidence and
mortality for all cancers, and for 17 specific types of
cancer, according to body mass index, adjusted for age,
geographical region, socioeconomic status, age at first
birth, parity, smoking status, alcohol intake, physical
activity, years since menopause, and use of hormone
replacement therapy.
Results 45 037 incident cancers and 17 203 deaths
from cancer occurred over the follow-up period.
Increasing body mass index was associated with an
increased incidence of endometrial cancer (trend in
relative risk per 10 units=2.89, 95% confidence interval
2.62 to 3.18), adenocarcinoma of the oesophagus
(2.38, 1.59 to 3.56), kidney cancer (1.53, 1.27
to 1.84), leukaemia (1.50, 1.23 to 1.83), multiple
myeloma (1.31, 1.04 to 1.65), pancreatic cancer
(1.24, 1.03 to 1.48), non-Hodgkin’s lymphoma
(1.17, 1.03 to 1.34), ovarian cancer (1.14, 1.03 to 1.27),
all cancers combined (1.12, 1.09 to 1.14), breast cancer
in postmenopausal women (1.40, 1.31 to 1.49) and
colorectal cancer in premenopausal women (1.61, 1.05
to 2.48). In general, the relation between body mass index
and mortality was similar to that for incidence. For
colorectal cancer, malignant melanoma, breast cancer,
and endometrial cancer, the effect of body mass index
on risk differed significantly according to menopausal
status.
Conclusions Increasing body mass index is associated
with a significant increase in the risk of cancer for 10 out
of 17 specific types examined. Among postmenopausal
women in the UK, 5% of all cancers (about 6000 annually)
are attributable to being overweight or obese. For
endometrial cancer and adenocarcinoma of the
oesophagus, body mass index represents a major
modifiable risk factor; about half of all cases in
postmenopausal women are attributable to overweight or
obesity.

INTRODUCTION
The prevalence of obesity has been increasing in developed countries,1 and national survey data from the
United Kingdom indicate that around 23% of all
women in England are obese and 34% are
overweight.2 Obesity is known to be associated with
excess mortality from all causes combined,3-5 but less
is known about its effects on cancer. In particular,
although it is widely accepted that body mass index
(BMI) is positively associated with cancers of the
colon, endometrium, and kidney, adenocarcinoma of
the oesophagus, and postmenopausal breast cancer,6
the magnitudes of such effects and the role of BMI in
the development of other, rarer, cancers are less certain. Furthermore, body mass index may affect not
only the development of certain cancers but also the
subsequent risk of death.7 Examining the effect of
BMI on both incidence and mortality within the same
population is therefore important. We report here on
the risk of incident and fatal cancer for a wide range of
malignancies according to BMI among women in the
Million Women Study, a large cohort study of women
in the UK.
METHODS
Data collection, follow-up, and definitions
In 1996-2001 a total of 1.3 million women aged 50-64
who had been invited for screening for breast cancer at
screening centres throughout England and Scotland
completed the first study questionnaire, which asked
about height, weight, social and demographic factors,
and other personal characteristics. The cohort was resurveyed about three years after recruitment to update
information on various factors, including weight. Full
details of the study design and methods are described
elsewhere,8 and both questionnaires can be viewed at
www.millionwomenstudy.org. Study participants
have been flagged on the National Health Service central registers, so that cancer registrations and deaths are
routinely notified to the study investigators. This information includes the date of each such event and codes
the site and morphology of the cancer according to the
ICD-10 (international classification of diseases, 10th
revision). All participants gave their written consent
to take part in the study.
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Statistical analysis
We excluded women diagnosed before recruitment as
having any cancer other than non-melanoma skin cancer (C44), or for whom height, weight, or both were
unknown, from all analyses. In analyses of cancer incidence, eligible women contributed person years from
the date of recruitment until the date of registration
with the cancer of interest, date of death, or end of follow-up, whichever was the earliest. In addition, women
diagnosed with any cancer other than the cancer of

interest (except non-melanoma skin cancer) during
the follow-up period were censored at the date of diagnosis of that cancer. The end of follow-up for cancer
incidence was 31 December 2004 for all registries
except Trent and North Yorkshire, Northwest, and
Scotland, for which the corresponding dates were
30 June 2004, 31 December 2003, and 31 December
1999. For analyses of cancer mortality, eligible women
contributed person years from recruitment until death
from the cancer of interest, death from some other
cause, or end of follow-up, whichever was the earliest.
The end of follow-up for cancer mortality was
31 December 2005.
We considered each of the cancer sites of interest as
an end point in a proportional hazards model with
body mass index included as a categorical variable
and attained age as the underlying time variable. We
stratified analyses by broad geographical region
(10 regions corresponding to the areas covered by the
cancer registries) and fifths of socioeconomic status
based on deprivation index,10 and we made adjustments for age at first birth (<20, 20-24, 25-29, ≥30),
parity (0, 1, 2, 3, ≥4), smoking status (never, past, current <10 cigarettes/day, current 10-19 cigarettes/day,
current ≥20 cigarettes/day), average daily alcohol
intake in drinks per day (0, 1, 2, ≥3), physical activity
(rarely/never, ≤once a week, >once a week) and, where
appropriate, years since menopause (premenopausal,
perimenopausal, <5, ≥5) and use of hormone replacement therapy (current, past, never). Unless otherwise
specified, we derived all variables included in the
model from information reported at recruitment. We
confined analyses of endometrial and cervix cancer to
women who reported never having had a hysterectomy and analyses of ovarian cancer to women who
reported not having had a bilateral oophorectomy
before recruitment. We assigned women with missing

Table 1 | Characteristics of the study population at recruitment, and details of follow-up, according to body mass index. Values are
percentages (numbers) unless stated otherwise
Body mass index (kg/m2)
Characteristics
No of women
Median (interquartile range) body mass index
Mean (SD) age (years)
Upper third of socioeconomic group

<25

25-29

≥30

All women

566 738

436 183

219 709

1 222 630

22.9 (21.5-23.9)

27.0 (25.9-28.2)

32.9 (31.1-35.7)

25.4 (23.0-28.6)

55.7 (4.4)

56.1 (4.4)

56.0 (4.4)

55.9 (4.4)

36 (206 743)

32 (141 598)

26 (57 226)

33 (405 567)

Mean (SD) No of children

2.0 (1.2)

2.2 (1.2)

2.3 (1.4)

2.1 (1.2)

Mean (SD) age at first birth (years)

24.2 (4.3)

23.7 (4.2)

23.2 (4.3)

23.8 (4.3)

25 (138 817)

19 (82 030)

14 (29 950)

21 (250 797)

5.6 (6.3)

4.9 (6.0)

3.7 (5.4)

5.0 (6.1)

22 (122 834)

18 (80 058)

16 (34 196)

19 (237 088)

Strenuous physical activity more than once a week
Mean (SD) alcohol intake (g/day)
Current smoker
Current user of hormone replacement therapy

37 (206 861)

33 (143 542)

28 (61 176)

34 (411 579)

Hysterectomy

22 (126 056)

26 (114 714)

28 (61 870)

25 (302 640)

Follow-up
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Woman years of follow-up for incidence (1000s)

3 014

2 276

1 129

6 419

Total No of incident cancers

20 600

15 890

8 547

45 037

Woman years of follow-up for death (1000s)

3 976

3 041

1 518

8 536

Total No of cancer deaths

7 812

5 952

3 439

17 203
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At recruitment, we asked women for their current
weight and height and then used these variables to
derive body mass index (weight (kg)/height (m)2),
which we categorised as follows: less than 22.5,
22.5-24.9, 25.0-27.4, 27.5-29.9, and 30 or more. In all
analyses, we chose the BMI category of 22.5-24.9 as the
reference group. We defined women with a BMI of
25-29.9 as “overweight” and women with a BMI of
30 or more as “obese,” in accordance with the World
Health Organization’s criteria.9
We examined incidence of and mortality from cancer in relation to BMI for all cancers combined (except
non-melanoma skin cancer) and for 17 of the most
common cancer sites or types of cancer. As some evidence exists to show that adenocarcinoma of the oesophagus may be more strongly related to BMI than
squamous cell carcinoma of the oesophagus,6 we subdivided oesophageal cancers into these two histological types on the basis of ICD-10 morphology codes.
Similarly, because the effect of BMI on the risk of
breast cancer is known to vary according to menopausal status and use of hormone replacement therapy,6
we did separate analyses with respect to breast cancer
for premenopausal women and postmenopausal
women who had never used hormone replacement
therapy.
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additional analyses using this updated information to
estimate median values of BMI within categories
defined by BMI at recruitment, to allow for potential
regression dilution.11 We also repeated analyses separately for women defined as premenopausal at recruitment and for women defined at recruitment as
postmenopausal and never having used hormone
replacement therapy, for those sites with more than
50 cases among premenopausal women.
As the analyses presented here generally involve
comparison of risks across more than two categories,
variances are, where appropriate, estimated by treating
the relative risks as floating absolute risks.12 Results
according to BMI category are, therefore, presented
in the form of plots of relative risks and their corresponding floated confidence intervals. The position

Table 2 | Relative risk* of cancer incidence for individual cancer sites or types according to body mass index
FAR (95% FCI) for incidence in women with body mass index (kg/m2)
Site (ICD-10 code)

No of
cases

<22.5

22.5-24.9
(reference group)

25-27.4

27.5-29.5

≥30

Trend (95% CI)
per 10 units

Adenocarcinoma of
oesophagus† (C15)

150

1.06 (0.70 to 1.62)
(n=22)

1.00 (0.68 to 1.46) (n=27)

1.28 (0.90 to 1.83)
(n=30)

1.57 (1.04 to 2.36)
(n=23)

2.54 (1.89 to 3.41)
(n=48)

2.38 (1.59 to 3.56)

Squamous cell carcinoma
of oesophagus‡ (C15)

263

2.04 (1.67 to 2.48)
(n=106)

1.00 (0.78 to 1.28) (n=63)

0.96 (0.73 to 1.26)
(n=52)

0.61 (0.40 to 0.94)
(n=21)

0.47 (0.31 to 0.73)
(n=21)

0.26 (0.18 to 0.38)

Stomach (C16)

521

1.26 (1.05 to 1.51)
(n=117)

1.00 (0.84 to 1.20) (n=121)

1.04 (0.86 to 1.25)
(n=111)

1.10 (0.88 to 1.38)
(n=76)

1.04 (0.84 to 1.27)
(n=96)

0.90 (0.72 to 1.13)

Colorectum (C18-C20)

4008

1.02 (0.95 to 1.10)
(n=789)

1.00 (0.94 to 1.06) (n=1034)

1.04 (0.97 to 1.11)
(n=913)

1.01 (0.93 to 1.10)
(n=555)

1.01 (0.94 to 1.09)
(n=717)

1.00 (0.92 to 1.08)

Pancreas (C25)

795

1.15 (0.98 to 1.34)
(n=166)

1.00 (0.86 to 1.16) (n=184)

1.02 (0.88 to 1.19)
(n=160)

1.20 (1.00 to 1.44)
(n=116)

1.37 (1.18 to 1.60)
(n=169)

1.24 (1.03 to 1.48)

Lung (C34)

3171

1.17 (1.09 to 1.25)
(n=828)

1.00 (0.93 to 1.07) (n=823)

0.91(0.85 to 0.99)
(n=653)

0.83 (0.75 to 0.91)
(n=376)

0.84 (0.77 to 0.92)
(n=491)

0.74 (0.67 to 0.82)

Malignant melanoma
(C43)

1635

1.00 (0.90 to 1.11)
(n=346)

1.00 (0.91 to 1.10) (n=456)

1.05 (0.95 to 1.16)
(n=384)

0.91 (0.79 to 1.05)
(n=198)

0.94 (0.83 to 1.07)
(n=251)

0.94 (0.82 to 1.07)

Premenopausal breast
(C50)

1179

0.96 (0.85 to 1.08)
(n=271)

1.00 (0.90 to 1.11) (n=352)

0.93 (0.82 to 1.05)
(n=239)

0.99 (0.84 to 1.16)
(n=151)

0.79 (0.68 to 0.92)
(n=166)

0.86 (0.73 to 1.00)

Postmenopausal breast§
(C50)

5629

0.85 (0.80 to 0.91)
(n=879)

1.00 (0.95 to 1.06) (n=1336)

1.10 (1.04 to 1.16)
(n=1262)

1.21 (1.13 to 1.29)
(n=878)

1.29 (1.22 to 1.36)
(n=1274)

1.40 (1.31 to 1.49)

Cervix (C53)

330

0.90 (0.70 to 1.15)
(n=66)

1.00 (0.81 to 1.23) (n=90)

0.94 (0.75 to 1.19)
(n=71)

0.79 (0.57 to 1.10)
(n=37)

1.02 (0.80 to 1.31)
(n=66)

1.04 (0.79 to 1.38)

Endometrium (C54)

2657

0.84 (0.75 to 0.93)
(n=340)

1.00 (0.92 to 1.09) (n=524)

1.21 (1.11 to 1.32)
(n=516)

1.43 (1.29 to 1.58)
(n=366)

2.73 (2.55 to 2.92)
(n=911)

2.89 (2.62 to 3.18)

Ovary (C56)

2406

0.98 (0.89 to 1.07)
(n=478)

1.00 (0.92 to 1.08) (n=631)

0.99 (0.91 to 1.08)
(n=510)

1.13 (1.02 to 1.25)
(n=349)

1.12 (1.02 to 1.23)
(n=438)

1.14 (1.03 to 1.27)

Kidney (C64)

723

0.95 (0.79 to 1.14)
(n=119)

1.00 (0.86 to 1.17) (n=165)

1.10 (0.94 to 1.28)
(n=155)

1.19 (0.99 to 1.44)
(n=106)

1.52 (1.31 to 1.77)
(n=178)

1.53 (1.27 to 1.84)

Bladder (C67)

615

0.99 (0.83 to 1.19)
(n=117)

1.00 (0.85 to 1.18) (n=149)

1.14 (0.97 to 1.34)
(n=147)

1.15 (0.93 to 1.41)
(n=92)

1.07 (0.88 to 1.30)
(n=110)

1.09 (0.89 to 1.34)

Non-Hodgkin’s lymphoma
(C82-C85)

1509

0.99 (0.88 to 1.12)
(n=283)

1.00 (0.90 to 1.11) (n=376)

1.07 (0.96 to 1.19)
(n=339)

1.03 (0.90 to 1.19)
(n=204)

1.19 (1.06 to 1.34)
(n=307)

1.17 (1.03 to 1.34)

Multiple myeloma (C90)

491

0.80 (0.64 to 1.00)
(n=76)

1.00 (0.84 to 1.19) (n=127)

1.11 (0.92 to 1.32)
(n=118)

1.11 (0.88 to 1.40)
(n=73)

1.16 (0.95 to 1.42)
(n=97)

1.31 (1.04 to 1.65)

Leukaemia (C91-C95)

635

0.71 (0.57 to 0.87)
(n=91)

1.00 (0.86 to 1.16) (n=169)

0.97 (0.82 to 1.14)
(n=137)

1.14 (0.93 to 1.38)
(n=99)

1.25 (1.05 to 1.48)
(n=139)

1.50 (1.23 to 1.83)

Brain (C71)

571

1.14 (0.95 to 1.38)
(n=113)

1.00 (0.84 to 1.19) (n=133)

1.27 (1.08 to 1.50)
(n=143)

1.19 (0.96 to 1.47)
(n=83)

1.08 (0.88 to 1.32)
(n=99)

1.01 (0.81 to 1.26)

45 037

0.99 (0.97 to 1.01)
(n=8952)

1.00 (0.98 to 1.02) (n=11
648)

1.01 (0.99 to 1.03)
(n=9757)

1.04 (1.01 to 1.06)
(n=6141)

1.12 (1.10 to 1.15)
(n=8539)

1.12 (1.09 to 1.14)

All cancers (C00-C97,
excluding C44)

FAR=floating absolute risk; FCI=floated confidence interval.
*Adjusted for age, geographical region, socioeconomic status, reproductive history, smoking status, alcohol intake, physical activity, and, where appropriate, time since menopause and use
of hormone replacement therapy.
†ICD-0 morphology codes 8140/3, 8144/3, 8145/3, 8260/3, 8480/3, 8481/3, 8490/3.
‡ICD-0 morphology codes 8070/3, 8071/3, 8072/3, 8074/3.
§Restricted to never users of hormone replacement therapy.
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values for any of the adjustment variables to a separate
category for that variable. We also examined the effect
of restricting analyses to women with known values for
all adjustment variables and of varying the level of
adjustment for certain factors.
We summarised the relation between BMI and incidence for each cancer site or type in the form of a loglinear trend in risk per 10 unit increase in BMI (broadly
equivalent to the difference in median BMI among
obese women compared with women in the reference
category of 22.5-24.9). We did various sensitivity analyses to assess the robustness of these summary estimates under relevant restrictions. Updated
information on body mass index from the follow-up
questionnaire was available for 450 186 (36.8%) of the
women included in these analyses. We therefore did

RESEARCH

Relative risk (95% CI)

Cancer incidence

3

Het: incidence (P<0.0001)
mortality (P<0.0001)

RESULTS
In total, 1 222 630 women who had not been registered
with a cancer (other than non-melanoma skin cancer)
at the time of recruitment and for whom BMI could be
calculated were eligible for analysis. Among these
women, the average age at recruitment was
55.9 years. During an average follow-up period of
5.4 years for cancer incidence and 7.0 years for cancer
mortality, 45 037 incident cancers and 17 203 deaths
from cancer occurred. For some cancers typically associated with a very short survival time—namely, lung,
pancreas, and brain cancer—the number of deaths was
larger than the number of incident cases because of the
slightly longer period of follow-up for mortality than
for incidence. When we compared sociodemographic
and lifestyle characteristics of women in three broad
categories of BMI, we found that BMI was strongly
associated with almost all of the characteristics examined (table 1). In particular, women with higher BMI
tended to come from a lower socioeconomic class;
were less likely to smoke, drink, and use hormone
replacement therapy; and had more children than
women with lower BMI.

Mortality
Adenocarcinoma of the
oesophagus

All cancers

aged 55-74 from the health survey for England 20042
), and we adjusted the proportions within each combination of factors proportionately. We compared estimates of attributable risk obtained by using the above
approach with those obtained from the simpler
approach that takes no account of effect modification.

Het: incidence (P=0.0009)
mortality (P=0.004)

Squamous cell carcinoma
of the oesophagus
Het: incidence (P<0.0001)
mortality (P<0.0001)

Colorectum

Pancreas

Het: incidence (P=1.0)
mortality (P=0.4)

Lung

Het: incidence (P=0.03)
mortality (P=0.02)

Het: incidence (P<0.0001)
mortality (P<0.0001)

2

1

Relative risk (95% CI)

0

3

Breast
(premenopausal)

Breast
(postmenopausal)

Het: incidence (P=0.1)
mortality (P=0.72)

Het: incidence (P<0.0001)
mortality (P=0.02)

Endometrium

Ovary

Het: incidence (P<0.0001)
mortality (P<0.0001)

Leukaemia

Kidney

Het: incidence (P=0.1)
mortality (P=0.06)

Het: incidence (P=0.0005)
mortality (P=0.004)

Het: incidence (P=0.0007)
mortality (P=0.2)

2

1

0
20

25

30

35

20

25

30

35

20

25

30

35

20

25

30

35

20

25

30

35

20

25

30

35

Body mass index (kg/m2)

Fig 1 | Relative risk of cancer incidence and mortality for individual cancer sites or types according to body mass index (22.5-24.9=reference group). Adjusted for
age, geographical region, socioeconomic status, age at first birth, parity, smoking status, alcohol intake, physical activity, and, where appropriate, time since
menopause and use of hormone replacement therapy. Het=test for heterogeneity across categories of body mass index on df=4. *Restricted to never users of
hormone replacement therapy
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of the square indicates the value of the relative risk, and
its area is inversely proportional to the variance of the
logarithm of the relative risk, providing an indication
of the amount of statistical information available for
that particular estimate. Results in the text that refer
to a specific comparison of two BMI categories or to
an estimate of trend are presented in the form of conventional relative risks and their corresponding confidence intervals.
For those cancer sites for which we saw a significant
trend of increasing risk with increasing BMI, we estimated the attributable proportions of incident disease
in postmenopausal women due to being overweight or
obese (BMI ≥25) and obese (BMI ≥30) by using
adjusted estimators of attributable risk that also take
account of possible effect modification.4 We stratified
relative risks of cancer in postmenopausal women used
for estimation of attributable risks by smoking status
(never smoker, past smoker, current smoker:
<15, ≥15 cigarettes/day) and use of hormone replacement therapy (never/past, current). We based estimates of the distribution of postmenopausal UK
women within each combination of these factors on
the observed distribution within the cohort of women
used for these analyses. However, to take account of
changes in the average distribution of BMI in UK
women of this age that have taken place since the
cohort was recruited, we fixed the marginal proportions of women with a BMI of <25, 25-29, and ≥30 at
30%, 39%, and 31% (on the basis of data in women

RESEARCH

All women
Relative risk
(95% CI)
per 10 unit
increase in BMI

trends of decreasing risk with increasing BMI
(P<0.0001 in both cases). As lack of physical activity
may be causally related to high BMI, we repeated the
analyses in tables 2 and 3 without adjustment for physical activity, but the results were essentially
unchanged. We also repeated analyses with inclusion
of an interaction term for smoking and alcohol status in
the model, but this made little difference to the results.
Nor did the results change materially when we
restricted analyses to women with complete information for all of the adjustment factors.
In general, the patterns for cancer mortality according
to BMI were broadly similar to those for cancer incidence, and most cancer sites that showed a significant
trend in the relative risk of incidence with increasing
BMI also showed a similar trend in the risk of mortality
with increasing BMI. For stomach cancer, colorectal
cancer, malignant melanoma, cervix cancer, bladder
cancer, and brain cancer, we found no significant evidence of any variation in the overall risk of incidence
or mortality according to BMI. Analyses of colorectal
cancer risk according to subsite yielded similar results
for colon cancer (relative risks in BMI categories
<22.5, 22.5-24.9 (reference), 25.0-27.4, 27.5-29.9, and
≥30 were 1.01, 1.00, 1.03, 0.99, and 1.01) and rectal cancer (1.04, 1.00, 1.05, 1.06, and 1.00).
Figure 2 presents, in order of decreasing magnitude,
the estimated relative risk of cancer incidence associated with an increase of 10 units in BMI for each individual cancer site or type for all women and within
certain subgroups. Based on all women, sites for

Excluding first two
years of follow-up

Never smokers
No of
cases

Relative risk
(95% CI)

Relative risk
(95% CI)
per 10 unit
increase in BMI

No of
cases

Relative risk
(95% CI)
per 10 unit
increase in BMI

Cancer site or type

No of
cases

Endometrium

2657 2.89 (2.62 to 3.18)

Adenocarcinoma of oesophagus

150

2.38 (1.59 to 3.56)

53

2.99 (1.51 to 5.90)

116

2.09 (1.32 to 3.31)

Kidney

723

1.53 (1.27 to 1.84)

319

1.72 (1.30 to 2.28)

526

1.56 (1.25 to 1.94)

Leukaemia

635

1.50 (1.23 to 1.83)

318

1.79 (1.35 to 2.38)

447

1.48 (1.16 to 1.88)

Breast (postmenopausal)*

5629 1.40 (1.31 to 1.49)

Multiple myeloma

491

1.31 (1.04 to 1.65)

253

1.25 (0.90 to 1.73)

354

1.17 (0.89 to 1.54)

Pancreas

795

1.24 (1.03 to 1.48)

305

1.26 (0.94 to 1.69)

563

1.28 (1.03 to 1.58)

Non-Hodgkin’s lymphoma

1509 1.17 (1.03 to 1.34)

718

1.17 (0.97 to 1.42)

1035 1.28 (1.09 to 1.50)

Ovary

2406 1.14 (1.03 to 1.27)

1256 1.12 (0.97 to 1.30)

1629 1.10 (0.97 to 1.26)

Bladder

615

1.09 (0.89 to 1.34)

206

1.02 (0.71 to 1.48)

381

1.06 (0.81 to 1.38)

Cervix

330

1.04 (0.79 to 1.38)

118

0.93 (0.58 to 1.51)

189

0.95 (0.65 to 1.38)

Brain

571

1.01 (0.81 to 1.26)

289

1.04 (0.77 to 1.42)

399

0.92 (0.71 to 1.20)

Colorectum

4008 1.00 (0.92 to 1.08)

1884 1.04 (0.92 to 1.18)

2816 0.98 (0.89 to 1.09)

Malignant melanoma

1635 0.94 (0.82 to 1.07)

891

1.02 (0.85 to 1.22)

1131 0.95 (0.81 to 1.11)

Stomach

521

0.90 (0.72 to 1.13)

170

0.89 (0.59 to 1.34)

349

1.08 (0.82 to 1.43)

Breast (premenopausal)

1179 0.86 (0.73 to 1.00)

636

0.84 (0.68 to 1.04)

727

0.85 (0.70 to 1.04)

Lung

3171 0.74 (0.67 to 0.82)

269

0.82 (0.59 to 1.13)

2257 0.77 (0.69 to 0.86)

Squamous cell carcinoma
of oesophagus

263

83

0.32 (0.17 to 0.63)

Relative risk
(95% CI)

1864 2.97 (2.65 to 3.33)

1485 2.98 (2.63 to 3.39)

3683 1.37 (1.26 to 1.49)

2855 1.41 (1.28 to 1.55)

0.26 (0.18 to 0.38)
0

1

2

3

4

5

Relative risk
(95% CI)

189
0

1

2

3

4

5

0.31 (0.20 to 0.48)
0

1

2

3

4

5

Fig 2 | Estimated trend in the relative risk of cancer incidence by site or type per 10 unit increase in body mass index (BMI). Adjusted for age, geographical
region, socioeconomic status, age at first birth, parity, smoking status, alcohol intake, physical activity, and, where appropriate, time since menopause and use
of hormone replacement therapy. *Restricted to never users of hormone replacement therapy
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Table 2 shows the relative risk of cancer incidence
for all cancers and for each of the 17 specific sites or
types considered, according to BMI, adjusted for age,
geographical region, socioeconomic status, age at first
birth, parity, smoking status, alcohol intake, physical
activity, and, where appropriate, years since menopause and use of hormone replacement therapy.
Table 3 shows corresponding relative risks for cancer
mortality. The relations between BMI and cancer incidence and mortality for all cancers combined, and for
11 selected sites, are presented graphically in figure 1.
We found significant heterogeneity in the relative
risk of cancer incidence across BMI categories for all
cancers (P<0.0001), adenocarcinoma of the oesophagus (P=0.0009), squamous cell carcinoma of the oesophagus (P<0.0001), pancreatic cancer (P=0.03), lung
cancer (P<0.0001), postmenopausal breast cancer
(P<0.0001), endometrial cancer (P<0.0001), kidney
cancer (P=0.0005), and leukaemia (P=0.0007).
Although a general test for heterogeneity across the
five categories of BMI was not statistically significant
for ovarian cancer (P=0.1), non-Hodgkin’s lymphoma
(P=0.2), or multiple myeloma (P=0.1), a more directed
test of linear trend in the log relative risks with increasing BMI was significant for each of these cancers
(P=0.02 for each type of cancer).
For most of the sites that showed significant heterogeneity in risk according to BMI, the relative risk of
cancer increased with increasing BMI. The exceptions
to this pattern were squamous cell carcinoma of the
oesophagus and lung cancer, for which we found

RESEARCH

0.73 to 1.00), although this was of borderline statistical
significance (P=0.05). The trend in the risk of all cancers combined associated with a 10 unit increase in
BMI was 1.12 (1.09 to 1.14). When we recalculated
trend estimates incorporating updated information
on BMI from the first re-survey, the results were essentially unchanged.
Most sites that showed a significant association with
BMI among all women also showed a similar magnitude of association in never smokers, although the
trend estimate in never smokers did not always achieve
statistical significance. For lung cancer, the trend
among never smokers was non-significant (0.82,
0.59 to 1.13) and somewhat attenuated compared
with that in all women (0.74, 0.67 to 0.82). For other
smoking related cancers (namely, kidney cancer and

Table 3 | Relative risk* of cancer mortality for individual cancer sites or types according to body mass index
FAR (95% FCI) for cancer mortality in women with body mass index (kg/m2)
Site (ICD-10 code)

No of deaths

<22.5

22.5-24.9
(reference group)

25-27.4

27.5-29.5

≥30

Adenocarcinoma of
oesophagus† (C15)

111

1.35 (0.87 to 2.11)
(n=20)

1.00 (0.64 to 1.57)
(n=19)

1.21 (0.78 to 1.87)
(n=20)

1.44 (0.87 to 2.39)
(n=15)

2.75 (1.97 to 3.85)
(n=37)

2.24 (1.40 to 3.58)

Squamous cell carcinoma
of oesophagus‡ (C15)

182

2.10 (1.66 to 2.65)
(n=75)

1.00 (0.74 to 1.35)
(n=44)

1.02 (0.75 to 1.40)
(n=39)

0.45 (0.25 to 0.82)
(n=11)

0.42 (0.24 to 0.73)
(n=13)

0.22 (0.14 to 0.35)

Stomach (C16)

403

1.47 (1.19 to 1.81)
(n=92)

1.00 (0.80 to 1.24)
(n=82)

1.16 (0.93 to 1.43)
(n=85)

1.34 (1.05 to 1.71)
(n=64)

1.24 (0.99 to 1.55)
(n=80)

0.98 (0.76 to 1.26)

Colorectum (C18-C20)

1548

1.00 (0.90 to 1.13)
(n=302)

1.00 (0.91 to 1.10)
(n=405)

0.98 (0.89 to 1.09)
(347)

0.86 (0.75 to 1.00)
(n=193)

1.03 (0.92 to 1.16)
(n=301)

0.99 (0.87 to 1.13)

Pancreas (C25)

1130

1.11 (0.97 to 1.27)
(n=231)

1.00 (0.89 to 1.13)
(n=267)

1.01 (0.89 to 1.15)
(n=232)

1.12 (0.96 to 1.31)
(n=160)

1.32 (1.16 to 1.51)
(n=240)

1.21 (1.04 to 1.41)

Lung (C34)

3559

1.16 (1.09 to 1.24)
(n=922)

1.00 (0.94 to 1.07)
(n=925)

0.92 (0.86 to 0.99)
(n=749)

0.84 (0.76 to 0.92)
(n=433)

0.80 (0.74 to 0.88)
(n=530)

0.72 (0.66 to 0.79)

Malignant melanoma
(C43)

151

1.00 (0.69 to 1.44)
(n=29)

1.00 (0.73 to 1.37)
(n=40)

0.95 (0.68 to 1.34)
(n=33)

0.87 (0.56 to 1.37)
(n=19)

1.06 (0.73 to 1.52)
(n=30)

1.02 (0.67 to 1.56)

Premenopausal breast
(C50)

83

1.07 (0.68 to 1.68)
(n=20)

1.00 (0.67 to 1.50)
(n=24)

1.05 (0.67 to 1.64)
(n=19)

0.91 (0.49 to 1.70)
(n=10)

0.64 (0.34 to 1.21)
(n=10)

0.68 (0.37 to 1.24)

Postmenopausal breast§
(C50)

637

1.11 (0.92 to 1.34)
(n=109)

1.00 (0.84 to 1.19)
(n=131)

1.26 (1.07 to 1.47)
(n=147)

1.22 (0.99 to 1.49)
(n=92)

1.49 (1.27 to 1.75)
(n=158)

1.36 (1.12 to 1.66)

Cervix (C53)

109

0.50 (0.30 to 0.86)
(n=14)

1.00 (0.71 to 1.40)
(n=34)

0.77 (0.51 to 1.17)
(n=22)

0.61 (0.34 to 1.11)
(n=11)

1.15 (0.79 to 1.70)
(n=28)

1.53 (0.95 to 2.47)

Endometrium (C54)

236

0.81 (0.57 to 1.17)
(n=30)

1.00 (0.75 to 1.33)
(n=49)

1.09 (0.82 to 1.45)
(n=46)

1.21 (0.85 to 1.71)
(n=32)

2.28 (1.81 to 2.87)
(n=79)

2.46 (1.78 to 3.39)

Ovary (C56)

1651

0.96 (0.86 to 1.07)
(n=320)

1.00 (0.91 to 1.10)
(n=439)

0.93 (0.84 to 1.03)
(n=340)

1.02 (0.89 to 1.16)
(n=226)

1.16 (1.04 to 1.30)
(n=326)

1.17 (1.03 to 1.33)

Kidney (C64)

382

1.01 (0.79 to 1.30)
(n=63)

1.00 (0.80 to 1.24)
(n=81)

1.14 (0.92 to 1.42)
(n=80)

1.30 (1.01 to 1.68)
(n=58)

1.71 (1.39 to 2.09)
(n=100)

1.65 (1.28 to 2.13)

Bladder (C67)

186

1.16 (0.84 to 1.60)
(n=38)

1.00 (0.74 to 1.36)
(n=41)

1.35 (1.02 to 1.78)
(n=49)

1.03 (0.69 to 1.54)
(n=24)

1.12 (0.79 to 1.57)
(n=34)

1.00 (0.68 to 1.45)

Non-Hodgkin’s lymphoma
(C82-C85)

535

0.85 (0.69 to 1.04)
(n=92)

1.00 (0.85 to 1.18)
(n=145)

0.93 (0.78 to 1.12)
(n=118)

0.80 (0.63 to 1.02)
(n=64)

1.10 (0.91 to 1.33)
(n=116)

1.15 (0.92 to 1.44)

Multiple myeloma (C90)

284

0.99 (0.74 to 1.32)
(n=46)

1.00 (0.78 to 1.28)
(n=63)

1.26 (0.99 to 1.59)
(n=68)

1.13 (0.82 to 1.55)
(n=38)

1.63 (1.28 to 2.08)
(n=69)

1.56 (1.15 to 2.10)

Leukaemia (C91-C95)

428

0.82 (0.64 to 1.04)
(n=67)

1.00 (0.83 to 1.21)
(n=109)

0.99 (0.81 to 1.21)
(n=93)

1.09 (0.86 to 1.39)
(n=65)

1.21 (0.98 to 1.49)
(n=94)

1.34 (1.05 to 1.71)

Brain (C71)

645

1.17 (0.98 to 1.40)
(n=123)

1.00 (0.85 to 1.18)
(n=143)

1.29 (1.10 to 1.51)
(n=158)

1.18 (0.96 to 1.45)
(n=90)

1.31 (1.10 to 1.56)
(n=131)

1.17 (0.95 to 1.43)

17 203

1.08 (1.05 to 1.12)
(n=3577)

1.00 (0.97 to 1.03)
(n=4235)

1.01 (0.98 to 1.04)
(n=3705)

0.97 (0.93 to 1.02)
(n=2250)

1.14 (1.11 to 1.18)
(n=3436)

1.06 (1.02 to 1.10)

All cancers (C00-C97,
excluding C44)

Trend (95% CI)
per 10 units

FAR=floating absolute risk; FCI=floated confidence interval.
*Adjusted for age, geographical region, socioeconomic status, reproductive history, smoking status, alcohol intake, physical activity, and, where appropriate, time since menopause and use
of hormone replacement therapy.
†ICD-0 morphology codes 8140/3, 8144/3, 8145/3, 8260/3, 8480/3, 8481/3, 8490/3.
‡ICD-0 morphology codes 8070/3, 8071/3, 8072/3, 8074/3.
§Restricted to never users of hormone replacement therapy.
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which we found a significant positive trend in the relative risk of incidence with BMI were endometrial cancer (relative risk per 10 unit increase in BMI=2.89, 95%
confidence interval 2.62 to 3.18), adenocarcinoma of
the oesophagus (2.38, 1.59 to 3.56), kidney cancer
(1.53, 1.27 to 1.84), leukaemia (1.50, 1.23 to 1.83), postmenopausal breast cancer (1.40, 1.31 to 1.49), multiple
myeloma (1.31, 1.04 to 1.65), pancreatic cancer (1.24,
1.03 to 1.48), non-Hodgkin’s lymphoma (1.17, 1.03 to
1.34), and ovarian cancer (1.14, 1.03 to 1.27). The only
cancers for which we found a significant inverse association between BMI and cancer incidence were squamous cell carcinoma of the oesophagus (0.26, 0.18 to
0.38) and lung cancer (0.74, 0.67 to 0.82). We also
found evidence of a decrease in the risk of premenopausal breast cancer with increasing BMI (0.86,

RESEARCH

No of
cases

Relative risk
(95% CI)
per 10 unit
increase in BMI

Premenopausal

1179

0.86 (0.73 to 1.00)

Postmenopausal

5629

1.40 (1.31 to 1.49)

Cancer site or type

Relative risk
(95% CI)
per 10 unit
increase in BMI

Breast

χ2 for heterogeneity=31.6, df=1, P<0.0001
Endometrium
Premenopausal

164

1.77 (1.20 to 2.60)

Postmenopausal

1149

3.98 (3.44 to 4.61)

χ2 for heterogeneity=14.8, df=1, P=0.0001
Ovary
Premenopausal

128

1.28 (0.81 to 2.00)

Postmenopausal

982

1.12 (0.95 to 1.31)

χ2 for heterogeneity=0.3, df=1, P=0.6
Colorectum
Premenopausal

136

1.61 (1.05 to 2.48)

postmenopausal

1743

0.99 (0.88 to 1.12)

χ2 for heterogeneity=4.6, df=1, P=0.03
Lung
Premenopausal

64

0.86 (0.45 to 1.65)

Postmenopausal

1351

0.74 (0.64 to 0.86)

χ2 for heterogeneity=0.2, df=1, P=0.7
Non-Hodgkin’s lymphoma
Premenopausal

60

1.33 (0.70 to 2.52)

Postmenopausal

627

1.09 (0.89 to 1.34)

χ2 for heterogeneity=0.3, df=1, P=0.6
Malignant melanoma
Premenopausal

98

1.62 (0.97 to 2.70)

Postmenopausal

566

0.92 (0.74 to 1.15)

χ2 for heterogeneity=4.0, df=1, P=0.05

0

1

2

3

4

5

Fig 3 | Estimated relative risk of incidence per 10 unit increase in body mass index (BMI) for
cancer sites with at least 50 cases in premenopausal women, by menopausal status at entry in
never users of hormone replacement therapy. Adjusted for age, geographical region,
socioeconomic status, age at first birth, parity, smoking status, alcohol intake, and physical
activity
BMJ | ONLINE FIRST | bmj.com

in the trend estimates between premenopausal women
and postmenopausal never users of hormone replacement therapy for breast cancer (P<0.0001), endometrial cancer (P=0.0001), colorectal cancer (P=0.03),
and malignant melanoma (P=0.05). For colorectal cancer and malignant melanoma, we found positive trends
in risk with BMI in premenopausal women (relative
risk per 10 unit increase 1.61 and 1.62), but we found
no evidence of any association in postmenopausal
never users of hormone replacement therapy
(0.99 and 0.92). By contrast, increased BMI was associated with a decreased risk of breast cancer in premenopausal women (relative risk 0.86) and an
increased risk in postmenopausal women (1.40). For
endometrial cancer, we found a significant increase in
risk with increasing BMI for both groups, but the
magnitude of the trend was substantially greater in
postmenopausal women than in premenopausal
women (relative risk 3.98 compared with 1.77). Thus,
in total, we found a significant increase in risk with
increasing BMI in 10 out of the 17 specific types of
cancer considered, including eight sites in which a
positive association existed in all women and two
sites in which it was confined to either premenopausal
women (colorectal cancer) or postmenopausal women
(breast cancer).
Table 4 presents (for postmenopausal women only)
the proportions of incident cancers attributable to
being overweight or obese, and to being obese, for
those cancers that showed a significant increase in risk
with increasing BMI. The estimated proportion of all
cancers attributable to being overweight or obese
among postmenopausal women was 5%. For
endometrial cancer and adenocarcinoma of the
oesophagus, about a half of cases (51% and 48%) were
attributable to being overweight or obese. By comparison, the estimated proportion of cancers attributable to
being overweight or obese was between 10% and 20%
for multiple myeloma, kidney cancer, leukaemia, and
pancreatic cancer and below 10% for all other specific
sites or types listed in table 4. Estimates of attributable
risk obtained by using unstratified relative risk estimates
did not differ materially from those in the table.
DISCUSSION
In this analysis of 43 037 incident cancers and 17 203
deaths from cancer among more than 1.2 million
women, we found increasing body mass index to be
associated with an increased risk of incident and fatal
cancer for all cancers combined and for 10 out of the
17 specific sites or types of cancer considered.
Although convincing evidence exists of an adverse
effect of increased BMI on the risk of several of these
cancers, including postmenopausal breast cancer,
endometrial cancer, colon cancer, kidney cancer, and
adenocarcinoma of the oesophagus,6 substantially
fewer data exist on the effect of BMI on other cancers.
Thus, for many cancer sites, the findings presented
here constitute important new evidence. Our data
also show that menopausal status is a key factor in the
relation between BMI and risk of cancer among
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adenocarcinoma of the oesophagus) and for leukaemia, the trend in risk with increasing body mass
index became greater in magnitude after restriction
to never smokers. The trend in risk per 10 unit increase
in BMI for all cancers combined was also slightly
greater in never smokers (1.20, 1.15 to 1.24) than in
all women (1.12, 1.09 to 1.14). When we repeated analyses excluding the first two years of follow-up, the
trend estimates were not materially altered.
Figure 3 presents the trend estimates in premenopausal women and postmenopausal never users of hormone replacement therapy for cancer sites with more
than 50 cases in women who reported being premenopausal at recruitment. We found significant differences
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Female reproductive cancers
Among women, hormonally related cancers such as
those of the breast and endometrium have been
among those most consistently associated with BMI.6
The relation between BMI and breast cancer is, however, complicated by the fact that BMI has a different
effect on breast cancer risk among premenopausal and
postmenopausal women.6 Our data confirm this observation, in that the risk of breast cancer among premenopausal women decreases with increasing BMI
whereas the risk increases with BMI among postmenopausal women who have never used hormone replacement therapy. The increase in the risk of breast cancer
with increasing BMI among postmenopausal women is
likely to be due to increased concentrations of circulating sex hormones, and strong empirical evidence exists
to support this,13 but the opposite relation among premenopausal women is less well understood.
The increased risk of endometrial cancer with
increasing adiposity is also thought to be mediated by
concentrations of endogenous sex hormones.14
Although some studies have examined the risk of
endometrial cancer separately among premenopausal
and postmenopausal women, they have had relatively
few cases among premenopausal women and hence
little power to detect an interaction. The substantially
greater increase in risk with increasing BMI found here
for women who reported being postmenopausal as
opposed to premenopausal at recruitment is, therefore,
a novel finding. Whereas the effect of obesity on postmenopausal endometrial cancer is thought to be due to
increased concentrations of unopposed oestrogens,
any effect in premenopausal women may be due to
progesterone deficiency rather than an excess of
oestrogen14; the observed differences in the effect of
BMI on risk by menopausal status may reflect these
different mechanisms.
Table 4 | Estimated proportion of all cancers, and of cancers of specific sites, attributable to
overweight and obesity in postmenopausal women in UK
Proportion (%) of cancers attributable to body mass index (kg/m2)
≥25 (overweight or obese)

≥30 (obese)

Endometrial cancer

51

40

Adenocarcinoma of oesophagus

48

35

Multiple myeloma

18

9

Kidney cancer

15

14

Leukaemia

16

9

Pancreatic cancer

14

11

Site or type

Breast cancer

7

4

Non-Hodgkin’s lymphoma

7

6

Ovary

4

3

All cancers

5

4

Data on prevalence of exposure among UK women are based on health survey for England 2004,2 in which 39%
of women aged 55-74 had body mass index 25-30 and 31% had body mass index >30.
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Few individual studies have reported a significant
effect of adiposity on the risk of ovarian cancer, and
the small increase in ovarian cancer risk with increasing BMI found here (relative risk per 10 unit increase in
BMI=1.14, 95% confidence interval 1.03 to 1.27) is
consistent with the conclusions of a review of the published evidence.15 Some studies have also suggested
that the effect of BMI on ovarian cancer risk is greater
in premenopausal women than in postmenopausal
women.15-17 Our findings with respect to BMI and
ovarian cancer in premenopausal and postmenopausal
women seem to be consistent with this hypothesis, but,
as with previous studies, the numbers of cases among
premenopausal women are too few to reliably establish
a difference. Thus for cancers of the female reproductive organs, in which the relation with BMI might be
expected to be mediated by hormones, the effect of
BMI on risk seems to differ markedly in premenopausal and postmenopausal women.
Other cancers
Colorectal cancer has been consistently associated
with increased adiposity among men.6 However,
results in women have been less consistent; some studies have reported a positive association,7-20 some have
reported no association,21 22 and others have reported
greater effects in younger than in older women.23 The
only previous study that looked at the effect of BMI
according to menopausal status found relative risks of
colon cancer in obese women compared with nonobese women of 1.88 (1.24 to 2.86) for premenopausal
women and 0.73 (0.48 to 1.10) for postmenopausal
women (P value for heterogeneity=0.01).24 Our data
show no association between BMI and the overall
risk of incidence of or mortality from colorectal cancer
among women aged 50-64 at recruitment; however,
the effect of increasing BMI on risk does seem to differ
between premenopausal and postmenopausal women
(P value for heterogeneity=0.03), with a significant
increase in risk with increasing BMI among premenopausal women (relative risk=1.61, 1.05 to 2.48) but not
among postmenopausal women (0.99, 0.88 to 1.12).
This apparent interaction between adiposity and
menopausal status may explain, at least in part, the
variability in published results on the relation between
BMI and colorectal cancer among women.
Relatively few studies have reported on the relation
between BMI and haematopoietic cancers, and findings have been equivocal regarding BMI in relation
to non-Hodgkin’s lymphoma,7-19 25 26 multiple
myeloma,7-18 and leukaemia.7-19 27 Our findings show
significant trends of increasing risk with increasing
BMI for each type of cancer (relative risk of incidence
per 10 unit increase=1.17, 1.31, and 1.50). Data on the
risk of malignant melanoma in relation to BMI have
also been inconsistent; some studies have found no evidence of an association in either men or women,7-19 28 29
some have found an effect in both men and women,30
and others have reported an effect in men but not in
women.31 32 Although we found no overall association
between BMI and malignant melanoma, the effect of
BMJ | ONLINE FIRST | bmj.com
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women, not only for those cancers that are known to be
hormonally related, such as breast and endometrial
cancer, but also for other common cancers not generally thought to be mediated by hormones.
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Strengths and weaknesses
The Million Women Study includes one in four UK
women who were aged 50-64 during the period of
recruitment, making it the largest ever study of
women’s health. Furthermore, the fact that information on exposure is recorded prospectively ensures
that findings are not subject to recall bias. To our
knowledge, no previous study has examined the role
of BMI in both incidence and mortality of cancer
within the same cohort, and this is, therefore, another
major strength of the study.
As with most large epidemiological studies, BMI in
our cohort was based on self reported height and
weight, and although self reported BMI has been
shown to be a useful measure of adiposity in epidemiological studies,6 it is likely to be subject to both random
and systematic errors. The random component of this
measurement error is likely to be small,38 and indeed
adjustment for regression dilution in these analyses
BMJ | ONLINE FIRST | bmj.com

had little impact on the dose-response effect. Any systematic error in self reported BMI is likely to stem from
a slight over-reporting of height and under-reporting of
weight,39 leading to an underestimate of BMI. However, the degree of underestimation is proportional to
the degree of overweight,40 and a validation study of
2500 UK women of a similar age found not only that
both measures yielded similar rankings with respect to
BMI, with a correlation coefficient of 0.97, but also that
a close numerical agreement existed between self
reported BMI and measured BMI.39
For many cancers, weight loss often precedes clinical
recognition of the disease and, in affected patients,
BMI recorded before diagnosis is an underestimate of
their usual BMI. This potential bias, termed reverse
causality, can give rise to spuriously increased risks at
low levels of BMI. Although exclusion of the first two
years of follow-up within these data did not materially
affect the findings, the relatively short follow-up period
precludes exclusion of longer periods; as reverse causality may exert an influence for as long as 10 years after
recruitment,41 this is a limitation of the study. Furthermore, we had no information on whether women had
lost weight in the year or so before recruitment and so
were unable to exclude women whose BMI at recruitment was not necessarily representative of their usual
BMI.
Previous publications have suggested a non-linear
relation between BMI and mortality, with an increased
risk at very low levels of BMI as well as at high levels.4
In our data, the numbers of cancers in women with a
BMI below 18.5 was extremely small. Furthermore,
the relatively short duration of follow-up available
here precludes exclusion of the substantial period of
follow-up required to minimise the potential effects of
reverse causality.5 41 Thus, although we cannot yet
answer this question reliably within our cohort, we cannot rule out the possibility of an adverse effect on risk of
cancer at extremely low BMI.
In the case of smoking related cancers, residual confounding with smoking history is a key potential source
of bias. Few studies have had sufficient power to examine risks reliably in people who have never smoked,
but a large study of mortality from cancer found evidence of a greater adverse effect of BMI in never smokers compared with all women for oesophageal cancer,
pancreatic cancer, and all cancers (relative risks of any
cancer in women with BMI ≥40 compared with
women of normal BMI=1.88 and 1.62).7 In general,
exclusion of smokers from the analyses presented
here did not materially alter the findings, although
the dose-response estimates became slightly more
marked for adenocarcinoma of the oesophagus, kidney cancer, leukaemia, and all cancers combined (relative risk per 10 unit increase in BMI for all
cancers=1.20 in never smokers compared with 1.12
in all women).
This report focuses on the relation between BMI,
measured in middle age, and the short term risk of cancer and death from cancer. It does not consider the role
in the development of cancer of other measures of
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BMI on risk seemed to be greater in premenopausal
women than in postmenopausal women (relative risk
of incidence per 10 unit increase=1.62 v 0.92; P=0.05).
Previous studies of the risk of adenocarcinoma of the
oesophagus and kidney cancer in relation to BMI have
consistently reported a material increase in risk with
increasing BMI,6 and our findings provide further support for these associations. Several large cohort studies
have also reported an increase in the risk of pancreatic
cancer in obese people compared with non-obese
people7-19 33-35; estimated relative risks among women
ranged from about 1.1 to 1.7. Thus the estimated
increase in pancreatic cancer risk reported here (relative risk per 10 unit increase in BMI=1.24, 1.03 to 1.48)
is consistent with these published data.
Two sites for which we found a significant inverse
relation between BMI and incidence were lung cancer
and squamous cell carcinoma of the oesophagus. Similar findings have been reported previously,7 36 37 but
these have typically been viewed with caution owing
to uncertainty about the extent to which the association
between increased risk and low BMI might be due to
recent weight loss among people with preclinical disease or residual confounding with smoking or alcohol
intake. In our data, the inverse association between
BMI and lung cancer was considerably attenuated
when we restricted analyses to never smokers; however, the small number of cases of lung cancer among
never smokers means that we had insufficient power to
exclude an association. By contrast, the substantial
inverse association between BMI and squamous cell
carcinoma of the oesophagus remained significant
after restriction to never smokers (trend in relative
risk per 10 unit increase in BMI=0.32, 0.17 to 0.63),
after exclusion of the first two years of follow-up
(0.31, 0.20 to 0.48), and after allowance for a possible
interaction between smoking status and alcohol intake.
Thus, although we cannot rule out the possibility of
residual bias in the relation between BMI and squamous cell carcinoma of the oesophagus, the association
seems to be remarkably robust.

RESEARCH

Increased body mass index is known to increase the risk of
adenocarcinoma of the oesophagus, endometrial cancer,
kidney cancer, and postmenopausal breast cancer in
women
Body mass index has also been associated with the risk of
other, rarer, cancers, but the findings are not yet conclusive

WHAT THIS STUDY ADDS
High body mass index in women may increase the risk of
multiple myeloma, leukaemia, pancreatic cancer, nonHodgkin’s lymphoma, and ovarian cancer
Menopausal status seems to affect the relation between
body mass index and risk of breast cancer, endometrial
cancer, and colorectal cancer
Among postmenopausal women in the UK, 5% of all cancers
(about 6000 annually) are attributable to women being
overweight or obese
Around half of all cases of endometrial cancer and
adenocarcinoma of the oesophagus in postmenopausal UK
women are attributable to women being overweight or
obese

body size, such as waist circumference or waist to hip
ratio, or indeed measures of BMI at other stages of life
such as puberty and young adulthood. Moreover, as
some evidence exists to show, for breast cancer at
least, that increased BMI at young ages might be associated with a decreased risk in later life,42 the effects
seen here cannot be assumed to apply to BMI measured at other ages.
Attributable risks
In these data, the great majority (81%) of cancers
occurred in postmenopausal women, and as considerable differences existed in the effect of BMI on the risk
of some cancers according to menopausal status, we
confined estimates of attributable risk to postmenopausal women. Although reliably calculating corresponding estimates for premenopausal women on the basis of
these data is difficult, the proportion of cancers attributable to being overweight in premenopausal UK
women is likely to be less than that for postmenopausal
women, because breast cancer is the predominant cancer among premenopausal women and an inverse
association exists between BMI and breast cancer risk
among such women. On the basis of these results, and
current estimates of BMI in postmenopausal women in
the UK, we estimate that 5% of all cancers among postmenopausal women in the UK are attributable to being
overweight or obese (BMI ≥25) and that 4% are attributable to obesity (BMI ≥30). For endometrial cancer
and adenocarcinoma of the oesophagus, BMI represents a major modifiable risk factor; as many as about
half of all cases of these cancers in postmenopausal
women are attributed to being overweight or obese.
Overall, these findings imply that 6000 new cancers
annually in postmenopausal women in the UK are
due to being overweight or obese, of which 4800 are
due to obesity.
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