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There is growing evidence that excess body weight in-
creases the risk of cancer at several sites, including kidney,
endometrium, colon, prostate, gallbladder and breast in
post-menopausal women. The proportion of all cancers at-
tributable to overweight has, however, never been system-
atically estimated. We reviewed the epidemiological litera-
ture and quantitatively summarised, by meta-analysis, the
relationship between excess weight and the risk of develop-
ing cancer at the 6 sites listed above. Estimates were then
combined with sex-specific estimates of the grevalence of
overweight [body mass index (BMI) 25-29 kg/m~] and obesity
(BMI =30 kg/m?) in each country in the European Union to
obtain the proportion of cancers attributable to excess
weight. Overall, excess body mass accounts for 5% of all
cancers in the European Union, 3% in men and 6% in women,
corresponding to 27,000 male and 45,000 female cancer
cases yearly. The attributable proportion varied, in men,
between 2.1% for Greece and 4.9% for Germany and, in
women, between 3.9% for Denmark and 8.8% for Spain. The
highest attributable proportions were obtained for cancers of
the endometrium (39%), kidney (25% in both sexes) and
gallbladder (25% in men and 24% in women). The largest
number of attributable cases was for colon cancer (21,500
annual cases), followed by endometrium (14,000 cases) and
breast (12,800 cases). Some 36,000 cases could be avoided by
halving the prevalence of overweight and obese people in
Europe.
© 2001 Wiley-Liss Inc.
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Since alarge prospectie study* showal the first evidene that
overweigh and obesiy increa the risk of mortality from certain
cancersnumeros othe studies linking exces weight to cance at
severasites hawe been reported The evidene for an associatia is
now strorg for cances of the endometriun®, kidney® and the
post-menopaus®reast: as well as colon? gallbladdef ard pros-
tate? Cances of the thyroid®° and gastrtc cardid®-12 as well as
adenocarcinom of the esophagus hawe been associaté with
overweigh ard obesity.

Notwithstandiig the growing evidene tha overweigh is caus-
ally relatel to cance of severasites there has been no systematic
attemp to estimae the totd proportion of all cances attributable
to this potentially avoidabé but increasingy more comman cause.
We hawe reviewal the epidemiologicé literature ard quantita-
tively summarisd the relationshp betwe& exces weigh and the
risk of developirg cancer We performel ameta-analysifor the 6
cance sites for which the evidene is mog consisteh and esti-
matel the proportian of cance case attributabé to overweigh or
obesiy tha occurral in the countries of the Europea Union.

MATERIAL AND METHODS
Seard methods

We identified studies publishel betwea 1966 ard 1997 (we
began dat abstractio in 1998 through the MEDLIN E (National
Library of Medicing Washington D.C.) databaseSince hetero-
geneiy of study design method of exposue assessmerand data
analyss are comma cause of inconsisteng betwea observa-
tiond studies we chose a priori, desirabé properties for design,
study size and period of publicaticn and wheneve possible,

included only studies with thes characteristicsThroughout we
refer to studies having thes characteristis as “eligible”.

Besides aMEDLINE search we also systematicall examined
the list of referencsin the identified articles The literature review
and meta-analys were confinel to cances of the breast colon,
endometriumprostate kidney and gallbladder We included pro-
spectie studies with at leag 100 observe cass and population-
basel case-contrbstudies with at leag 200 cases The restric-
tions were feasibk for cances of the breast colon, prostaée and
endometriumHowever mog studies of kidney cance were rela-
tively small, particulary those on women therefore we included
cohot studieswith at leag 50 and case-contrbstudies with at least
100 femak casesDue to the limited numbe of epidemiological
studies on gallbladde cancer we included all publishal data.
When severd articles were publisha from the sane study, we
usel the mog recen repot or the one providing the mog detailed
information.

Design of meta-analysis

For ead of the cance sites consideredwe performel a co-
varian@ analyss of the log relative risk on body masswith terms
for study (categories)body mas index (BMI, continuou$ and
their interaction We checkel the assumptia of linearity of the
relationshp by testirg the statistich significane of addirg a
square term of BMI. In only one cas was this close to statistical
significan@ (colon cancer) and this ca® is discussd in the
relevan section of Results.

Once we had acceptd the log-linea dose-responseve esti-
matel arelationshp for eat of the selecte studies accordiry to
the co-variance—adjusteapproach:# Individud slopes were then
combinel by weighted averageusing the inverse of their variances
as weights?s Fixed (FE) ard random (RE) effecs 95% confi-
dene intervak (Cls) were calculatel for the slope of the common
regressia slope The dose-resporescurve thus obtainel provided
estimats of the relative risk (RR) associaté with standad defi-
nitions of normd (referene category) overweigh and obe® peo-
ple. Thes were then combinel with country-specifi estimats of
the population prevalene to obtan the proportia of site-specific
casa attributabé to exces weight, accordirg to Cole and Mac-
Mahon's'é classich formula In addition to RR ard its variance,
estimation of the poolel slope requirel the distribution of cases
ard controls/person-yeatin the exposue categories.

Data abstractian and coding

As ameasue of exces weight we used BMI, calculatel as
weight divided by heigh square (kg/n?). This index recom
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mended in population studiés;1° estimates the level of fatnessselected by age, an important determinant of excess w#lgit,
independent of height in a general adult population. For each of thecial class. We therefore adopted the mean of the values in the
associations considered, we listed the major potential confounderther southern European countries,, Portugal, Spain and Italy.
We then abstracted and coded the following information: study
design, country, measure of fatness adopted, intervals of body
mass and corresponding adjusted RRs (rate ratios, odd ratios, - RESULTS
standardised morbidity/mortality ratios, hereinafter denoted &sevalence of overweight and obesity
RR), their 95% Cls, number of cases, number of controls/person-Estimates of the prevalence of overweight and obese subpopu-
years and confounders considered. The variance of the In RRs Watns by sex and country are shown in Table I. In both men and
derived from the 95% Cls by the following formula: women, excess weight (BM#25 kg/n?) was slightly more com

_ . o 2 , mon in southern Europe than in northern countries. The mean
study variance= [ In (upper 95% Ci—In (lower 95% C)I/(3.92°  prevalence was 61% for men and 52% for women in southern
Since body mass is measured on a continuous scale, expodtugope compared with 59% for men and 47% for women in the
intervals vary from study to study depending on the actual rangerth. Greater geographic variation was observed in women (35%
observed. We summarised closed intervals with their mid-poitt 68%) than in men (55% to 70%). The prevalence of obesity
and open intervals with-10% of their cut-point5-20We used in (BMI =30 kg/nT) varied between 9% (Spain) and 18% (Finland)
the quantitative analyses all study results expressing weight iagnen, while that among women varied between 10% (Denmark)
BMI and including all of the following items: extremes of theand 24% (Spain). With few exceptions (Denmark and the Nether-
exposure intervals adopted, corresponding RRs and their variantes¥ls), obesity was more prevalent in women, while overweight
or 95% Cls. Of these, only those also providing the distribution afas more prevalent in men.
cases and controls/person-years in the exposure categories could
be used to obtain the co-variance—adjusted estimates of the slop¥§ast cancer

For each cancer site, 3 meta-analyses were performed. The firdtre-menopausal womeBeventeen studies on pre-menopausal
analysis (model A) included all eligible studies suitable for metdréast cancer were eligible for our revié.*
analysis, the second (model B) was restricted to studies withOnly 9 studies could be used in the meta-analysis. They are
incident cases as outcome and the third (model C) was furttsfmmarised in Table Al The summary analysis showed that
restricted to studies accounting for major confounders. In mogbesity was inversely associated with pre-menopausal breast can-
cases, use of model C entailed a major loss of information. Modgg#r, with a RR of 0.98 per unit of increase in BMI (95% CI
B was therefore chosen to predict the RRs used in calculating h&7-0.99) (Table H). Limiting the analysis to studies with only
attributable risk when the results from model C were similar. incident cases, which meant omitting only 1 st#@ydid not
Attributable fractions of cancer were estimated for overweigmhange the point estimate. A further restriction to studies adjusted
(25 < BMI < 30 kg/m2 BMI = 27) and obese (BM# 30 kg/m?2 for age, reproductive factors and alcohol or ¢i&e4¢ only
BMI = 32) persons compared to those of normal weight (BMthanged the confidence limits.
20-25 kg/me BMI = 22) according to the WHO guidelines for a Because excess weight entails other major adverse effects on
healthy physical statl&:22 These were applied to the number ofhealth?® no attributable fractions for pre-menopausal breast cancer
incident cases, by country and sex, estimated for 1995 by tiwere estimated.
International Agency for Research on CangeThe incidence of  Menopausal women.Twenty-seven studies were eligi-
gallbladder cancer, not available from this source, was obtainggh 31-40.42,44,46,47.49-egonducted in North America (& 14), Eu-
from Cancer Incidence in Five Contineftsas national figures for rope (n= 9), China (n= 2) and Israel (= 1), with 1 multi-national
Sweden, Norway, Finland, Denmark and the Netherlands or &®dy. Four studies included a small number of pre-menopausal cases,
age- and sex-specific mean rates in the case of country registri@gresenting a maximum of 21% of cagess357.58

Rates for Portugal and Greece, where no cancer registry is activés gatistically significant positive association between obesity
were obtained by applying the average European mortality/in

h X "N¢Yhd breast cancer in post-menopausal women was reported in 7 of
dence ratios of gallbladder cancer basedGamcer Incidence in P P P
Five Continents$o national mortality from the WHO mortality data

bank?s TABLE | — PREVALENCE OF OVERWEIGHT (BMI 25.1-30 KG/f) AND
Prevalence of obesity in Europe OBESE (BMI = 30 KG{JNll\IZI)O’\lflEI\éYA'\Cl%lmQI'QEN IN THE EUROPEAN
Since data on the prevalence of overweight and obesity among Men Women
men and women at the country level could not always be identi- Country Overweight Obese Overweight Obese
fied, the most informative estimates were obtained from the WHO
MONICAZ26 and CINDPE? studies. These sources also have the Austria 48 12 29 17
advantage of complying with a common protocol of data collec- Belgiunt 49 15 36 20
tion, thus improving the comparability of the data for the different Denmark 44 1 25 10
countries. In the MONICA project, cross-sectional data were col- leang 50 18 38 20
lected between 1983 and 1986. Trained personnel measured heig (grr:r?anﬁ gg i% gg %
and weight in research centres. Each centre studied between 1,0 reecad 50 13 20 29
and 3,563 men and women, aged between 35 and 64 years. Thegjand 47 11 32 17
MONICA data are population-based but not necessarily represenitaly? 48 15 36 21
tative of the whole country. Data were available by sex but not in Luxembourd 45 14 33 18
subgroups of the study age group (34—64 years). The CINDIThe Netherlands 45 11 31 11
programme collected data between 1982 and 1987 on behaviouraRortugat 45 14 39 21
anthropometric and socio-economic characteristics of 24 countrie S\E’V%'gé I%:atalon?a ig 1(93 gg ig
including Austria, Northern Ireland and Portugal, with the aim of United Kingdon? 46 1 % 15

improving community health. Height and weight were measured in :
1,287 to 2,361 men and women aged 25 to 64 years. Neither of thd=uropean Union 50 13 35 19

2 projects included centres in the Netherlands, for which we usedwy o ciNDI study?” Men and women 20-59 years old in 1982—
data obtained from a random sample of 5,000 men and womegg7.2WHO MONICA study2¢ Men and women 35—64 years old in
aged 20-59 years, collected each year from 1993 to 1996 (data n@83-1986.2Mean of Italy, Portugal and SpaiffSeidell, personal
shown). For Greece, the only published @&e& were highly communication (1998). Men and women 20-59 years 1993-1996.
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TABLE Il A—SUMMARY OF SELECTED STUDIES OF OBESITY AND PREMENOPAUSAL BREAST CANCER AND RESULTS
OF DOSE-RESPONSE META-ANALYSES

Estimated dose-response per unit

Reference Study cases Country Confounders increase in BMI
Typé® Number Coefficient 95% Cl
36 CCP | 306 Canada A 0.98 0.94-1.02
37 CCP | 634 Denmark A 1.01 0.98-1.04
39 CCP I, P 751 USA A, RF 1.00 0.97-1.03
41 CCP | 420 Sweden, A, RF 1.01 0.96-1.06
Norway

42 CCP | 270 Canada A, ADP, RF 0.98 0.94-1.02
32 Coh | 137 Norway A 0.91 0.87-0.96
45 CCP | 1,588 USA A, ADP, RF 0.97 0.95-0.99
46 CCP | 1,427 USA ADP, RF 0.98 0.97-1.00
34 Coh | 1,000 USA A, RF 0.98 0.97-1.00
Summary analysis (number of studies)

A9 0.98 0.97-0.99

B (8) 0.98 0.97-0.99

C (3) 0.98 0.96-0.99

1CCH, case-control hospital-based; CCP, case-control population-based; Coh, éBhaiead cases; |, incident caséd-age; RF,
reproductive factors; ADP, alcohol, diet, physical exercise.

TABLE Il 8—SUMMARY OF SELECTED STUDIES OF OBESITY AND POST-MENOPAUSAL BREAST CANCER AND RESULTS
OF DOSE-RESPONSE META-ANALYSES

Cases Estimated dose-response per unit
Reference Study Country Confounders increase in BMI
Type® Number Coefficient 95% ClI
36 CCP | 517 Canada A 1.00 0.98-1.01
37 CCP I 489 Denmark A 1.01 0.97-1.04
52 Coh | 215>50: 30= 50:185 USA A 1.06 1.01-1.11
39 CCP I, P 1,017 USA A, RF 1.03 1.01-1.06
54 Coh | 221 lowa, USA A 1.01 0.97-1.04
42 CCP | 329 Canada A, ADP, RF 1.03 1.00-1.06
32 Coh | 99 Norway A 0.97 0.92-1.03
55 CCP | 439 USA A, RF 1.05 1.02-1.08
57 CCP I, P 306 Sweden None 1.02 0.98-1.05
60 CcC | 626 Netherlands A, ADP, RF 1.00 0.98-1.03
n
Coh

46 CCP | 4,921 USA ADP, RF 1.03 1.02-1.04
34 Coh | 1,517 USA A, RF 1.01 1.00-1.02
61 CCP | 2,704 Sweden A, RF 1.04 1.03-1.06
Summary analysis (number of studies)

A (13 1.02 1.02-1.03

B (12) 1.02 1.02-1.03

C (3) 1.03 1.02-1.04

1CCH, case-control hospital-based; CCP, case-control population-based; Coh, ébhaiead cases; |, incident caséd-age; RF,
reproductive factors; ADP, age, diet, physical exercise.

the 13 cohort studie¥,33.3542.52,56.59yhjle no significant associ- cases attributable to excess weight in Europe. In total, 8.5% of
ation was detected in the remaining%4.53.54.58.60Among the breast-cancer cases in women aged 50 years and over and 6.6% for all
population-based case-control studies, 7 showed a positive asages could be attributed to overweight and obesity. Table V shows the
ciation with obesit§9.40.47.49-51.55.61and 4 showed no associa-numbers of new cases attributable to excess weight. In all, 13,000
tion.37.38.46.57\\/e considered age, age at menarche, parity amdses of breast cancer could be avoided each year in the European
other reproductive factors to be the major potential confoundnion if overweight and obesity were eliminated.

ers. Twelve studies accounted for the main reproductive fac-

tors?4.35.39,40.42,46,47,49.55,59-@ind 3 for alcohol, diet and physical Colon cancer

exerciset?46.60 Nineteen studies on excess weight and colon cancer were eligi-
Thirteen studies contributed to the meta-analysis (Tatde Il ble15862-780f the 12 prospective studies, 4 analysed cancers of
We estimated a 2% increase in risk per unit increase in BMI (Rfe colon and rectum as 1 entity3.69.76
95% Cl 1.02-1.03, RE 95% CI 0.69-1.52) (Tablg)lILimiting Most cohort studies indicated a positive association between
the analysis to studies with only incident cases, which meag{erweight and colon cancefs63.66.70.71.75.76,7fhis was some-
excluding 1 study? did not affect the estimates. Further limita-what less consistent among women and was confined to older men
thnS- to Stud|es adJUSted fOI’ age, I’eprot_‘juctIVQ faCtOI’S and alCOInQIa Japanese cohd@.One prospective Study showed no associ-
or diet>4¢.5°marginally affected the point estimate and reducegkion in either sex4 A positive relationship was supported by most
heterogeneity between studies (RR 1.03 per unit of increaseggpulation-based case-control studi@s?.68.74.76.7gjenerally with
BMI; FE 95% CI 1.02-1.04, RE 95% CI 0.75-1.27). a higher RR but often with borderline significance. One case-
The estimates predict that the excess risk is 12% for overweight aswhtrol study showed no associati®nWe considered age, sex,
25% for obese women (Table ). Table IV shows the proportion damily history of colon cancer, ethnicity, social class, physical
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TABLE Il ¢c—-SUMMARY OF SELECTED STUDIES OF OBESITY AND COLON CANCER AND RESULTS OF DOSE-RESPONSE META-ANALYSES

Cases

Estimated dose-response per unit

Reference Study Country Age (years) Sex Confoundgrs increase in BMI
Type® Number Coefficient 95% Cl
68 CCP | 163 Sweden 40-80 M A, sex 1.08 1.03-1.12
189 F
69 CCP | 388 Australia All cases M A, ADP 1.03 0.98-1.08
327 F 0.98 0.95-1.02
71 Coh I, D 302 USA — M A, RF 1.05 1.01-1.09
73 Coh D 611 USA =30 M ADP 1.02 1.00-1.05
539 F 1.01 0.99-1.04
75 Coh | 203 USA 40-75 M — 1.04 1.00-1.08
77 Coh | 393 USA 30-55 F AP, FH, TA, HRT, AD 1.03 1.00-1.05
Summary analysis (number of studies)
A (8) 1.03 1.02-1.04
B (5) 1.03 1.01-1.05
C idem idem idem

1CCH, case-control hospital-based; CCP, case-control population-based; Coh, Gbhatead cases; |, incident caséé—age; ADP,
alcohol, diet, physical exercise; RF, reproductive factors; TA, tobacco, alcohol; FH, family history of disease; HRT, hormone replacement
therapy; AD, analgesic drug use.

TABLE Il b—SUMMARY OF SELECTED STUDIES OF OBESITY AND PROSTATE CANCER AND RESULTS OF DOSE-RESPONSE META-ANALYSES

Cases Estimated dose-response per unit

Reference Study Country (ﬁ'%?s) Confounderd increase in BMI
Typé Number Coefficient 95% ClI
83 Coh | 174 Japanese men, 46-68 A 1.04 0.99-1.09
Hawaii,
USA
84 Coh | 180 USA =25 A 1.02 0.97-1.07
88 CCP | 207 Canada — A 1.02 0.96-1.08
90 Coh | 2,368 Sweden — A 1.01 1.00-1.03
91 Coh | 1,338 USA 40-75 A, BMI 21 1.00 0.98-1.02
92 CCP | 325 UK <75 A 1.04 0.99-1.10
Summary analysis (number of studies)
A (6) 1.01 1.00-1.02
B idem idem idem
C idem idem idem

1CCH, case-control hospital-based; CCP, case-control population-based; Coh, Cbhatéad cases; |, incident caséd~age; BMI21,
BMI at age 21.

TABLE Il E— SUMMARY OF SELECTED STUDIES OF OBESITY AND ENDOMETRIAL CANCER AND RESULTS OF DOSE-RESPONSE META-ANALYSES

Cases Estimated dose-response per unit

Reference Study Country 02%‘?5) Confounderd increase in BMI
Type® Number Coefficient 95% CI

97 CCP | 400 USA 20-74 A, OC, RF 1.10 1.07-1.14
99 CCP | 268 China 18-74 A, RF 1.09 1.03-1.16
100 CCP | 376 USA 20-74 A, RF 1.06 1.02-1.10
101 CCP | 232 USA 40-85 A, RF 1.14 1.08-1.20
Summary analysis (number of studies)

A (4) 1.10 1.07-1.12

B (4) idem idem

Cc () 1.10 1.07-1.14

1CCH, case-control hospital-based; CCP, case-control population-based; Coh, Cbhaiead cases; |, incident caséé-age; RF,
reproductive factors; OC, oral contraceptive use.

exercise and diet as potential confounders. Most studies accourigéfo Cl 1.01-1.05, RE 95% CI 1.00-1.06). All of these studies
for age and 1 other of these confound&r87-69.71-78 accounted for age and at least 1 additional factor (alcohol, diet or
Only 6 of the studies reviewed could be included in the met&hysical exercise) so that model C coincided with model B.

analyse®869.71.73.75.7{Table llc). When results were available by The dose-response relationship estimated by model B corre-
sex, these were abstracted separately and considered as indepesgented to a 15% increase in the risk of developing colon cancer
observations in our meta-analy&¥s3 Since the meta-analysesfor an overweight person compared with a person having a normal
showed no significant heterogeneity by sex, only the combined resuitsight and a 33% increase in risk for an obese person (Table III).
are reported. We found a positive association between excess weilyie proportion of colon cancers attributable to excess weight
and colon cancer, the average RR being 1.03 (95% CI 1.02-1.04) aatong Europeans is 11% in either sex (Table IV). Excess weight
unit increase in BMI. Restriction of the analysis to studies havirgccounts for about 11,000 new cases of colon cancer in men and
incident cases as outcofaé®.7>77did not affect the estimate (FE 10,000 in women every year (Table V).
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TABLE Il F—SUMMARY OF SELECTED STUDIES OF OBESITY AND KIDNEY CANCER AND RESULTS OF DOSE-RESPONSE META-ANALYSES

Cases

Estimated dose-response per unit

Reference Study Country ()2%'?3) Sex Confounders increase in BMI
Typé Number Coefficient 95% ClI
104 CCP P 313 USA 30-64 M A KS, T 1.03 0.99-1.07
182 F 1.10 1.03-1.16
105 CCP | 209 USA =40 M A 1.10 1.05-1.16
105 F 1.03 0.96-1.09
107 CCP | 310 Australia 20-79 M A 1.07 1.01-1.13
179 F 1.03 0.98-1.08
109 CCP | M:282 Canada 25-69 M AT 1.03 0.98-1.09
F:181 F 1.12 1.05-1.20
110 CCP | M:1,050 Multinational 20-79 M AT 1.06 1.03-1.09
F:682 F 1.07 1.04-1.09
111 Coh D M:212 USA =30 M A 1.06 1.02-1.10
F:123 1.09 1.04-1.13
112 Coh | F:62 USA 55-69 F A 1.12 1.03-1.21
Summary analysis (number of studies)
A (13 1.06 1.05-1.34
B (7) 1.06 1.05-1.08
C (4) 1.06 1.05-1.08

1CCH, case-control hospital-based; CCP, case-control population-based; Coh, éBhalead cases; |, incident caséé\-age; KS, kidney
stones; T, tobacco; TC, tobacco, coffee.

TABLE Il ¢ - SUMMARY OF STUDIES OF OBESITY AND GALLBLADDER CANCER AND RESULTS OF DOSE-RESPONSE META-ANALYSIS

Cases

Estimated dose-response per unit

Reference Study Country Age (years) Sex Confound@rs increase in BMI
Typé Number Coefficient 95% ClI
115 CCH | M, 13 Bolivia, Mexico All cases M, A, sex 1.09 0.90-1.33
15%;
F, 85%
F, 71
116 CCP | M, 44 Australia, Allcases M A, Sex, TA, SES 0.99 0.87-1.11
Canada,
Netherlands,
Poland
F, 145 F 1.08 1.01-1.15
Summary analysis: 2 studies, 3 observations 1.06 1.00-1.12
Model
A =B

1CCH, case-control hospital-based; CCP, case-control population-based; Coh, éBhdead cases; |, incident casé#\-age; TA, tobacco,

alcohol; SES, socio-economic status.

TABLE Il —RR ASSOCIATED WITH OVERWEIGHT AND OBESITY
PREDICTED BY COMMON DOSE-RESPONSE SLOPES, BY CANCER SITE

Prostate cancer

Seventeen studies of obesity and prostate cancer were eligible

. Ovsrsvé?éh% RR for obesg for review1.58.79-92a]| were conducted in North America or Eu-
Cancer site vs. normal "S\,-V’e‘?éma' rope. Twd-58 of the 9 cohort studies reported a significant asso-
weight ciation between excess weight and prostate cancer, while the
Breast in post-menopausal women 1.12 1.25  others found no associatiGh?0.63.84.87.90.91 positive association
Colon 1.15 1.33 was supported by 2 of the population-based case-control stud-
Endometrium 1.59 2.52 ies8s-89 put the majority showed no relationship with obesi-
Prostate 1.06 112 ty.80.81.82,86,88.92\\/e considered age, family history of prostate
Kidney 1.36 1.84 cancer, ethnicity, social class, diet, physical activity and occupa-
Gallbladder 1.34 1.78 tional exposures to be the most important potential confounders for

the association between obesity and prostate cancer. Most of the
cohorg2.84.90gnd case-contrd}82.88.92studies accounted only for
age.

Only 6 of the studies qualified for meta-analysis, 4 cohort
The statistical test on the log-linear assumption of the dosgtudies, all with incident casé384.20.91and 2 population-based
response was not significant in model A € 0.67 based on 11 case-control studi€%22(Table Iib). All studies accounted for age
observations) but close to the conventional 5% cut-point fayut none of the other potential confounders. Models A, B and C
models B (p = 0.07, n= 8) and C (o = 0.11, n= 6). The were therefore identical. Elevated BMI was positively associated
second-degree model under restriction B would predict RRs with prostate cancer but with borderline statistical significance.
1.30 and 1.54 for overweight and obese, respectively, corrEhe RR was 1.01 per unit of increase in BMI (FE 95% CI
sponding to twice the excess risk of the log-linear model. If w&.00-1.02, RE 95% CI 0.80-1.28) (Table)Ll
accepted this model, attributable fractions and number of at-The estimated RR corresponded to a 6% increase in risk of
tributable cases for colon cancer would be approximately twiggostate cancer for an overweight man compared with a normal
those reported. weight and to a 12% increase in risk for an obese man (Table 11).

10bese, BMI= 30.-2Overweight, 25=< BMI < 30.
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TABLE IV —PROPORTION OF CANCER CASES ATTRIBUTABLE TO OVERWEIGHT AND OBESITY IN THE COUNTRIES
OF THE EUROPEAN UNION, BY CANCER SITE

Count Breast Colon Endometrium Prostate Kidney Gallbladder Total

ountry women Men Women women men Men Women Men Women Men Women
Austria 7.4 10.5 9.5 35.1 4.2 23.9 21.9 22.6 20.7 3.7 6.0
Belgium 8.8 11.6 11.2 40.8 4.6 25.9 25.9 24.8 24.4 2.9 6.7
Denmark 5.4 9.7 6.8 26.0 3.9 22.1 16.0 20.9 15.1 2.9 3.9
Finland 9.1 12.6 11.6 41.6 5.0 28.4 26.4 26.8 24.9 4.4 7.2
France 7.6 10.7 9.6 35.6 4.3 24.2 22.2 22.8 21.0 3.1 6.1
Germany 8.8 12.7 11.2 40.4 51 28.5 25.6 27.0 24.1 4.9 6.8
Greece 10.0 11.1 12.4 44.2 4.4 25.1 28.2 23.7 26.6 2.1 5.9
Ireland 7.8 10.1 9.9 36.4 4.0 22.9 22.8 21.7 21.5 3.1 5.0
Italy 9.1 114 11.6 41.7 4.6 25.9 26.5 24.5 25.0 3.1 7.5
Luxembourg 8.1 10.7 10.3 37.8 4.3 24.5 23.8 23.1 22.4 2.6 6.7
Netherlands 6.3 9.8 7.9 29.8 3.9 22.4 18.5 21.2 17.4 3.1 4.8
Portugal 9.5 10.7 12.0 42.9 4.3 24.5 27.3 23.1 25.8 2.9 7.1
Spain 10.7 10.8 13.5 47.3 4.4 24.1 30.5 22.8 28.8 2.6 8.8
Sweden 6.3 9.5 8.0 30.0 3.8 21.7 18.6 20.5 17.5 3.8 5.2
United Kingdom 7.8 10.0 9.8 36.1 4.0 22.7 22.7 21.4 21.4 2.7 4.9
European Union 8.5 11.1 10.7 39.2 4.4 25.5 24.5 24.8 23.7 3.4 6.4

TABLE V —NUMBER OF NEW CANCER CASES ATTRIBUTABLE TO OVERWEIGHT AND OBESITY IN THE COUNTRIES
OF THE EUROPEAN UNION AROUND 1995, BY CANCER SITE
Count Breast Colon Endometrium  Prostate Kidney Gallbladder Total

ountry women Men Women women men Men Women Men Women Men Women
Austria 260 240 200 290 110 130 90 60 80 530 930
Belgium 430 300 300 420 190 170 120 40 70 700 1,340
Denmark 140 160 110 170 50 80 50 20 20 320 490
Finland 210 120 120 260 120 110 90 50 40 400 730
France 1,840 1,760 1,440 1,680 850 900 410 210 360 3,720 5,730
Germany 3,340 2,950 3,020 2,920 1,390 2,080 1,210 1,520 1,230 7,940 11,720
Greece 300 170 170 250 70 140 70 20 30 400 820
Ireland 90 90 70 80 40 30 20 10 20 180 280
Italy 2,180 1,870 1,670 3,550 620 1,340 670 440 540 4,270 8,600
Luxembourg 10 10 10 20 10 <10 <10 <10 <10 20 50
The Netherlands 480 400 330 420 250 230 130 90 80 970 1,440
Portugal 280 290 260 430 90 100 60 30 60 510 1,080
Spain 1,080 990 1,050 1,660 320 470 280 230 570 2,020 4,640
Sweden 290 240 200 340 210 140 90 90 100 690 1,020
United Kingdom 1,950 1,560 1,490 1,760 680 700 440 180 250 3,120 5,890

European Union 12,870 11,150 10,460 14,230 4,990 6,640 3,740 3,010 3,450 25,790 44,750

Based on the estimated RR, the proportion of prostate cancer§he estimate obtained in analysis A/B implied an increase in
attributable to overweight and obesity among European men is 4%k by 59% for overweight women compared with normal weight
(Table IV). This corresponds to 5,000 new cases per year (Table ¥hd 152% for obese women (Table 1ll). The proportion of endo-
metrial cancers due to obesity in European women was estimated
Endometrial cancer at 39% (Table IV), equivalent to 14,000 new cases per year (Table V).

Fourteen studies on endometrial cancer were included in tR@iney cancer
review1:33.58,93-103] was conducted in China and the others in

. ) We found 11 studies on kidney cancer eligible for re-
North America or Europe. All but?E of the cohort Sgﬂ%‘ﬁz’iifﬁs view 1.58.104-112A| were conducted in affluent countries. All but
and all population-based case-control stuti€s®7.99.100101.193 5105112 jnelyded men and women. The case-control study was

showed a positive association between endometrial cancer gfgted to cases of renal-cell cancer, the type responsible for 80%
excess weight. Associations were stronger with overweight agl 9095 of all adult kidney neoplasmg] while 2 of the cohort
obesity late in [if€® and for women with metastatic dise#Se. stydies included renal-cell and renal pelvic canééfsA positive
Besides BMI, measurements of waist-to-hip ratio and of skinfolgssociation with obesity was reported in all but 2 studig;this
have been used in studies of endometrial caPE-1021%%lso  \yas somewhat stronger in women than in ri@#p4.105.107-11y/e
indicating a positive association. We considered age, social clagsnsidered age and smoking to be the major potential confounders

parity, use of oral contraceptives and hormone replacement thgythe association between obesity and kidney cancer. All but 2
apy as the main potential confounders. Half of the selected studiggdies 106 adjusted for age, but only 4 adjusted for smok-
adjusted only for agé-58.93.%4or for no confounder$>.102Three ng.104,106,109,110

studies adjusted for all of the major confound®F$2.103 In 2 of the studies, BMI was calculated as kd/frfor wom-

Only 4 studies provided enough information to be included ign107.110Tq include these studies in the meta-analysis, we recal-
the meta-analysi3°°-104(Table lE). The average increase in RRculated BMI (kg/nf) by dividing the estimate (kg/fP) by the
was 1.10 per unit of increase in BMI (95% CI 1.07-1.12) (Tablequare root of height, using a value of 1.64 m, based on the mean
I1E). All of these studies included incident cases, and models A ahdight for women in North America, the Netherlands and Sweden.
B were therefore identical. Only 1 study qualified for analys® C. Of the 7 studies included in the meta-analy/&igo5.107,109-112
Restricting the analysis to this single study affected only the CTable IIF), all but 1 provided separate results for men and women
(RR 1.10, 95% CI 1.07-1.14). (contributing 13 degrees of freedom for the estimation of RR).
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Overweight and obesity were positively associated with kidne VEFI@E%H\Q /;NFE)R8FégEFTIQBIINOTFHEAIE\ISFI{ESP&%ESN?OTLRIg\t(JTé\ngTROSITE
cancer (RR= 1.06 per unit of increase in BMI, 95% CI 1.05-1.34) :

(Table IF). Restricting the analyses to studies based only on Men Women

incident casg$5.107.109,110.11xnd further to studies that adjusted Overweight ~ Obesé  Overweight ~ Obesd

for age and smokir§®-11°changed the estimates only marginally.

Models B and C gave the same estimates for the log-linear rela-Breast 4.1 4.5
Colon 6.9 4.2 5.0 5.7

tionships between BMI and risk of kidney cancer, though fewer E

studies contributed to the second. We did not detect heterogeneitppgsg;ntgmum 2.9 1.6 172 220
by sex: the results of model B in men and women estimatedKidney 15.2 10.3 11.1 13.4
separately were 1.06 (95% Cl 1.03-1.08) and 1.07 (95% ClGallbladder 14.7 10.1 10.7 13.0
1.05-1.09), respectively. All cancer sites 2.1 1.3 2.9 35

Estimated RR corresponds to an increase in risk of 36% for an, N _
overweight person compared with one of normal weight and an ©Pese, BMI= 30.~Overweight, 25= BMI < 30.
increase of 84% for an obese person (Table Il). In the European

i 0, 0,
Union, about 25% of male cases and 24% of female cases OtA clear gradient from north to south is observed for the male to

kidney cancer can be attributed to excess weight (Table V). TI'%' > . .
; ale ratio of attributable cases. High body mass accounts for 3
corresponds to over 10,000 new cases of kidney cancer annu ﬁrmas more cases in women than in men in Spain, Greece and

(Table V). Portugal, while in northern Europe, the ratics2, mainly because
Gallbladder cancer of the higher occurrence of tobacco-related cancers in men in

We found so few epidemiological studies of gallbladder cancPrthern Europe.
that eligibility criteria could not be applied. The 6 studig113-116
are summarised in Tabledl The results of these studies are DISCUSSION
conflicting. An excess of deaths from cancer of the gallbladder or

biliary ducts was observed in women weighing 10% more than the ’ - .
average population, but no excess risk was observed inime ncer in the European Union are related to obesity and a further

Furthermore, no association was found for either sex in a Danish:000 cases to overweight. Most likely, these are conservative
cohort study® All but 1113 of the case-control studies indicated arfStimates if the association of BMI with several other cancer sites
increased risk of gallbladder cancer with obesity. However, thg confirmed. Our findings have considerable public health rele-
association was limited to women in the large multi-centre study Jf"Ce Since they suggest that it is possible to prevent an apprecia-
Zatonskiet al.116 This was also the only study that controlled for?'€._Proportion of cancer cases by maintaining a healthy body
the potential risk factors age, alcohol drinking, tobacco smokirﬁﬁ;'gh.t' In terms of number of cases, reduction of body mass would
and socio-demographic characteristics. ve its greatest effects on endometrial, breast and colon cancers.
Only 1 study?s provided sufficient information to estimate a We quantified the proportion of cancers attributable to excess
dose-response relationship, and this was conducted in South AnfSpdy mass for selected cancer sites in the European Union, fol-

; ecing i iy _ lowing a systematic approach. For this purpose, we implicitly
ica. The only data missing in the largest st ere the cut sumed that the associations considered were causal. The concept

points corresponding to the BMI quartiles that define eXPOSUﬂi litv in ob i | sci has b i hiv di
levels. We tested the extent to which different assumptions on tf causaiity in observational sciences nas been thoroughly dis-

distribution of the BMI, within reasonable limits, would affect thecUSSed in the epidemiological literatufe-1°The assumption of
usality is established based not only on epidemiological evi-

estimated slope and found variations on the order of 1/1,000. h ’ - :
therefore included this study in our calculations, assuming 4§MC€ but also on information from other domains, such as animal
cut-points those given in the study of kidney cancer by MellenXPeriments and molecular biologs? _ _

gaardet al, 10 which was conducted with similar methodology in Walter2%.122 discussed the concept and interpretation of the
the same populations. Data for men and women were includedaibutable fraction. For a multifactorial disease such as cancer,
independent observations. We found a positive association<RRthe impact of a causal factor in determining the cancer burden in
1.06 per unit of increase in BMI, 95% CI 1.00-1.12). The resul& given population might be modified by the prevalence of co-
are presented in Tabledl factors. Any intervention to reduce excess weight would entail the

The estimated association predicted 34% and 78% increase?}ﬂdiﬁcaﬂqn of nutritional habits towards a different composition
risk for overweight and obeses. normal subjects, respectively Of the habitual diet to reduced energy intake (increased consump-
(Table IIl). As a result, 24% of these rare cancers are attributat@? ©f vegetables at the expense of sources of protein, fat and

to excess body mass in the European Union (Tableil¥),6,000 carbqhydrates) and incr_eased physiqal exercise. The latter 2 may
new cases per year (Table V). play independent roles in the causation of the same cancers, and

. ) the overall impact of interventions to reduce excess weight might
All sites combined therefore be greater than that estimated in our work.

The strongest relationships between excess weight and cancéie carried out these meta-analyses to obtain quantitative esti-
risk were for cancers of the endometrium, kidney and gallbladderates of the strength of the associations considered; their statisti-
(Table 1), giving correspondingly high attributable proportions: Zal significance was, therefore, not a critical aspect of the evalu-
of 5 endometrial cancer cases and 1 of 4 kidney and gallbladagion. We tried to limit the impact of biases potentially affecting
cancers (Table V). These are, however, relatively uncommon sitasservational studies by selecting all those which satisfyiori
and, thus, add little to the total burden of disease (Table V). Tleharacteristics of study design so as to mimic the situation of
largest number of attributable cases is for colon cancer, wiffooled analyses of experimental studies. By selecting large studies
21,500 cases annually due to overweight and obesity, or 1.5%weé meant to reduce “publication” bias (failure to include negative
the 1.5 million annual new cases in the European Union. Overatudies never published because of their outcome). These take
excess body mass accounts for 5% of all cancers, 3% in men autvantage of external funding and are therefore bound to report
6% in women (Table VI), corresponding to 27,000 male antheir results. The(a priori) limitations which we imposed in
45,000 female cancer cases yearly. Overweight accounts fodefining studies eligible for the analysis, therefore, were aimed at
slightly higher proportion of cases among men, while cancer casegroving the validity of our results.
due to obesity are more common among women. Conversely, an unwanted limitation is that not all published

The greatest attributable proportion of cases, for women, ssudies provide sufficient information to permit their inclusion in
estimated in Spain and, for men, in Germany. our analyses. This is a limitation always faced in meta-analyses

Our analysis indicates that each year about 34,800 new cases of
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relying only on material as published. For each cancer site, severaDverall, our results are in agreement with fractions attributable
of the eligible studies could not be included in the meta-analysis obesity computed for the Nordic countries in a previous
due to at least 1 of the following conditions: use of measures sfudy126 Exceptions are estimates of endometrial and prostate
obesity other than BMI, missing RR or 95% CI. The effect of thigancers, which are lower in our results, and the attributable pro-
forced selection on the point estimates of the slopes is unpredigbrtions of gallbladder cancers in women, which are higher. The
able but certainly not biased by priori hypotheses. One can differences for prostate cancer are explained by different RR
instead affirm that their 95% Cls do not reflect the amount Qfjyes (1.12 in our studys. 2.0). Other differences are therefore
information published and would have been narrower if all infory e 1 differences in the estimated prevalence of obesity. Our
. e esliztimate of menopausal breast cancer attributable to overweight

mated the RR in 3 models, with gradually increasing restrictions j, 5 greement with an estimate obtained from direct observa-
for inclusion criteria. For all of the 6 cancer sites studied, the R o127

and 95% Cls thus obtained were virtually the same. . . )
The cut-points of BMI which we adopted to define the popula- We aimed at quantifying the magnitude of the problem of

tion at risk are those recommended by WHO. These are baseddf™eight as a basis of the potential of interventions to reduce
evidence that mortality (all causes) increases significantly wiff"cer burden. Over 70,000 cancer cases in the European Union

BMI above 25 kg/n® which applies to several diseases common if12y be attributed to overweight and obesity, corresponding to 5%
Western countrie&22Since the ultimate objective of this kind of Of all cancer cases. It is probably unrealistic to aim at eliminating
exercise is to provide a basis for public health priorities, theompletely this factor in Europe, where approximately 50% of the
definition of the “at-risk” population should be consistent witfadult population is either overweight or obese; however, a sub-

general guidelines.

stantial number of cancer cases could be avoided by halving that
We used non-national prevalence data obtained from 2 condi€valence. Because excess weight is on the increase in most

tent source®:27 to improve comparability of the data from theEuropean countrie®® adverse effects might therefore be even
different countries considered, possibly at the expense of repfgore pronounced in the future. Translation of the present findings
sentativeness. National estimates for the relevant period have b&é@ preventive strategies should become an important public
published for 3 countries. In the age range of the MONICA studfealth priority.

the prevalence of obesity in Germany in 195Qvas similar to the
figures we used. In the United Kingdom, national estimates of
population excess weight (BM#25 kg/nf) in 1980 were greater
than the MONICA figures by 7% and 11% in men and women,
respectivelyt24 In Swedish men, national estimates from 1988 to We are grateful to Dr J.C. Seidell, for providing data on the
198925 were 13% lower than the figures we used. There were poevalence of excess weight in the Netherlands, and Dr J. Cheney

comparable data for Swedish women.
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