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Excess Body Weight and Increased Cancer Risk;

International Expert Group Evaluations,
IARC (2002) and WCRF (2007)

“sufficient / convincing” “limited evidence /
evidence probable relationship”
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BMI and risk of Kidney cancer;
a meta-analysis of
epidemiological studies
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Lancet Oncol, 2002




BMI and risk of Adenocarcinoma of the Esophagus; a meta-analysis of

epidemiological studies
Bianchini, Kaaks & Vainio,

Lancet Oncol, 2002
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Proportion of cancer cases attributable to overweight
and obesity in the USA and the European Union

25<BMI<30 BMI 30+ PAF% PAF%
(overweight) (obese)

RR RR United European
States Union
Breast (post.) 1.3 1.5 22.6 16.7
Endometrium 2.0 3.5 56.8 45.2
Colon, men 1.5 2.0 20.8 14.2
Colon, women 1.2 1.5 22.6 16.7
Gallbladder 1.5 2.0 35.5 27.1
Pancreas 1.3 1.7 26.9 19.3
Renal Cell 1.5 2.5 42.5 31.1

Calle & Kaaks, Nat. Rev. Cancer, 2004



Estimated trend in the relative risk of cancer by type,

per 10 unit increase BMI.

*Restricted to never users of hormone replacement therapy

All women Never smokers
Cancer site or type No of Relative risk Relative risk No of Relative risk Relative risk
cases (95% CI) (95% CI) cases (95% CI) (95% CI)
per 10 unit per 10 unit
increase in BMI increase in BMI
Endometrium 2657 2.89(2.62103.18) —| 1485 2.98 (2.63 t0 3.39) -
Adenocarcinoma of oesophagus 150 2.38 (1.59 to 3.56) —— 53 2.99(1.51t05.90)
Kidney 723 1.53(1.27 to 1.84) = 319 1.72(1.30t0 2.28) e
Leukaemia 635 1.50(1.23 to 1.83) fe 318 1.79(1.35t0 2.38) —a—
Breast (postmenopausal)* 5629 1.40(1.31to 1.49) . 2855 1.41(1.28t0 1.55) [ - |
Multiple myeloma 491 1.31(1.04 to 1.65) =3 253 1.25(0.90to0 1.73) to—
Pancreas 795 1.24(1.03 to 1.48) 305 1.26(0.94t0 1.69) -—
Non-Hodgkin’s lymphoma 1509 1.17 (1.03 to 1.34) 718 1.17(0.97 to 1.42)
Ovary 2406 1.14(1.03 to 1.27) 1256 1.12(0.97 to 1.30)
Bladder 615 1.09(0.89 to 1.34) 206 1.02(0.71t01.48)
Cervix 330 1.04 (0.79 to 1.38) 118 0.93 (0.58t01.51)
Brain 571 1.01(0.81 to 1.26) 289 1.04 (0.77 to 1.42)
Colorectum 4008 1.00(0.92 to 1.08) 1884 1.04 (0.92t01.18)
Malignant melanoma 1635 0.94 (0.82 to 1.07) 891 1.02(0.85t01.22)
Stomach 521 0.90(0.721t0 1.13) 170 0.89 (0.59to 1.34)
Breast (premenopausal) 1179 0.86(0.73 to 1.00) 636 0.84 (0.68 to 1.04)
Lung 3171 0.74 (0.67 to 0.82) 269 0.82(0.59101.13)
Squamous cell carcinoma 263 0.26(0.18t00.38) = 83 0.32(0.17t00.63) =
of oesophagus
01 2 3 4 5 0 1 2 3 4 5

Reeves, G. K et al. BMJ 2007:335:1134
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Mumber of children
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Million Women Study collaborators, Lancet2005 6235 108(068-172)
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Relative risk of breast cancer by BMI category and current hormone use
among postmenopausal women (n = 103,344); the EPIC study.
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Conclusions (1)
Excess body weight and cancer risk

« Excess body weight has been consistently related to increased risks of
cancers of the colon, breast, endometrium, kidney (renal cell),
esophagus (adenocarcinoma), and pancreas.

« More recent studies indicate possible increased risks also for
leukemias, non-Hodgin lymphomas, multiple myelomas and ovarian

cancer.



All-cause mortality versus Body Mass Index (BMI);

a collaborative analysis of 57 prospective studies.
(excluding first 5 years of follow-up)

282 Male

32

26-
iy 260

: 7
351 414 146
: 205 192

. 1219
Female

Yearly deaths per 1000 (95% C1)
_.—
N
N
—.—
]

184 : 17:0

: 3624
151 - : 169 |

\ 153 147
14.5 8052 ’

8920 - 2 284
| 14437 A ‘
14497 ! 557
201
: 114
: 931
105 :
! 10-4
+ ; - 1688
95 :
P92 2415
S T
3146 II :

3366

3995 |

8 “7/ T T T
0 15 20 25 30 35 40 50
Baseline BMI (kg/m?)
r at risk
Males 2218 24522 91102 160298 138592 62071 23342 7360 2462 843 540
Females 3295 34617 88348 86970 57023 30824 18372 9366 5100 2821 2738

Numbe

Prospective Studies Collaboration, Lancet, March 2009



30+

263
Current
cigarette
’," smoker
25
¥ a
20
166
>} Never
2 smoked
g’ / reqularly
% 15— " 6n
g8 8837
% 11~9,,”'l
H All-cause Mortality in relation
10 to BMI; collaborative analysis
of 57 prospective studies.
1 . .
1801 3501 (excluding first 5 years of follow-up)
5- - - -
Prospective Studies Collaboration,
Lancet, March 2009
0 S L
2o | RN | ! 1
0 15 ; 20 ; ; 25 { s 30 ' 35 : 50
," '," i Baseline BMI (kg/rp’ ) :
Number at risk ! H : | N ) :
Current cigarette 26467 64330 79639 59063 27016 14901 2883
Other (not shown) 15065 49960 80153 70322 33601 20480 4870

Never 23120 65160 87476 66230 32278 23059 6751



Combined effects of BMI and smoking on mortality rates;
45,920 Swedish Men; Nation-wide cohort followed over 38 years.
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Body Mass Index vs. Mortality rates at ages 35-79 years,
for main disease categories vs BMI;
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Adjusted Relative Risk of Death among Men and Women, According to
BMI, Waist Circumference, and Waist-to-Hip Ratio.
European Prospective Investigation into Cancer and Nutrition
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Adjusted Relative Risk of Death among Men and Women, According to Waist
Circumference and Waist-to-Hip Ratio after Adjustment for BMI.
European Prospective Investigation into Cancer and Nutrition
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Adjusted Relative Risk of Death among Men and Women, by
tertiles of BMI and quintiles of Waist Circumference or Waist-to-Hip Ratio.
European Prospective Investigation into Cancer and Nutrition

0oQl oQ2 aQ3 oQ4 xQ5
A Men, Waist Circumference B Men, Waist-to-Hip Ratio
2.54 2.5+ {
% 20 { ‘ + ¥ 20 % %
[ [
Q LS—% % o 1.5-%%% %% \%%%
3 [ [L |2 4
-2 N @
10 f ] 10
0.5 0.5
Third 1 Third 2 Third 3 Third 1 Third 2 Third 3
(<24.9) (24.9 to <27.7) (227.7) (<24.9) (24.9 to <27.7) (227.7)
BMI BMI
C Women, Waist Circumference D Women, Waist-to-Hip Ratio
2.54 2.5+
= 2.0 % 2.0+
@ 3
g 157 } + }[{ ® 157 { % 1} {(
= k<
&’IOLH Alrl R éleIH | IJ’l%
e ‘l’ T | T l i i '[‘ | ‘i -k
[
=]
0.5 0.5
Third 1 Third 2 Third 3 Third 1 Third 2 Third 3
(<23.0) (23.0 to <26.6) (226.6) (<23.0) (23.0 to <26.6) (226.6)
BMI BMI

Pischon et al., New Engl J Med 2008; 359: 2105-20



Conclusions (2)
Excess body weight and mortality

BMI shows a non-linear (*J-shaped”) relationship with overall mortality,
as well as with mortality due to broad categories of causes: cancer,
cardiovascular disease.

This non-linear relationship exists among smokers as well as non-
smokers.

Mortality increases with increasing waist circumference — a measure of
abdominal obesity — at all levels of BMI

Waist circumference is more strongly related to mortality in the lower
BMI categories.

Possible reasons for the excess mortality at lower BMI:
— Higher prevalence of smokers at low BMI
— Pre-existing iliness

— Ratio of (intra-) abdominal adipose tissue to lean body (particularly
muscle) mass.

Physical activity lowers risk of many chronic diseases and oiverall
mortality, independently of BMI



Thank you for your attention !



Cancer site or type No of Relative risk

cases (95% CI)
per 10 unit
increase in BMI
Breast
Premenopausal 1179 0.86 (0.73 to 1.00)
Postmenopausal 5629 1.40 (1.31to 1.49)

%2 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 t0 4.61)

%2 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 t0 1.31)

% for heterogeneity=0.3, df=1, P=0.6

Colorectum
Premenopausal 136 1.61 (1.05 to 2.48)
postmenopausal 1743 0.99(0.88101.12)

%2 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 t0 0.86)

%2 for heterogeneity=0.2, df=1, P=0.7

Non-Hodgkin’s lymphoma
Premenopausal 60 1.33(0.70to0 2.52)
Postmenopausal 627 1.09 (0.89 to 1.34)
% 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)

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

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

n

Estimated relative risk of cancer
incidence per 10 unit increase in
BMI, by menopausal status.

(Adjusted for age, SES, age at first birth,

parity, smoking status, alcohol intake, and
physical activity)

Reeves, G. K et al. BMJ 2007;335:1134




Blood pressure and blood lipid profiles in relation to BMI;
a collaborative analysis of 57 prospective studies
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Males (%)

Prevalence of alcohol drinking, smoking and type-Ii

diabetes mellitus by category of BMI;
a collaborative analysis of 57 prospective studies
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Cardiovascular Mortality vs BMI, in the upper BMI range (25-50 kg/m?);
(hazard ratios for 5 kg/m?increase in BMI)

A 1schaemic heart disease B stroke
Numberof Mean age HR (95%CI) Numbercf  Mean age HR {95% Cl)
deaths atdeath deaths atdeath

Follow-up period (years)
0-4* 2069 602 == 126 (116-1.36) 583 625 — 121(105-1-41)
5-9 3291 62.9 '.' 1:33(124-1-43) 889 656 —— 136 (1-20-1.54)
10-14 3407 661 1430133153 906 69.0 R 1:37 (1-20-156)
15+ 4085 712 -.. 142 (134-151) 1369 734 . 138 (124-1.53)
“Years 0-4 are excluded : Trend, 4 groups: x,*=6-6 (p=0-01) : Trend, 4 groups: y,°=1-4 (p=0-2)
from analyses below : :
Age at risk (years) :
35-59 2461 54-1 - 150(139-162) 463 537 i —a— 176(152-2:04)
60-69 3904 646 .' 1.40(132-1:49) 997 649 - 149 (134-167)
70-79 3264 740 . 1:31(1-23-1-40) 1152 743 —— 133(119-148)
80-89 1154 834 — 1-30 (1-17-1-45) 552 835 —f— 110 {0-94-1-30)

: Trend, 4 groups: x,*=7-8 (p=0-005) Trend, 4 groups: y,*«19:4 (p<0-0001)
Sex R H
Male 8556 657 B 2o 2132 68.4 . 150 (1:38-1-65)
Fermale 2227 724 . 1.35(1.28-1.43) 1032 732 - 130 (1-19-1.42)

' Heterogeneity: y,’=1-4 (p=0-2) : Heterogeneity: y,’=5-4 (p=0.02)
Smoking at entry
Never smoker 2651 710 ' 1.41{133-150) 1062 727 - 138 (125-1.52)
Other/unknown 3442 68-0 | 145(1:36-154) 921 711 — - 147 (1.30-1.65)
Current cigarette 4690 641 . 1-33(1:25-1-41) 181 665 —.— 134 (1:20-1-50)

: Heterogeneity: x,°=3.7 (p=0-2) Heterageneity: y,«1.2 (p-0-6)
Stroke subtype : :
Ischaemic : 765 718 —a— 138 (1-23-1:56)
Haemorrhagic 571 662 w 153(1.32-1.78)
Subarachneid : 242 610 ——e—— 119 (0.94-1.52)
Undlassified 2 1586 78 - 1:40(1:28-153)

: Heterogeneity: y,’=3 2 (p=0-4)
Al 10783 671 ¢ 139(134144) 3164 699 < 139 (1:31-1.48)
(BMI 25-50 kg/m’, years 5+) :

= T T T

1 15 70 1 15 20
Hazard ratio (95% C1) for § kg/m? Hazard ratio (95% CI) for 5 kg/m?
higher baseline BMI higher baseline BMI

Prospective Studies Collaboration, Lancet, March 2009



Excess body weight and cancer risk;

the European Prospective Investigation into Cancer and Nutrition
("EPIC”)

« Pischon et al., JNCI 2006, colorectal: waist circumference and
WHR directly associated with colon cancer risk; in women only
among non-users of HRT.

«  Berrington-de-Gonzalez et al., CEBP 2006, pancreas: small, non-
significant increase in risk with increasing BMI

« Pischonetal., Int J Cancer 2006, kidney (renal cell); direct
association of BMI and WHR with risk.

*  Friedenreich et al., Cancer Causes Control 2006, endometrium:
Increased risk among women with elevated BMI, but after
menopause only among non-users of HRT.

- Britton et al., Haematologie 2008, large B-cell lymphoma:
Increased risk among women with high BMI.
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Casesf

1 HTF 9y population Relative risk
Million Women” Cohort, UK (10005) (95% CI)
Relative risk of endometrial cancer  ailcontinuous combined 73606  071(056-090) -
in women who last used Pattern of use of HRT at recruitment :
: : Recency of usa :
continuous combined HRT, by Cument 64583 0.75(058-097) .-
Past 9/11.2 052 (3-27-1-00] — ]
reported pattern of use of HRT at Totalduration of se of any HRT l
' ' <5 years 2%/343  055(0-37-0-80) —.—
recruitment and by various i et ] o T g
characteristics of the women Constituent progestagen :
. Morethisterone 46/40-4 076 (057 -1-03) -
stu d | ed ] Medroeyprogesterone acetate 270101 063 (0-43-0493) ——
Characteristics of women at recruitment E
Age at recruitment (years) I.
<60 42/50:9 059 {0-43-0-81) -
=60 311187 004 (0-h5-1-37) -.—|+—
Sociceconomic status .
High 29/22.9 0-84(0-57-1-25) B
Low 364308 067 (0-48-0-95) .
Mumber of childran '
<2 25/17-3 0-87 (0-57-1-32) L
=1 47523 o-b4 (047-0-80) =
Fast use of oral contraceptives :
Mo 41245 076 {0-56-1-05) -
Yes 31i44.5 062 (0-42-090) —l—
Body-mass indax (kg/m?) "
<15 3348 1-07 (07 3-1-56) ——
25-20 29/23.0 088 (0-60-1-30) L
=30 987 028(0-14-055) ——
TTFENLIOUS EXETCIGe '
Monelonce & week A040-7 062 (D-45-0-86] =
Mhare than once aweek 3267 091 (0h3-1-32) ‘i_."_
Alcohal consurmption H
=10 g/week 604539 0.71{0.54-0:93) i
=10 /week 131157 0-68(038-1.22) e
Cuwrent srmoker E
[ hY53.2 063 (0-48-0.83) -
ik 11128 112 (0:59-2-14) T -
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Cancer Mortality according to BMI, among US Women;
Cancer Prevention Study-Il (1982-1998)
(reference category: BMI 18.5-24.9)

Men

Prostate (=35) 1-‘34
__ Non-Hodgkin's lymphoma (=35) 1:9
=
% All cancers (=40) 1.52
8 All other cancers (z30) 1.68*
2 Kidney (=35) 110
§ Multiple myeloma (235) 1-.71
o 1.76
= Gallbladder (230) 2
§ Colon and rectum (=35) lf“
S Esophagus (=30) 1.91*
5 : 1.94
g Stomach (=35) 3
- Pancreas (=35) 2.(;)*

iver (= 4.52
Liver (=35) 3
T . - .
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Relative Risk of Death (95% Confidence Interval)
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Cancer Mortality according to BMI, among US Men;
Cancer Prevention Study-Il (1982-1998)
(reference category: BMI 18.5-24.9)

Women
Multiple myeloma (=35) | 144
Colon and rectum (=40) | 1.46

Ovary (35) ' 151

§° Liver {=35) ' 123
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= | ¢
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— —._
w |
% Breast (=40) | 212
£ Gallbladder (=30) | 2.13
g All other cancers (=40) 2.5’1'
t.; Esophagus (=30) | 2.24*
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Cervix {235) | 550
Kidney (=40) | 4:5
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Estimated population fraction of cancer mortality
atrributable to BMI, for US men and women.

Body-Mass Index Men Women
Population Population
Prevalence Relative  Attributable Prevalence Relative  Attributable
of Exposure Risk Fraction of Exposure Risk Fraction
% % % %
All subjects
25.0-29.9 42.1 0.97 -1.2 28.8 1.08 2.0
30.0-34.9 21.0 1.09 1.3 22.5 1.23 4.5
35.0-39.9 9.2 1.20 1.3 10.7 1.32 3.0
=40.0 3.6 1.52 1.9 7.9 1.62 4.9
Total population attributable fraction 4.2 143

Subjects who never smoked

25.0-29.9 42.1 1.11 4.0 28.3 1.14 3.3
30.0-34.9 21.0 1.38 6.8 22.5 1.33 6.1
35.0-39.9¢ 12.8 1.31 3.4 10.7 1.40 3.5
=40.0 7.9 1.38 7.0
Total population attributable fraction 14.2 19.8

Calle et al., New Engl J Med, 2003



