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A key reason for the success of Homo sapiens is our
adaptability. Humans have evolved to survive and flourish
in almost all environments and circumstances which,
during the 250 000 years of our species’ existence, have
usually included occasional or regular food scarcity and
insecurity. We have built-in defences against starvation: our
own stores of fat that are used in times of need. 

Food insecurity remains endemic, particularly in Africa
and Asia. But many people in the world now have access to
more than enough to eat and drink and are also relatively
physically inactive (see Chapter 5). As a result, stores of
body fat tend to increase. What is now a pandemic of
overweight and obesity can be seen as a response to
circumstances of plenty. One consequence, in the context of
reduction in rates of nutritional deficiencies and infections
of childhood and early life, and the ageing of human
populations, is an increase in the rates of chronic diseases.
These include cancer.

Overall, the Panel judges that evidence on the degree of

body fatness and the risk of cancers of a number of sites is
strong and generally consistent. The Panel emphasises that
the risk of cancer is modified, not only by obesity, as
usually defined, but by overweight as well, and even by
degrees of body fatness generally regarded as healthy.

The Panel judges as follows: 
The evidence that greater body fatness is a cause of
adenocarcinoma of the oesophagus, and cancers of the
pancreas, colorectum, breast (postmenopause),
endometrium, and kidney, is convincing. Greater body
fatness is probably a cause of cancer of the gallbladder.
There is limited evidence suggesting that greater body
fatness is a cause of liver cancer. The evidence that greater
abdominal (central) fatness is a cause of colorectal cancer
is convincing; and greater abdominal fatness is probably a
cause of cancers of the pancreas, breast (postmenopause),
and endometrium. By contrast, greater body fatness
probably protects against premenopausal breast cancer.

BODY FATNESS, AND THE RISK OF CANCER

In the judgement of the Panel, the factors listed below modify the risk of cancer. Judgements are graded according to the strength of the evidence.

DECREASES RISK INCREASES RISK

Exposure Cancer site Exposure Cancer site

Convincing Body fatness Oesophagus1

Pancreas
Colorectum
Breast (postmenopause)
Endometrium
Kidney

Abdominal fatness Colorectum

Probable Body fatness Breast (premenopause) Body fatness Gallbladder2

Abdominal fatness Pancreas
Breast (postmenopause) 
Endometrium

Adult weight gain Breast (postmenopause)  

Limited — Body fatness Liver
suggestive Low body fatness Lung

Substantial 
effect on risk None identified
unlikely

1 For oesophageal adenocarcinomas only.
2 Directly and indirectly, through the formation of gallstones.

For an explanation of all the terms used in the matrix, please see chapter 3.5.1, the text of this section, and the glossary.

6.1  Body fatness 
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The Panel notes that there is limited evidence suggesting
that low body fatness (underweight) is a cause of lung
cancer, but residual confounding with smoking and lung
disease cannot be ruled out. 

See Chapter 8 for judgements on physical activity and
sedentary ways of life, the energy density of foods and
drinks, breastfeeding, other factors, and the risk of weight
gain, overweight, and obesity. 

Within the remit of this Report, the strongest evidence,
corresponding to judgements of ‘convincing’ and
‘probable’, shows that greater body fatness and greater
abdominal fatness are causes of cancer of the colorectum;
that greater body fatness is additionally a cause of cancers
of the oesophagus (adenocarcinoma), pancreas, breast
(postmenopause), endometrium, and kidney; and
(probably) gallbladder. It also shows that greater
abdominal fatness is probably a cause of cancers of the
pancreas, breast (postmenopause), and endometrium; but
that greater body fatness probably protects against
premenopausal breast cancer.

Body fatness and organ mass and composition, commonly
assessed by body size measurements, are key factors influ-
encing health and well-being throughout the life course. 

The main concern of nutrition science, since its beginnings
and until the mid-20th century, has been to protect popula-
tions against the consequences of malnutrition in the ‘clas-
sic’ sense of the word. That is undernutrition, which
increases vulnerability to infectious diseases, especially in
infancy and childhood, and results in people who are small
and weak, unable to be productive, and with low life
expectancy.1 This remains a central public health priority for
middle- and low-income countries.2

In the final two decades of the 20th century and into this
century, a different and imperative public health nutrition
concern has emerged: weight gain, overweight, and obesi-
ty. At first, it was generally assumed that societies whose
babies are big, whose children grow fast, and whose adults
are heavy and tall, were healthy. Compared to societies with
inadequate nutrition and poor public health provision, such
populations are indeed physically stronger, more productive,
have longer lives, and are generally healthier.

This said, since the 1980s, a series of reports based on a
rapidly increasing evidence base have concluded that popu-
lations of high-income countries, and now also populations
of many middle- and low-income countries, are becoming
overweight to an extent that is bad for health. These coun-
tries are almost exclusively those experiencing social, eco-
nomic, and nutritional transition. The nutritional transition
is characterised by a shift from ‘traditional’ diets that are low
in fat and high in fibre to high-energy ‘Western’ diets that are
high in fat and low in fibre. It is now generally accepted that
obesity, but also overweight short of obesity, increases the risk
of a number of major chronic diseases including insulin resis-
tance, hyperlipidaemia, hypertension and stroke, type 2 dia-
betes, and coronary heart disease, as well as cancers of some
sites.3 In this chapter, the evidence on body fatness and can-
cer is summarised and judged. Also see Chapter 8.

In this Report, the term ‘body fatness’ refers to the degree
of body fatness across the whole range, not only the con-
ventional categories of overweight and obesity. 

6.1.1  Definitions and patterns

6.1.1.1  Body fatness
Excess energy from food is stored as fat in the body in adi-
pose tissue. The amount of this body tissue varies more from
person to person than any other type (such as muscle, bone,
or blood). The size and location of these fat stores also vary
considerably between populations, people, and over the
course of a person’s life. Excess body fat is a cause of a num-
ber of chronic diseases and reduces life expectancy (also see
Chapter 8). 

Since the 1980s, typical body compositions have changed,
with a worldwide increase in average body fatness and in
overweight and obesity. This change is most notable in high-
income countries, and in industrial and urban environments
in many if not most countries (see chapters 1.1.3 and 1.2.2).
In several low-income countries, high levels of body fatness
exist alongside undernutrition in the same communities and
even in the same families.3

Body fatness is difficult to measure directly or accurately.
However, because body fatness is the most variable deter-
minant of weight, several weight-based measures are used
as markers of body fatness. The most common is the body
mass index (BMI), a measure of weight adjusted for height.
BMI is calculated as weight in kilograms divided by height
in metres squared (kg/m2). In most circumstances, BMI has
been shown to be reliably linked to body fatness.4 But this
method does not always provide an accurate measure:
unusually muscular and lean people (such as manual work-
ers and power athletes) have a relatively high BMI, even if
they have relatively little body fat. See table 6.1.1 and also
Chapter 8. 

A BMI of between 18.5 and 24.9 is generally regarded as
‘healthy’ or ‘normal’ (healthy or normal body fatness). This
is roughly equivalent to 15–20 per cent body fat in adult
men and 25–30 per cent in adult women.5 The ‘underweight’
or ‘thin’ range is a BMI below 18.5 (low body fatness). Above
25 (high body fatness), there are common gradings for over-
weight, obesity, and extreme (‘morbid’) obesity. The risk of
type 2 diabetes and high blood pressure increases with BMI
with no clear threshold, but with a marked increase in risk
as BMI approaches 25.3 The ideal average BMI for popula-
tions has been estimated to be 21–22.6

The principal cut-off points shown in table 6.1.1 have
been agreed by the World Health Organization and are based
on the risks associated with being underweight, overweight,
or obese (see Chapter 8). However, the healthy ranges of
BMI vary between populations. The additional cut-off points
take this into account and are recommended for reporting
purposes, with a view to facilitating international compar-
isons.

The principal BMI cut-offs are based on data primarily
derived from populations of European origin living in high-
income countries, so they may not apply globally. Different
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BMI cut-off points have been proposed to classify overweight
and obesity in different populations, due to different body
composition and the relation of BMI to risk in these popu-
lations. However, these have not become universally accept-
ed.7 8 A WHO expert consultation on BMI in Asian
populations recommended that the principal BMI cut-off
points (table 6.1.1) should be retained as the international
classification.9 However, it also recommended that addi-
tional cut-off points of 23, 27.5, 32.5, and 37.5 kg/m2

should be added to the international classification and, for
reporting purposes, countries should use all categories (that
is, 18.5, 23, 25, 27.5, 30, and 32.5 kg/m2; and in many pop-
ulations, 35, 37.5, and 40 kg/m2) with a view to facilitat-
ing international comparisons. The principal and additional
cut-off points are shown in table 6.1.1. 

At equivalent BMIs, many Asian populations have a high-
er body fat content, whereas Maori people and Pacific
Islanders have more lean tissue and less fat.4 10 11 Many Asian
expert groups and health ministries now define the upper
limit of ‘acceptable’ as a BMI of below 23, whereas the equiv-
alent cut-off point for China is 24. It is unlikely that the
excess risk in these populations at relatively low BMIs
reflects only differences in body fat — there are probably
other related metabolic changes, for instance, those induced
by fetal and early childhood nutritional differences. WHO
has recognised that Asian populations may choose a BMI
cut-off of 23 because of the greater susceptibility of these
groups of people to type 2 diabetes and perhaps other com-
plications of excess weight gain.9 Mexican people have also
been shown to be at greater risk, so Latin American popu-

lations may also be considered as more sensitive to the
effects of weight gain than white people of European
origin.12

6.1.1.2  Body fat distribution
Fat is not distributed equally around the body. It accumu-
lates subcutaneously (beneath the skin) around the muscles
of the upper arm, buttocks, belly, hips, and thighs. It also
accumulates intra-abdominally or viscerally (around the
organs). Fat stores can be categorised as ‘peripheral’ (not
around the trunk) or ‘abdominal’ (also called ‘central’). The
pattern of fat stores is determined largely by genetic factors,
with a typically different pattern in men and women, which
tends to change with age. Women tend to store more sub-
cutaneous fat around their hips, buttocks, and thighs than
men, producing a body profile known as a ‘pear shape’ (or
‘gynoid’ pattern of fat distribution). Men are more likely to
store fat around their abdomen, producing an ‘apple shape’
(or ‘android’ pattern). 

The size of peripheral fat stores can be used as a measure
of total body fatness, although the proportion of total to
abdominal fat varies between people. Waist circumference
is a measure that includes both subcutaneous and the more
metabolically active intra-abdominal fat stores. The size 
of intra-abdominal fat stores predicts the risk of chronic dis-
eases, such as metabolic disorders and cardiovascular
disease, better than overall indicators of body fatness, such
as subcutaneous fat measures or BMI.13 The size of these fat
stores also influences several hormone systems, such as
insulin, as well as those involved in the body’s response to
inflammation, both of which may play a role in cancer
processes (box 2.4).14 15

Crude estimates of excess abdominal fat can be made by
measuring either waist circumference or by calculating the
ratio of this measurement to hip circumference (the ‘waist 
to hip’ ratio), although this ratio is no longer recommended
as a useful indicator of abdominal obesity. Waist circumfer-
ence is a better single indicator. As is the case for BMI, the
cut-off points for excess waist measurements for Asian and
Mexican populations are usually lower than those suggest-
ed by WHO as suitable for people of European origin. This
is because these non-white populations have a greater risk
of disease with only modest increases in intra-abdominal fat.
The WHO reference values for waist circumferences of 94 cm
(37 inches) in men and 80 cm (31.5 inches) in women (on
a population basis) are based on their rough equivalence to
a BMI of around 25, whereas waist circumferences of 102 cm
(40.2 inches) in men and 88 cm (34.6 inches) in women are
equivalent to a BMI of around 30.16  17 For Asian populations,
cut-offs for waist circumferences of 90 cm for men and 80
cm for women have been proposed.18

6.1.1.3  Adult weight gain 
Increases in body weight during adulthood depend mostly
on accumulation of fat rather than lean tissue, and there-
fore any change may better reflect fatness than adult
attained weight itself, which is more dependent on lean
mass. For this reason, evidence of associations specifically
between weight gain in adulthood and cancers was sought

Table 6.1.1 The international classification of adult
underweight, overweight, and obesity

A body mass index (BMI) of between 18.5 and 24.9 is generally regarded
as ‘acceptable’ or ‘normal’. The ‘underweight’ or ‘thin’ range is a BMI of
below 18.5. Above 25, the common gradings for overweight and obesity
are as shown below: 

Classification BMI (kg/m2)
Principal Additional

cut-off points cut-off points
Underweight <18.50 <18.50

Severe thinness <16.00 <16.00
Moderate thinness 16.00–16.99 16.00–16.99
Mild thinness 17.00–18.49 17.00–18.49

Normal range 18.50–24.99 18.50–22.99
23.00–24.99

Overweight ≥≥25.00 ≥≥25.00
25.00–27.49
27.50–29.99

Obese ≥≥30.00 ≥≥30.00
Obese class I 30.00–34-99 30.00–32.49

32.50–34.99
Obese class II 35.00–39.99 35.00–37.49

37.50–39.99
Obese class III ≥≥40.00 ≥≥40.00

Adapted with permission from WHO.3
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in the systematic literature reviews that informed the Panel’s
judgements. 

6.1.2  Interpretation of the evidence 

6.1.2.1  General
For general considerations that may affect interpretation of
the evidence, see chapters 3.3 and 3.5, and boxes 3.1, 3.2,
3.6 and 3.7.

6.1.2.2  Specific 
Some considerations specific to body fatness are as follows. 

Classification. The system of classifying underweight, ‘nor-
mal’ weight, overweight, and degrees of obesity as discrete
ranges of BMI, is in general use. However, as shown in this
chapter and also Chapter 8, the relationship between body
fatness and cancer is continuous across the range of BMI. For
this reason, the Panel has chosen to use the term ‘body fat-
ness’ rather than ‘overweight’ or ‘obesity’. 

Measurement. BMI is not a perfect marker of body fatness.
More precise techniques such as underwater weighing, mag-
netic resonance imaging, computerised tomography, or dual-
energy X-ray absorptiometry are rare in large-scale
epidemiological studies due to their difficulty and expense.
Abdominal fatness is usually measured either using the waist
to hip ratio or the waist circumference alone. There is a lack
of consensus on how abdominal fatness is best measured,
and measurement error is more likely than for some other
anthropometric measures such as height and weight. The
currently proposed maximum ‘cut-off ’ points for ‘healthy’
waist circumferences (94 cm or 37 inches for men; 80 cm or
31.5 inches for women) and for ‘healthy’ waist to hip ratios
(1.0 for men; 0.8 for women) are based almost exclusively
on studies of cardiovascular or type 2 diabetes risk in white
populations in high-income countries. It is not known
whether they can be applied to other ethnic groups or out-
comes. The relationship between waist circumference and
the size of intra-abdominal fat stores (as opposed to subcu-
taneous abdominal fat stores) may vary between different
ethnic groups.18 As body fatness tends to increase with age
in most populations, and is characteristically higher in
women than in men, it is important that studies take into
account both age and sex. Measurement of change in weight
tends to be more precise than static measures such as weight
or BMI.

Reporting bias. Objective measures of height and weight, and
therefore BMI, are reliable. However, many studies rely on
self-reporting, which is liable to introduce bias. Although
reported and actual weights are correlated, weight tends to
be under-reported, especially by overweight and obese peo-
ple. BMIs calculated from self-reported data will therefore
tend to be lower than from more objective measures.

6.1.3  Evidence and judgements 

The full systematic literature review (SLR) is contained on
the CD included with this Report.

There are several general mechanisms through which body
fatness and abdominal fatness could plausibly influence can-
cer risk. For example, increasing body fatness raises the
inflammatory response, increases circulating oestrogens, and
decreases insulin sensitivity. The physiological effects of obe-
sity are described in more detail in Chapter 8. The effects of
body fatness-related hormonal changes and inflammation on
cancer processes are detailed in box 2.4. Additional site-
specific mechanisms are described with the evidence for 
each cancer site in the following sections.

6.1.3.1  Body fatness
Oesophagus
Three cohort studies19-21 and eight case-control studies22-29

investigated body fatness (as measured by BMI) and
oesophageal adenocarcinomas.

All three cohort studies showed increased risk for the high-
est body fatness, as measured by BMI, when compared to the
lowest (figure 6.1.1); this was statistically significant in both
sexes in one study21 and in men but not women in two oth-
ers.19 20 Effect estimates were 2.58 in men (95% confidence
interval (CI) 1.81–3.68; p < 0.001) and 2.06 in women (95%
CI 1.25–3.39; p = 0.002)21; 2.40 in men (95% CI 1.30–4.42)
and 1.57 in women (95% CI 0.51–4.84)20; and 1.76 in men
(95% CI 1.03–3.02) and 2.13 in women (95% CI
0.97–4.71).19 The latter study was adjusted for smoking and
alcohol but the other two were not. 

Seven case-control studies22-25 27-29 showed increased risk
for the highest body fatness group, as measured by BMI, when

Figure 6.1.1 BMI and oesophageal adenocarcinoma;
cohort and case-control studies

0.2 0.5 2 51

2.40 (1.30–4.43)

1.57 (0.51–4.84)

2.70 (1.68–4.34)
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3.00 (1.75–5.14)

1.20 (0.60–2.40)

0.75 1.5

2.60 (0.80–8.47)

1.91 (1.28–2.85)

Cohort

Chow 1998 Men

Chow 1998 Women

Brown 1995

Engel 2003

Case control

Kabal 1993

Tretli 1999 Men

Tretli 1999 Men

Wu 2001

Relative risk (95% CI)

Relative risk, highest vs lowest exposure category
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compared to the lowest (figure 6.1.1). This was statistically
significant in five studies,22-24 28 29 and in men but not women
in a sixth.25 One study showed non-significant decreased
risk.26 Meta-analysis was possible on four case-control
studies (all of which showed increased risk), giving an effect
estimate of 1.11 (95% CI 1.07–1.15) per kg/m2, with mod-
erate heterogeneity (figure 6.1.2). This would produce an
increased risk of 55 per cent for each 5 kg/m2, assuming a
linear relationship, although a curvilinear dose-response 
relationship cannot be ruled out.

A dose-response relationship is apparent from case-control
data (figure 6.1.3). Cohort data show a statistically signifi-
cant trend in men and are suggestive of a similar trend in
women.

Studies that investigated body fatness, as measured by BMI,
and all types of oesophageal cancer or squamous cell carci-
nomas showed inconsistent results. Only when results were
stratified by cancer type did a consistent pattern emerge, and
then only for adenocarcinomas.

An association between body fatness and increased risk of
oesophageal adenocarcinoma is consistent, with known geo-
graphical and time trends for both BMI and adenocarcinomas.

The general mechanisms through which body fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4). 

The epidemiology is consistent, with evidence of a
dose-response relationship. There is evidence for
plausible mechanisms that operate in humans. The
evidence that greater body fatness is a cause of
oesophageal adenocarcinoma is convincing.

The Panel is aware that since the conclusion of the SLR, two
cohort30 31 and five case-control studies32-36 have been pub-
lished. This new information does not change the Panel judge-
ment (see box 3.8).

Pancreas 
Twenty-three cohort studies37-58 and 15 case-control stud-
ies59-73 investigated body fatness (as measured by BMI) and
pancreatic cancer.

Thirteen cohort studies showed increased risk with
increased body fatness,37 38 40 43 44 46 47 49 51 54 55 57 which was
statistically significant in four.47 49 54 55 Two studies showed
increased risk in both sexes42 50; this was statistically signif-
icant in women but not in men in one study,42 and in men
but not women in the other.50 One study showed increased
risk in both black and white men, which was significant for
white men only.56 Two studies showed non-significant
increased risk in women and non-significant decreased risk
in men.45 52 One study showed statistically significant
increased risk in men and non-significant decreased risk in
women.39 Three studies showed non-significant decreased
risk41 48 53 and one study stated that there was no significant
association.58 Meta-analysis was possible on 17 cohort stud-
ies, giving a summary effect estimate of 1.14 (95% CI
1.07–1.22) per 5 kg/m2, with moderate heterogeneity (fig-
ure 6.1.4). Most studies adjusted for smoking, with no appar-
ent difference between people who smoked and those that
did not.

Five case-control studies showed increased risk with
increased body fatness,62-66 which was statistically significant
in one,66 and in men but not women in another study.64 Five
studies showed decreased risk,61 68-71 which was statistical-
ly significant in one.69 Two studies showed non-significant
decreased risk in men and a non-significant increased risk
in women.59 72 One study showed a statistically significant
increased risk in men and a non-significant decreased risk
in women.67 One study showed non-significant decreased

Figure 6.1.2 BMI and oesophageal cancer;
case-control studies
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Chow 1998 Women

Chen 2002

Engel 2003
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Figure 6.1.3 BMI and oesophageal cancer; case-control
studies: dose response
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risk in both sexes when interviewed indirectly, a non-signif-
icant decreased risk in women when interviewed directly,
and a non-significant increased risk in men.60 One study stat-
ed that there was no significant association.73 Meta-analysis
was possible on 13 case-control studies, giving a summary
effect estimate of 1.00 (95% CI 0.87–1.15) per 5 kg/m2, with
high heterogeneity (figure 6.1.4).

A dose-response relationship was apparent from cohort but
not case-control data (figure 6.1.5). Although meta-analysis
assumes a linear relationship, some cohort studies are sug-
gestive of a curvilinear relationship, though not conclusive-
ly so.

The general mechanisms through which body fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4).

There is ample epidemiological evidence, which is
generally consistent, and there is a dose-response
relationship. There is evidence for plausible mechanisms
that operate in humans. The evidence that greater body
fatness is a cause of pancreatic cancer is convincing.

The Panel is aware that since the conclusion of the SLR, two
cohort studies30 74 have been published. This new information does
not change the Panel judgement (also see box 3.8). 

Colorectum
Sixty cohort studies42 45 50 54-58 75-142 and 86 case-control stud-
ies investigated body fatness (as measured by BMI) and can-
cers of the colon and rectum.

Most of the cohort studies showed increased risk with
increased body fatness,42 45 50 54 56-58 75 77 80-82 84-88 91-100 102-104

106 108-115 118-120 122 124-127 132 137 139 142 which was statistically
significant in approximately half of these studies.42 50 54 56-58

75 77 84-88 92-95 99 103 104 109 111 114 115 118-120 124 126 127 132 137 139 142

Relatively few studies showed lower risk with increased body
fatness76 83 90 107 116; this was statistically significant in only
one.83 One study showed no effect on risk78 and three stat-
ed that there was no association.79 89 101 Meta-analysis was
possible on 28 cohort studies, giving a summary effect esti-
mate of 1.03 (95% CI 1.02–1.04) per kg/m2, with moderate
heterogeneity (figure 6.1.6). This would produce an
increased risk of 15 per cent for each 5 kg/m2, assuming a

Figure 6.1.4 BMI and pancreatic cancer; cohort and
case-control studies

Cohort
Friedman 1993 1.10 (1.00–1.22)
Shibata 1994 1.19 (0.68–2.06)
Gapstur 2000 Men 1.90 (1.27–2.84)
Michaud 2001 Men 1.28 (0.98–1.66)
Michaud 2001 Women 1.16 (0.98–1.37)
Stolzenberg 2002 Men 0.85 (0.65–1.10)
Calle 2003 Men 1.13 (1.00–1.29)
Calle 2003 Women 1.28 (1.14–1.43)
Lee 2003 1.02 (0.78–1.34)
Batty 2005 Men 1.08 (0.76–1.53)
Kuriyama 2005 Men 0.96 (0.42–2.19)
Kuriyama 2005 Women 1.10 (0.60–1.99)
Larsson 2005 1.22 (0.89–1.62)
Navarro Silvera 2005 Women 1.22 (1.05–1.41)
Navarro Silvera 2005 0.96 (0.88–1.05)
Patel 1.42 (1.18–1.70)
Rapp 2005 Men 1.61 (1.08–2.41)
Rapp 2005 Women 1.10 (0.86–1.40)
Sinner 2005 Women 1.04 (0.90–1.21)
Lukanova 2006 Men 0.70 (0.31–1.58)
Lukanova 2006 Women 1.09 (0.68–1.74)

Summary estimate 1.14 (1.07–1.22)

Case control
Bueno de Mesquita 1990 Men 0.89 (0.56–1.42)
Bueno de Mesquita 1990 Women 1.02 (0.71–1.47)
Howe 1990 Men – Direct interview 1.38 (0.76–2.50)
Howe 1990 Women – Direct interview 0.79 (0.49–1.27)
Howe 1990  Men – Indirect interview 0.89 (0.63–1.26)
Howe 1990 Women – Direct interview 0.83 (0.61–1.14)
Ghadirian 1991 0.87 (0.56–1.36)
Zatonski 1991 1.22 (0.92–1.61)
Ji 1996 Men 1.40 (0.99–1.97)
Ji 1996 Women 1.26 (0.87–1.84)
Silverman 1998 Men 1.37 (1.05–1.80)
Silverman 1998 Women 1.21 (0.94–1.55)
Kreiger 2007 Women 1.09 (0.82–1.47)
Pan 2004 1.17 (1.06–1.29)
Eberle 2005 Men 1.57 (1.21–2.05)
Eberle 2005 Women 0.96 (0.75–1.24)
Fryzek 2005 0.98 (0.82–1.18)
Lin 2005 0.23 (0.16–0.33)
Pezzilli 2005 0.99 (0.80–1.21)
Rousseau 2005 0.88 (0.66–1.17)

Summary estimate 1.00 (0.87–1.15)

Relative risk (95% CI)

21.510.750.5

 Relative risk, per 5 kg/m2

Figure 6.1.5 BMI and pancreatic cancer; cohort and
case-control studies: dose response

Cohort
Friedman 1993
Shibata 1994
Gapstur 2000
Michaud 2001
Michaud 2001
Stolzenberg-Soloman 2002
Calle 2003 Men
Calle 2003 Women
Lee 2003
Batty 2005 Men
Kuriyuma 2005 Men
Kuriyuma 2005 Women
Larsson 2005 Men
Larsson 2005 Women
Navarro Silvera 2005 Women
Nothings 2005
Patel 2005
Rapp 2005 Men
Rapp 2005 Women
Sinner 2005 Women
Lukanova 2006 Women

Case control
Bueno de Mesquita 1990 Men
Bueno de Mesquita 1990 Women
Howe 1990 Indirect interview Men
Howe 1990 Indirect interview Women
Ghadirian 1991
Zatonski 1991
Ji 1996 Men
Ji 1996 Women
Silverman 1998 Men
Silverman 1998 Women
Kreiger 2001 Women
Pan 2004
Eberle 2005 Men
Eberle 2005 Women
Fryzek 2005
Lin 2005
Pezzili 2005
Rousseau 2005 Men

30 352015 2510 40

BMI (kg/m2)
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linear relationship, although a curvilinear dose-response
relationship cannot be ruled out.

When stratified according to cancer site, data suggest a
larger increased risk and are more consistent for colon can-
cer (figure 6.1.7) than for rectal cancer (figure 6.1.8), or for
colorectal cancer as a whole (figure 6.1.6). A clear dose-
response relationship was apparent from cohort data for
colorectal cancer (figure 6.1.9).

Because of the abundant prospective data from cohort
studies, case-control studies were not summarised.

The general mechanisms through which body fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4). 

There is abundant and consistent epidemiological
evidence with a clear dose response, and evidence for
plausible mechanisms that operate in humans. The
evidence that greater body fatness is a cause of
colorectal cancer is convincing.

The Panel is aware that since the conclusion of the SLR, seven
cohort30 31 52 143-146 and two case-control studies147 148 have been
published. This new information does not change the Panel
judgement (also see box 3.8). 

Figure 6.1.7 BMI and colon cancer, cohort studies

Wu 1987 Men 2.23 (0.70–7.10)
Wu 1987 Women 1.33 (0.60–2.92)
Gerhardsson 1988 1.00 (0.54–1.84)
Chute 1991 Women 1.50 (0.82–2.76)
Lee 1992 Men 1.52 (1.06–2.17)
Le Marchand 1992 Men 1.40 (1.09–1.79)
Moller 1994 Men 1.30 (1.00–1.69)
Moller 1994 Women 1.20 (1.01–1.42)
Chyou 2006 Men 1.38 (1.01–1.89)
Gaard 1997 Men 1.64 (0.92–2.92)
Gaard 1997 Women 1.02 (0.53–1.97)
Singh 1998 Men 2.63 (1.12–6.15)
Singh 1998 Women 1.05 (0.63–1.75)
Robsahm 1999 Men 1.39 (1.34–1.44)
Robsahm 1999 Women 1.07 (0.99–1.15)
Ford 1999  Men 2.95 (0.99–8.76)
Ford 1999 Women 2.74 (1.04–7.23)
Folsom 2000 Women 1.70 (1.20–2.40)
Terry 2001 Women 1.21 (0.86–1.70)
Nilsen 2001 Men 1.11 (0.73–1.68)
Nilsen 2001 Women 1.11 (0.71–1.74)
Terry 2002 Women 0.95 (0.67–1.34)
Kmet 2003 Women 2.20 (1.22–3.97)
Saydah 2003 1.79 (1.02–3.14)
Shimizu 2003 Men 2.11 (1.26–3.53)
Shimizu 2003 Women 1.22 (0.69–2.15)
Wei 2003 Men 1.85 (1.26–2.72)
Samanic 2004 Men 1.47 (1.39–1.55)
Mclnnis 2004 Men 1.70 (1.07–2.71)
More 2004 1.60 (1.01–2.53)

Relative risk (95% CI)

Relative risk, highest vs lowest exposure category

52152

Figure 6.1.8 BMI and rectal cancer, cohort studies

Le Marchand 1992 Men 0.80 (0.52–1.24)
Moller 1994 Men 1.00 (0.71–1.41)
Moller 1994 Women 1.20 (0.93–1.04)
Chyou 1996 Men 0.63 (0.38–1.04)
Gaard 1997 Men 1.61 (0.76–3.43)
Gaard 1997 Women 0.64 (0.31–1.33)
Robsahm 1999 Men 1.16 (1.06–1.26)
Robsahm 1999 Women 1.03 (0.93–1.14)
Terry 2001 Women 1.32 (0.83–2.09)
Schloss 1997 Women 1.35 (0.88–2.08)
Saydah 2003 1.64 (0.68–3.95)
Wei 2003 Men 1.03 (0.49–2.15)
Wei 2003 Women 1.56 (1.01–2.41)
Shimizu 2003 Men 0.83 (0.42–1.64)
Shimizu 2003 Women 0.83 (0.35–1.98)
Samanic 2004 Men 1.23 (1.14–1.33)

5210.50.2

Relative risk (95% CI)

Relative risk, highest vs lowest exposure category

Figure 6.1.6 BMI and colorectal cancer; cohort studies

Wu 1987 Men 1.23 (0.98–1.54)
Wu 1987 Women 1.04 (0.92–1.18)
Klatsky 1988 1.48 (1.22–1.79)
Kreiger 1992 Men 1.09 (1.00–1.18)
Kreiger 1992 Women 1.03 (0.99–1.08)
Suadcani 1993 Women 0.90 (0.84–0.98)
Giovannucci 1995 Women 1.05 (1.01–1.10)
Chyou 1996 Men 1.06 (1.03–1.10)
Thune 1996 Men 1.02 (1.00–1.04)
Thune 1996 Women 0.99 (0.95–1.04)
Martinez 1997 Women 1.02 (1.00–1.05)
Tulinius1997 Men 1.04 (1.00–1.08)
Singh 1998 Men 1.09 (0.98–1.21)
Singh 1998 Women 1.00 (0.95–1.07)
Ford 1999 1.10 (0.92–1.32)
Schoen 1999 1.02 (0.98–1.07)
Kalo 1999 Women 1.01 (0.98–1.05)
Nilsen 2001 Men 1.00 (0.98–1.03)
Nilsen 2001 Women 1.01 (0.97–1.04)
Terry 2001 Women age 55–76 1.09 (1.02–1.16)
Terry 2001 Women age 40–54 1.04 (0.99–1.08)
Colbeit 2001 Women 1.00 (0.97–1.03)
Nielsen 2002 Men 1.06 (1.01–1.11)
Nielsen 2002 Women 1.01 (0.98–1.05)
Kmet 2003 Women 1.04 (0.99–1.10)
Sadah 2003 1.06 (0.90–1.24)
Shimizu 2003 Men 1.05 (1.00–1.10)
Shimizu 2003 Women 1.27 (1.08–1.50)
Koh 2004 1.06 (0.98–1.14)
Moore 2004 Men age 55–79 1.02 (0.95–1.09)
Moore 2004 Women age 55–79 1.14 (1.01–1.28)
Moore 2004 Men age 30–54 1.05 (1.01–1.10)
Moore 2004 Women age 30–54 1.01 (0.92–1.11)
Madnnis 2004 Men 1.04 (1.01–1.08)
Lin 2004 Men 1.04 (0.99–1.10)
Kuriyama 2005 Men 1.05 (1.00–1.10)
Kuriyama 2005 Women 1.05 (1.02–1.07)
Oh 2005 Men 1.05 (1.01–1.08)
Rapp 2005 Men 1.01 (0.99–1.03)
Rapp 2005 Women 1.01 (0.99–1.03)
Pischon 2006 Men 1.03 (1.02–1.04)
Pischon 2006 Women 1.04 (1.01–1.08)
Summary estimate 1.03 (1.02–1.04)

21.510.750.5

 Relative risk (95% CI)

Relative risk, per 1 kg/m2
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Breast 
Forty-three cohort studies,42 45 50 122 149-204156 case-control
studies,66 205-359 and 2 ecological studies360 361 investigated
body fatness (as measured by BMI) and breast cancer. 

Age unspecified
Twenty-six cohort studies45 50 152-154 161 162 164 166 168 171 172 179 181

188 191 192 194-197 201-204 and 73 case-control studies investigat-
ed body fatness,66 205 207-209 211-215 219 221 222 224 225 228-230 232 234-

236 238-240 243-245 251 252 254 255 257 259-261 263-267 269 270 273 276-278 281 282

285 289-292 294-296 298-301 304-306 309 310 313 314 316-319 321-326 329 332 334-

337 341-344 347-356 359 (as measured by BMI) and breast cancer at
all ages, or where menopausal status was unspecified.

Sixteen cohort studies showed increased risk with
increased body fatness,45 50 152-154 162 164 166 168 171 173 179 181 184

186 188 191 192 201 203 204 which was statistically significant in
three.162 171 179 201 Eight studies showed decreased risk,161 172

173 184 186 194-197 202 which was statistically significant in two.173

196 197 Two studies showed no effect on risk.50 204 Meta-analy-
sis was possible on 16 cohort studies, giving a summary
effect estimate of 1.01 (95% CI 1.00–1.02) per 2 kg/m2, with
moderate heterogeneity (figure 6.1.10).

Forty-seven case-control studies showed increased risk
with increased body fatness66 208 211 213 215 221 222 224 230 232 235

236 239 240 251 252 254 255 257 260 261 265-267 269 276 277 281 282 285 294-296

298-301 305 306 309 310 313 314 316-319 323-326 329 332 334-337 341 343 344 347-

350 352-356 359; this was statistically significant in 2266 208 211 222

230 232 235 254 255 269 277 285 295 296 298 316-318 329 332 334 336 337 341 349

352 353 359; 4 studies showed no effect on risk207 245 278 351; and
the remaining 22 showed decreased risk,205 209 212 214 219 225

228 229 234 238 243 244 259 263 264 270 273 289-292 304 321 322 342 349 which
was statistically significant in 4 studies.214 263 264 291 One of

Figure 6.1.10 BMI and breast cancer (age unspecified);
cohort and case-control studies

Cohort
Galanis 1998 1.11 (1.05–1.18)
Mills 1989 1.11 (1.01–1.22)
Key 1999  1.07 (1.00–1.08)
Wolk 1998 1.04 (1.00–1.08)
Silvera 2005 1.03 (0.99–1.07)
Byrne 1996 1.02 (0.90–1.16)
Overvad 1991 1.01 (0.85–1.21)
Tornberg 1994 1.01 (0.97–1.05)
Rapp 2005 1.00 (0.98–1.03)
Zhang 2003 1.00 (0.96–1.05)
Vatten 1992 0.96 (0.93–0.99)
Wu 1999 0.96 (0.82–1.11)
Wu 1999 0.94 (0.80–1.12)
Kilkkinen 2004  0.92 (0.85–1.00)
Rissanen 2003 0.90 (0.81–1.01)
Knekt 1996 0.88 (0.79–0.99)

Summary estimate 1.01 (1.00–1.02)

Case control
Henquin 1994 1.34 (1.05–1.71)
Henquin 1994 1.34 (0.91–1.96)
Hietanen 1994 1.29 (0.92–1.82)
Young 1989 1.15 (1.06–1.24)
Kato 1992 1.14 (1.06–1.24)
Zhu 2005 1.14 (1.05–1.24)
Talamini 1984 1.12 (1.03–1.21)
Wenten  2001 1.11 (1.03–1.20)
Hirose  1999 1.10 (1.06–1.15)
Malin 2005 1.10 (1.05–1.16)
Tung 1999 1.10 (1.01–1.20)
Eid 1998 1.10 (0.89–1.36)
Thomas 1996 1.09 (1.02–1.17)
Potischman 1990 1.08 (0.96–1.22)
Yoo 2001 1.08 (1.04–1.12)
Bonilla-Fernandez 2003 1.08 (0.98–1.19)
Dai 2002 1.07 (1.03–1.12)
Shu 2001 1.07 (1.03–1.12)
Do 2003 1.07 (1.04–1.11)
Richardson 1991 1.07 (0.98–1.17)
Pietinen 2001 1.07 (0.98–1.16)
Joensuu 1992 1.07 (0.97–1.17)
Viladiu 1996 1.06 (0.98–1.16)
Sarin 1985 1.06 (0.90–1.24)
Shrubsole 2001 1.05 (1.01–1.10)
Lopez-Carillo 1997 1.05 (0.95–1.17)
Hsieh 1990 1.05 (1.03–1.07)
Toti 1986 1.05 (1.00–1.10)
Zheng 2000 1.04 (0.93–1.17)
Holmberg 1994 1.04 (0.94–1.15)
Challier 1998 1.04 (0.95–1.15)
Trentham-Dietz 2000 1.04 (1.02–1.06)
Silva 2004 1.04 (0.97–1.11)
Newcomb 1994 1.03 (1.01–1.05)
Okobia 2005 1.03 (0.93–1.14)
Swanson 1989 1.03 (1.00–1.06)
Ingram 1991 1.02 (0.94–1.12)
Fioretti 1999 1.02 (0.96–1.08)
Adebamowo 2003 1.00 (0.92–1.09)
Gerber 1988 1.00 (0.90–1.10)
Friedenreich 2001 0.99 (0.97–1.02)
Sonnichsen 1990 0.99 (0.86–1.13)
Adami 1977 0.99 (0.89–1.09)
Zheng 2000 0.98 (0.87–1.12)
Hislop 1986 0.97 (0.91–1.04)
McCredie 1998 0.97 (0.92–1.03)
Moorman 2001 0.97 (0.92–1.03)
Furberg 1999 0.97 (0.94–1.01)
Ferranoni 1991 0.97 (0.88–1.06)
Coates 1999 0.96 (0.94–0.98)
Kuru 2002 0.96 (0.90–1.01)
Chie 1998 0.95 (0.80–1.14)
Bagga 2002 0.95 (0.85–1.07)
Wenten 2001 0.95 (0.89–1.02)
Drewnowski 2000 0.94 (0.86–1.01)
Petrek 1993 0.92 (0.81–1.04)
Zheng 2000 0.91 (0.83–1.01)
Bouchardy 1990 0.90 (0.86–0.94)
Mendonca 1999 0.90 (0.81–1.00)
Ueji 1997 0.90 (0.78–1.03)
Agurs-Collins 1998 0.89 (0.82–0.98)
Ibarluzea 2004 0.84 (0.77–0.90)

Summary estimate 1.02 (1.02–1.03)

21.510.5

Relative risk, per 2 kg/m2

Relative risk (95% CI)

Figure 6.1.9 BMI and colorectal cancer; cohort studies:
dose response

Lee 1975 Men

Saydah 2003

Blondon 2000 Men

Kritchevsky 1984 Women

Ford 1999 Women

Chyou 1996 Men

Bostick 1994 Women

Bostick 1994 Women

Koh 2004

10 4020 30

BMI (kg/m2)
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these studies showed significant increased risk with
increased body fatness in Hispanic-American people but non-
significant decreased risks among white-American people.349

Meta-analysis was possible on 62 case-control studies, giv-
ing a summary effect estimate of 1.02 (95% CI 1.02–1.03)
per 2 kg/m2, with high heterogeneity (figure 6.1.10). 

The two ecological studies showed no consistent
association.360 361

Postmenopause
Twenty-four cohort studies42 45 50 122 149-151 155-159 162 163 165 167

169 170 174 175 178 180 182-185 187-195 199 200 and 56 case-control stud-
ies investigated body fatness,66 205-208 214 220 224-227 231 233 237 239

241 242 244 246-250 253-259 261-263 268 271 274 275 279-283 286-288 293 295-297

302 304 308 311 315 321 322 327 329 331 333 336-341 345 349 352 357-359 (as mea-
sured by BMI) and postmenopausal breast cancer.

Nineteen cohort studies showed increased risk with
increased body fatness,42 45 50 122 149 151 155-159 162 163 165 167 174

175 180 183-185 187-194 199 200 which was statistically significant in
seven.42 45 149 158 162 163 174 175 180 183 189 192 Five studies showed
decreased risk,150 169 170 178 182 195 which was statistically sig-
nificant in one.150 Meta-analysis was possible on 17 studies,
giving a summary effect estimate of 1.03 (95% CI 1.01–1.04)
per 2 kg/m2, with high heterogeneity (figure 6.1.11). This
would produce an increased risk of 8 per cent for each 
5 kg/m2, assuming a linear relationship, although a curvi-
linear dose-response relationship cannot be ruled out.
Heterogeneity may be explained partially by failure to adjust
for hormone replacement therapy (HRT) use. Three major
studies that reported results stratified for HRT status all
found statistically significant increased risk with increasing
body fatness only in women not taking HRT. 

Pooled analysis from seven cohort studies (more than 
337 000 participants, followed up for up to 11 years, with
more than 4300 breast cancer cases) showed a significant

increased risk of postmenopausal breast cancer with
increased body fatness. The effect estimate was 1.07 
(95% CI 1.02–1.11) per 4 kg/m2.362

Most case-control studies showed increased risk with
increased body fatness,66 205 207 208 220 224-227 233 237 239 241 246-250

253-258 261 262 271 274 275 279-283 286-288 293 295-297 302 308 311 315 327 329

331 333 336-341 345 349 352 357-359 which was statistically significant
in approximately half of these studies.66 220 227 233 237 241 246 253-

258 261 275 280 283 293 295 296 302 308 315 329 333 336 338-341 352 359 Meta-
analysis was possible on 48 studies, giving a summary effect
estimate of 1.05 (95% CI 1.05–1.06) per 2 kg/m2, with mod-
erate heterogeneity (figure 6.1.12). This would produce an
increased risk of 13 per cent for each 5 kg/m2, assuming a
linear relationship, although a curvilinear dose-response

Figure 6.1.11 BMI and postmenopausal breast cancer;
cohort studies

Sonnenschein 1999 1.20 (1.08–1.34)
Toniolo 1994 1.20 (1.05–1.39)
Galanis 1998 1.09 (1.01–1.16)
Gapstur 1992  1.08 (1.04–1.13)
Wirfalt 2004 1.07 (1.00–1.15)
Saadatian-Elahi 2002 1.07 (0.95–1.19)
Barrett-Connor 1993 1.06 (0.80–1.41)
Tornberg 1994  1.05 (1.01–1.09)
Tulinius 1997 1.04 (0.98–1.10)
Tehard 2004 1.03 (1.00–1.07)
Van den Brandt  1.03 (0.97–1.09)
Huang 1997 1.02 (0.99–1.05)
Rissanen 2003  1.01 (0.85–1.21)
Manjer 2001 0.97 (0.88–1.07)
Kaaks 1998 0.97 (0.86–1.09)
Jumaan 1999 0.95 (0.87–1.03)
Summary estimate 1.03 (1.01–1.04)

21.510.5

Relative risk (95% CI)

Relative risk, per 2 kg/m2

Figure 6.1.12 BMI and postmenopausal breast cancer;
case-control studies

Chie 1996 1.31 (0.80–2.13)
Hu 1997 1.25 (0.95–1.63)
Zhu 1996 1.21 (0.89–1.64)
Hirose 2003 1.18 (1.13–1.24)
Park 2000 1.18 (1.13–1.24)
Hansen 1997 1.17 (0.95–1.43)
Rattanamongkolg 2002 1.15 (1.05–1.25)
Zhu 2005 1.15 (1.01–1.30)
Yoo 2001 1.14 (1.08–1.21)
Talamini 1984 1.13 (1.02–1.25)
Tung 1999 1.13 (1.01–1.25)
Lopez-Carrillo 1997 1.13 (0.97–1.32)
Graham 1991 1.11 (1.04–1.19)
Chow 2005 1.10 (1.01–1.19)
Magnusson 1998 1.09 (1.06–1.12)
Rosenburg 1990 1.08 (0.99–1.18)
Trentham-Dietz 2000 1.08 (1.06–1.10)
Toti 1986 1.08 (1.02–1.14)
Harris 1992 1.08 (1.00–1.16)
Taioli 1995 1.07 (1.00–1.16)
Kohlmeier 1997 1.07 (1.01–1.13)
Li 2000 1.06 (1.00–1.13)
Newcomb 1999 1.06 (1.04–1.09)
Shoff 2000 1.06 (1.04–1.09)
Swanson 1989 1.06 (1.01–1.11)
Trentham-Dietz 1997  1.06 (1.04–1.08)
Dorn 2003 1.06 (1.01–1.11)
Carpenter 2003 1.06 (1.02–1.10)
Li 2003 1.06 (1.01–1.10)
Hsieh 1990 1.05 (1.03–1.07)
Fioretti 1999 1.05 (0.97–1.13)
Franceschi 1996 1.05 (1.02–1.07)
Terry 2002 1.05 (1.02–1.07)
Ng 1997 1.04 (0.94–1.16)
Hall 2000 1.04 (0.96–1.13)
Adebamowo 2003 1.04 (0.94–1.15)
Van’t Veer 1989 1.04 (0.88–1.22)
Marubini 1988 1.03 (0.91–1.17)
Helmrich 1983 1.03 (0.99–1.06)
McCann 2004 1.02 (0.99–1.05)
Adami 1977 1.01 (0.91–1.13)
Hislop 1986 1.01 (0.92–1.10)
Hall 2000 1.00 (0.96–1.04)
Sonnichsen 1990 1.00 (0.98–1.02)
Friedenreich 2002 1.00 (0.96–1.04)
Petrek 1993 0.97 (0.85–1.11)
De Vasconcelos 2001 0.94 (0.85–1.03)
Adams-Campbell 1996  0.90 (0.83–0.98)
Summary estimate 1.05 (1.05–1.06)

1.510.8 2

Relative risk (95% CI)

Relative risk, per 2 kg/m2
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relationship cannot be ruled out. Heterogeneity may be par-
tially explained by differential adjustment between studies.

A dose-response relationship is apparent from cohort and
case-control data (figure 6.1.13, figure 6.1.14).

The general mechanisms through which body fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4). 

There is abundant and consistent epidemiological
evidence and a clear dose response, with robust
evidence for mechanisms operating in humans. The
evidence that greater body fatness is a cause of
postmenopausal breast cancer is convincing.

The Panel is aware that since the conclusion of the SLR, one
cohort363 and one case-control study364 have been published.
This new information does not change the Panel judgement
(also see box 3.8).

Premenopause
Twenty cohort studies45 122 149 150 155 162 167 170 174-178 184 185 188-

192 195-198 and 59 case-control studies66 205-208 210 214 216-218 223-

227 231 233 237 239 241 242 247-250 253-259 261-263 268 269 272 281 282 284 286-290

293 297 302-304 306-308 311 312 320-322 324-330 336-341 343-346 349 352 357-359

investigated body fatness (as measured by BMI) and pre-
menopausal breast cancer.

Thirteen cohort studies showed decreased risk with
increased body fatness,45 149 150 167 170 174-176 184 185 189 191 192 195-

198 which was statistically significant in seven.149 150 167 176 184

192 195-198 Four studies showed non-significant increased
risk.155 162 188 190 Three studies showed no effect on risk.122

177 178 Meta-analysis was possible on 14 studies, giving a
summary effect estimate of 0.94 (95% CI 0.92–0.95) per 
2 kg/m2, with moderate heterogeneity (figure 6.1.15). This
would produce a decreased risk of 15 per cent for each 
5 kg/m2, assuming a linear relationship, although a curvi-
linear dose response cannot be ruled out.

Egger’s test for publication bias suggested some over-
representation of studies showing a protective effect on
premenopausal breast cancer of increasing BMI.

Pooled analysis from 7 cohort studies (more than 337 000
participants, followed up for up to 11 years, with more than
4300 breast cancer cases) showed a significant decreased risk
of premenopausal breast cancer with increased body fatness.
The effect estimate was 0.89 (95% CI 0.81–0.97) per 4
kg/m2.365

Most case-control studies showed decreased risk with
increased body fatness,205 206 214 216-218 223-225 231 233 237 239 241 242

247-250 259 262 263 268 281 282 284 286-290 293 297 302-304 311 324-328 330 338-

341 349 which was statistically significant in approximately one
third of these studies.214 218 223 231 237 250 262 268 303 304 326 327 330

Figure 6.1.13 BMI and postmenopausal breast cancer;
cohort studies: dose response

Manjer 2001

Toniolo 1994

Tehard 2004

Sonnenschein 1999

Kaaks 1998

Jumaan 1999

Huang 1997

Gapstur 1992

Galanis 1998

16 3420 24 28 3230262218
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Figure 6.1.14 BMI and premenopausal breast cancer;
case-control studies: dose response

Zhu 2005

Chow 2005

Shoff 2000

Rosenberg 1990

Rattanamongkolg 2002

Newcomb 1999

Park 2000
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Marubini 1988

Magnusson 1998
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Li 2003

Tung 1999
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Talamini 1984
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Hislop 1986

Hirose 2003

Helmrich 1983

Harris 2003

Graham 1991

Friedenreich 2002

Fioretti 1999

De Vasconcelos 2001

Chie 1996

Carpenter 2003

16 2420 28 3212 36 40 44

BMI (kg/m2)



221

C H A P T E R  6 •  B O D Y  C O M P O S I T I O N ,  G R O W T H ,  A N D  D E V E L O P M E N T

Meta-analysis was possible on 51 case-control studies,205-208

216 218 223 226 231 233 239 241 242 247-250 256 258 259 261 262 272 281 282 284

286-290 297 302-304 306-308 311 312 320-322 324-329 336 338-341 343-346 352 357

359 giving a summary effect estimate of 0.97 (95% CI
0.96–0.97) per 2 kg/m2, with moderate heterogeneity. 

A dose-response relationship was apparent from cohort
(figure 6.1.16) and case-control data.

There is no single, well-established mechanism through
which body fatness could prevent premenopausal breast can-
cer. According to the oestrogen plus progesterone theory,
overweight premenopausal women would be protected
because they would be more frequently anovulatory and
therefore less exposed to endogenous progesterone.
However, this theory is not well supported by recent studies,
which suggest that natural progesterone could be pro-
tective.365 Normal levels of natural progesterone are likely 
to be protective and women who are well nourished, or
perhaps overnourished, who may become slightly over-
weight in adulthood, may be protected by their natural
fertile condition. Another possible mechanism is that the
increased adipose tissue-derived oestrogen levels in over-
weight children could induce early breast differentiation and
eliminate some targets for malignant transformation.366

Anovulation and abnormal hormone profiles are commonly
associated with obesity.367 The age-specific pattern of asso-
ciation of breast cancer with BMI, therefore, is largely
explained by its relationship with endogenous sex hormone
levels.

Breast cancer diagnosed postmenopause is much more
common. Therefore, throughout life, a decreased risk of
premenopausal breast cancer would be expected to be

outweighed by an increased risk of postmenopausal 
breast cancer (also see chapter 7.10).

There is a substantial amount of consistent
epidemiological evidence, with a dose response, but
the mechanistic evidence is speculative. Greater body
fatness probably protects against premenopausal
breast cancer.

The Panel is aware that since the conclusion of the SLR, one
cohort363 and one case-control study364 have been published.
This new information does not change the Panel judgement
(also see box 3.8).

Endometrium
Twenty-three cohort studies,45 50 52 55 122 137 168 192 368-385 41
case-control studies,254 386-455 and 2 cross-sectional studies456-

458 investigated body fatness (as measured by BMI) and
endometrial cancer. Three cohort studies168 376 382 and 6 case-
control studies254 409 416 422 424 425 441 investigated BMI mea-
sured as a young adult.

Twenty-two cohort studies showed increased risk with
increased body fatness,50 52 55 122 137 168 192 368-370 373-377 380-383

which was statistically significant in 16.384 One small study
showed non-significant decreased risk.376 382 Meta-analysis
was possible on 15 cohort studies, giving a summary effect
estimate of 1.52 (95% CI 1.35–1.72) per 5 kg/m2, with high
heterogeneity (figure 6.1.17).

Nearly all of the case-control studies showed increased risk
with increased body fatness, most of which were statistical-
ly significant.254 387-390 392 394-409 411-438 440-443 446 453 454 One

Figure 6.1.15 BMI and premenopausal breast cancer;
cohort studies

Galanis 1998  1.09 (0.96–1.25)

Toniolo 1994 1.09 (0.96–1.23)

Manjer 2001 1.00 (0.89–1.13)

Tulinius 1997 1.00 (0.92–1.09)

Karaks 1998 0.99 (0.89–1.10)

Sonnenschein 1999 0.95 (0.84–1.07)

Huang 1997 0.95 (0.91–0.98)

Saadatien-Elahi 2002 0.94 (0.83–1.07)

Vatten 1992 0.94 (0.90–0.98)

Tehard 2004 0.93 (0.87–0.99)

Weiderpass 2004 0.92 (0.88–0.96)

Ahlgren 2004 0.92 (0.88–0.96)

Tornberg 1994 0.86 (0.80–0.92)

Rissanen 2003 0.75 (0.62–0.90)

Summary estimate 0.94 (0.92–0.95)

1.510.5

Relative risk (95% CI)

Relative risk, per 2 kg/m2

Figure 6.1.16 BMI and premenopausal breast cancer;
cohort studies: dose response
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study showed no effect on risk after adjustment for waist cir-
cumference, but the unadjusted result showed a statistical-
ly significant increased risk.455 No studies showed decreased
risk with increased body fatness. Meta-analysis was possible
on 28 case-control studies, giving a summary effect estimate
of 1.56 (95% CI 1.45–1.66) per 5 kg/m2, with high hetero-
geneity (figure 6.1.17). Heterogeneity was predominantly
the result of variation in the size of effect, rather than direc-
tion of effect.

A dose-response relationship is apparent from cohort and
case-control data (figures 6.1.17 and 6.1.18). There was no

evidence of effect modification by menopause, smoking, or
oestrogen-use status.   

Both cross-sectional studies reported an association
between higher BMI and increased risk of endometrial
cancer.456-458

The general mechanisms through which body fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4). 

BMI as a young adult
All three cohort studies showed increased risk with increased
body fatness, which was statistically significant in two.376 382

Meta-analysis was possible on all three cohort studies, giv-
ing a summary effect estimate of 1.31 (95% CI 1.12–1.54)
per 5 kg/m2, with no heterogeneity.168 376 382

Four case-control studies showed non-significant increased
risk with increased body fatness,409 416 424 425 441 and two
showed non-significant decreased risk.254 422 Meta-analysis
was possible on all six case-control studies, giving a summary
effect estimate of 1.10 (95% CI 0.95–1.27) per 5 kg/m2, with
low heterogeneity.254 409 416 422 424 425 441

A dose-response relationship was apparent from cohort but
not case-control data.

There is abundant consistent epidemiological evidence
with a clear dose response, and robust evidence for
mechanisms operating in humans. The evidence that
greater body fatness is a cause of endometrial cancer is
convincing.

Figure 6.1.17 BMI and endometrial cancer; cohort and
case-control studies

Cohort
Ewertz 1984 1.26 (0.93–1.70)
Baanders-van Halewn 1985 1.71 (0.83–3.50)
Tornberg 1994 1.54 (1.33–1.78)
Tulinius 1997 1.31 (1.07–1.61)
Bernstein 1999 1.39 (1.15–1.69)
Calle 2003 1.40 (1.29–1.51)
Folsom 2003 1.76 (1.58–1.96)
Furberg 2003 1.59 (1.21–2.09)
Jonsson 2003 1.86 (1.49–2.33)
Schouten 2004 1.84 (1.48–2.30)
Kuriyama 2005 1.63 (0.94–2.82)
Lacey 2005 1.07 (1.00–1.14)
Rapp 2005 1.48 (1.29–1.71)
Silvera 2005 1.75 (1.56–1.96)
Lukanova 2006 1.85 (1.33–2.57)

Summary estimate 1.52 (1.35–1.72)

Case control
Elwood 1977 1.34 (1.10–1.63)
La Vecchia 1982 1.99 (1.62–2.46)
Evertz 1988 1.57 (1.19–2.08)
Cusimano 1989 1.36 (0.98–1.88)
Zhang 1989 1.63 (1.29–2.05)
Austin 1991 1.36 (1.15–1.60)
Levi 1993 1.38 (1.12–1.71)
Shu 1993 1.43 (1.07–1.91)
Swanson 1993 1.25 (1.07–1.47)
Olson 1995 1.76 (1.41–2.20)
Parazzini 1995 1.59 (1.44–1.76)
Gruber 1996 1.73 (1.57–1.91)
Kalandidi 1996 1.93 (1.48–2.51)
Goodman 1997 1.99 (1.62–2.44)
Geraci 1998 1.47 (0.96–2.24)
Hachisuga 1998 1.46 (1.17–1.81)
Hose 1999 1.65 (1.18–2.29)
Beard 2000 1.34 (1.06–1.69)
Salazar-Martinez 2000 1.44 (1.09–1.90)
Weiderpass 2000 1.69 (1.50–1.89)
Newcomer 2001 1.58 (1.44–1.74)
Petitlou 2002 2.12 (1.37–3.27)
Augustin 2003 1.29 (1.08–1.54)
Hom-Ross 2003 1.16 (1.08–1.25)
Augustin 2003 2.10 (1.27–3.48)
Trentham-Dietz 2005 1.69 (1.54–1.84)
Xu 2005 1.78 (1.54–2.06)
Okamura 2006 1.74 (1.02–2.97)

Summary estimate  1.56 (1.45–1.66)

Relative risk (95% CI)

Relative risk, per 5 kg/m2

3210.5

Figure  6.1.18 BMI and endometrial cancer; cohort studies:
dose response
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The Panel is aware that since the conclusion of the SLR, one
cohort study146 and one case control study459 have been pub-
lished. This new information does not change the Panel judge-
ment (also see box 3.8).

Kidney 
Seventeen cohort studies42 45 57 122 279 460-473 and 20 case-
control studies66 474-502 investigated body fatness (as mea-
sured by BMI) and kidney cancer.

Fifteen cohort studies showed increased risk with
increased body fatness42 45 57 122 279 460-468 470-472; this was sta-
tistically significant in seven studies,57 122 460 461 465 466 468 472

and in women but not men in another.42 Two studies stated
that there was no statistically significant association.469 473 No
cohort studies showed decreased risk. Meta-analysis was pos-
sible on seven cohort studies that adjusted for smoking, giv-
ing a summary effect estimate of 1.31 (95% CI 1.24–1.39)
per 5 kg/m2, with low heterogeneity (figure 6.1.19)

Eighteen case-control studies66 474-493 495-497 499-502 showed
increased risk with increased body fatness; this was statisti-
cally significant in 14 studies,66 474 476-478 480-483 485 487 488 490-

493 495-497 500 and in men but not women in another.501 One
study showed no effect on risk498 and another (where the
controls were not drawn from the same population as the
cases, making it a relatively low-quality study) showed a
non-significant decreased risk.494 Meta-analysis was possible
on two case-control studies that adjusted for smoking and
eight unadjusted case-control studies. This gave summary
effect estimates of 2.05 (95% CI 1.43–2.92) per 5 kg/m2,
with low heterogeneity, and 1.42 (95% CI 1.17–1.72) per 5
kg/m2, with high heterogeneity, respectively (figure 6.1.19).

A dose-response relationship is apparent from cohort and
case-control data (figure 6.1.20).

The general mechanisms through which body fatness
could plausibly influence cancer risk are outlined in 6.1.3

and box 2.4; in addition, laboratory studies point to a poten-
tial role for insulin and leptin in renal cell carcinoma.503 504

There is abundant and consistent epidemiological
evidence with a dose-response relationship and
evidence of plausible mechanisms. The evidence that
greater body fatness is a cause of kidney cancer is
convincing.

The Panel is aware that since the conclusion of the SLR, three
cohort studies30 52 142 and one case-control study505 have been
published. This new information does not change the Panel
judgement (also see box 3.8).

Gallbladder 
Five cohort studies,42 45 56 58 141 201 seven case-control stud-
ies,506-514 and two cross-sectional studies515-517 investigated
body fatness (as measured by BMI) and gallbladder cancer. 

Most cohort studies showed increased risk with increased
body fatness. For two studies, results for the whole cohort
showed statistically significant increased risk.42 201 One study
reported significant increased risk for women and non-
significant increased risk for men,141 while another report-
ed statistically significant increased risk for women and
non-significant decreased risk for men.45 One study report-
ed a significant increased risk for white men and a non-
significant decreased risk for black men.56 Meta-analysis was
possible on four cohort studies, giving a summary effect
estimate of 1.23 (95% CI 1.15–1.32) per 5 kg/m2, with 
moderate heterogeneity (figure 6.1.21).

Most case-control studies showed increased risk with
increased body fatness,506 507 509 510 513 514 which was

Figure 6.1.19 BMI and kidney cancer; cohort and
case-control studies

Cohort

Chow 2000 1.37 (1.18–1.59)

Flaherty 2005 1.52 (1.00–2.31)

Oh 2005 1.43 (1.22–1.67)

Hiatt 1994 1.18 (0.82–1.70)

Van Dijk 2004 1.27 (1.23–1.31)

Bjorge 2004 1.28 (1.24–1.33)

Gamble 1996 2.53 (1.12–5.68)

Summary estimate 1.31 (1.24–1.39)

Case control

Mattioli 2002 2.74 (1.40–5.32)

Boeing 1997 1.83 (1.21–2.76)

Summary estimate 2.05 (1.43–2.92)

410.25 20.5

Relative risk (95% CI)

Relative risk, per 5 kg/m2

Figure  6.1.20 BMI and kidney cancer; cohort and
case-control studies: dose response

Cohort

Flaherty 2005

Oh 2005

Hiatt 1994

Gamble 1996

Chow 2000

Case control

Boeing 1997

Mattioli 2002

22.517.5 3025 27.520

BMI (kg/m2 )



224

P A R T  2  •  E V I D E N C E  A N D  J U D G E M E N T S

statistically significant in three.506 510 513 Two studies showed
decreased risk,511 512 which was statistically significant in
one.512 One study showed no effect on risk in men, but a sta-
tistically significant increased risk in women.508 Meta-analy-
sis was possible on all seven case-control studies,506-514 giving
a summary effect estimate of 1.19 (95% CI 0.81–1.75) per
5 kg/m2, with high heterogeneity. Heterogeneity could be at
least partly attributed to differences in the study participants’
ethnicity or sex, or to the number of adjustments made in
the study. In addition, there was variation according to
whether BMI was derived from direct measurements or self-
reports of weight and height, as well as in the outcome mea-
sured. For example, one cohort and one case-control study
reported biliary tract cancer as opposed to gallbladder can-
cer specifically, and some studies reported incidence while
others reported mortality.

The general mechanisms through which body fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.5). In addition, obesity is a known cause of
gallstone formation and having gallstones increases the risk
of gallbladder cancer (see chapter 7.7), possibly through bile
cholesterol supersaturation leading to cholesterol-based gall-
stones. High cholesterol in the bile is not necessarily relat-
ed to dietary cholesterol — it can also be caused by insulin
resistance, which can be caused by obesity. Insulin resistance
can independently increase cholesterol synthesis in the liver
and decrease cholesterol absorption.518 Bile cholesterol lev-
els are also gender-linked: women excrete more cholesterol
in bile than men. 

Owing to the link between gallstones and gallbladder can-
cer, the Panel reviewed the dietary causes of having gall-
stones, especially in relation to body fatness. BMI increased
the risk of having gallstones in a linear fashion.519 Waist cir-
cumference was associated with gallstone risk in men, inde-
pendently of BMI,520 and insoluble fibre in the diet showed

a protective effect.521 Gallstone formation is strongly asso-
ciated with dieting, especially where it involves rapid weight
loss — such as seen with very low-energy diets and bariatric
surgery.522 523 Rapid weight loss is also a common feature of
weight cycling. Weight cycling is associated with obesity and
independently associated with gallstones; people who are
more severe weight cyclers have a higher risk of gallstones.524

There is a substantial amount of generally consistent
epidemiological evidence with some evidence of a dose
response. There is evidence for several plausible
mechanisms. Greater body fatness is a probable cause
of gallbladder cancer, directly and also indirectly
through the formation of gallstones. 

Liver
Six cohort studies42 44 54-57 525 and two case-control studies
investigated body fatness526 527 (as measured by BMI), or
obesity, and liver cancer.

Five cohort studies showed increased risk for the highest
body fatness group compared to the lowest.42 44 54 55 57 This
was statistically significant in two studies,54 57 and in men
but not women in another two.42 55 One cohort study showed
a statistically significant increased risk in white men and a
significant decreased risk in black men.56 Effect estimates
were 1.68 in women (95% CI 0.93–3.04) and 4.52 in men
(95% CI 2.94–6.94)42; 1.44 in white men (95% CI
1.28–1.61) and 0.68 in black men (95% CI 0.49–0.94)56;
1.56 in men (95% CI 1.15–2.12)57; 3.88 in men (95% CI
0.96–15.69)44; 1.9 in both sexes (95% CI 1.5–2.5)54; and
1.70 in women (95% CI 0.95–3.05) and 3.60 in men (95%
CI 2.08–6.24).55

Neither case-control study showed any statistically signif-
icant association.526 527

The general mechanisms through which body fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4). 

The epidemiological evidence shows some
inconsistencies, and the mechanistic evidence is
speculative. There is limited evidence suggesting that
greater body fatness is a cause of liver cancer.

The Panel is aware that since the conclusion of the SLR, two
cohort studies30 528 have been published. This new information
does not change the Panel judgement (see box 3.8).

Lung 
Twenty-one cohort studies,42 57 76 88 122 144 529-545 24 case-con-
trol studies,546-573 and 1 ecological study574 investigated body
fatness (as measured by BMI) and lung cancer.

Twenty cohort studies showed decreased risk with
increased body fatness42 57 76 88 122 529-545; this was statistical-
ly significant in 12 studies,42 76 122 531 533-535 540 542 543 545 and in
women but not men in another study.536 One study showed
no effect on risk.144 Meta-analysis was possible on 14 cohort
studies,57 88 122 144 530 532 534 535 537 538 540 543-545 giving a summary
effect estimate of 0.98 (95% CI 0.98–0.99) per kg/m2, with
high heterogeneity. This would produce a decreased risk of

Figure 6.1.21 BMI and gallbladder cancer; cohort studies

Calle 2003 Men 1.38 (1.05–1.82)

Calle 2003 Women 1.28 (1.14–1.43)

Samanic 2004 Black Men 0.97 (0.58–1.64)

Samanic 2004 White Women 1.22 (1.05–1.42)

Kuriyama 2005 Men 0.42 (0.04–4.77)

Kuriyama 2005 Women 1.91 (1.16–3.13)

Engeland 2005 Men age 45–74 1.10 (0.99–1.23)

Engeland 2005 Men age 20–44 1.15 (0.92–1.44)

Engeland 2005 Women age 20–44 1.37 (1.24–1.50)

Engeland 2005 Women age 45–74 1.19 (1.13–1.25)

Summary estimate 1.23 (1.15–1.32)

1 50.25 20.5

Relative risk (95% CI)

Relative risk, per 5 kg/m2
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5 per cent for each 5 kg/m2, assuming a linear relationship,
although a curvilinear dose-response relationship cannot be
ruled out. When meta-analysis was restricted to the 10 stud-
ies that adjusted for smoking, the effect estimate and CIs
remained the same, but with low heterogeneity.57 88 144 530 534

537 538 540 544 Heterogeneity was caused by variation in the size
but not the direction of the effect.

Begg’s and Egger’s tests suggested publication bias; that
is, the smaller the study, the stronger the protective associ-
ation observed. Smaller studies, with results of weak or no
association, appear to have been less likely to be published.

Twenty-two case-control studies showed decreased risk
with increased body fatness,546-560 562-570 572 573 which was sta-
tistically significant in nine.548 550 551 553 557 563 564 566 567 570 572

Two studies showed increased risk,561 571 which was statisti-
cally significant in one.561 Meta-analysis was possible on 10
case-control studies,546 550 554 555 557 566-568 570 572 giving a sum-
mary effect estimate of 0.98 (95% CI 0.98–0.99) per kg/m2,
with low heterogeneity. The effect estimate was unchanged
when three studies that did not adjust for smoking were
excluded from the analysis.546 568 572

The single ecological study showed a non-significant asso-
ciation between increased body fatness and decreased risk.574

Smoking is the principal cause of lung cancer and may also
be associated with lower BMI. There is a high potential for
confounding due to cigarette smoking, and residual con-
founding is therefore possible. In addition, it is possible that
people with undiagnosed lung cancer may lose weight, so
giving a spurious association (reverse causation).

There is no known mechanism through which greater body
fatness could plausibly protect against lung cancer, or
through which low body fatness could increase risk.

Although the epidemiological evidence suggests an
inverse relationship, this could be caused by
confounding by cigarette smoking or reverse causation
due to weight loss from undiagnosed cancer. There is
limited evidence suggesting that low body fatness is a
cause of lung cancer.

6.1.3.2  Abdominal fatness
Colorectum
Seven cohort studies87 92 97 115 118 137 142 and two case-control
studies investigated waist circumference and colorectal
cancer. Six cohort studies82 87 92 97 115 137 142 and four case-
control studies investigated waist to hip ratio.

Waist circumference
All seven cohort studies showed increased risk with increased
waist circumference, which was statistically significant in
six.87 97 115 118 137 142 Meta-analysis was possible on four cohort
studies, giving a summary effect estimate of 1.05 (95% CI
1.03–1.07) per 2.5 cm (1 inch), with moderate heterogeneity
(figure 6.1.22). Both case-control studies reported increased
risk with increased waist circumference. 

Waist to hip ratio
All six cohort studies showed increased risk with increased
waist to hip ratio, which was statistically significant in 

five.87 97 115 137 142 Meta-analysis was possible on five cohort
studies, giving a summary effect estimate of 1.30 (95% CI
1.17–1.44) per ratio increment of 0.1, with moderate het-
erogeneity (figure 6.1.23). Most case-control studies report-
ed increased risk with increased waist circumference.

Because of the abundant prospective data from cohort
studies, case-control studies were not summarised.

The general mechanisms through which body fatness and
abdominal fatness could plausibly influence cancer risk are
outlined in 6.1.3 (also see box 2.4). Many of these, such as
increased circulating oestrogens and decreased insulin sen-
sitivity, are particularly associated with abdominal rather
than overall body fatness.

There is ample, consistent epidemiological evidence
with a clear dose response and robust evidence for
mechanisms that operate in humans. The evidence
that abdominal fatness is a cause of colorectal cancer
is convincing.

Figure 6.1.22 Waist circumference and colorectal cancer;
cohort studies

Giovanucci 1995 Men 1.10 (1.04–1.15)

Folsom 2000 1.03 (1.01–1.05)

Maclnnis 2004 1.08 (1.04–1.13)

Pischon 2006 Men 1.04 (1.04–1.13)

Pischon 2006 Women 1.03 (1.01–1.06)

Summary estimate 1.05 (1.03–1.07)

Relative risk (95% CI)

1 1.20.8 1.10.9

Relative risk, per inch

Figure 6.1.23 Waist to hip ratio and colorectal cancer;
cohort studies

Giovanucci 1995 Men 1.72 (1.10–2.68)

Martinez 1997 Women 1.27 (0.97–1.66)

Folsom 2000 Women 1.16 (1.03–1.29)

Maclnnis 2004 1.68 (1.27–2.22)

Pischon 2006 Women 1.27 (1.11–1.46)

Pischon 2006 Men 1.30 (1.08–1.55)

Summary estimate 1.30 (1.17–1.44)

Relative risk (95% CI)

1 50.2 20.5

Relative risk, per 0.1 increment
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The Panel is aware that since the conclusion of the SLR, three
cohort studies31 142 143 have been published. This new infor-
mation does not change the Panel judgement (see box 3.8). 

Pancreas
Three cohort studies investigated waist circumference and
pancreatic cancer.46 74 Two cohort studies investigated waist
to hip ratio51 74 and one investigated patterns of weight gain.49

Waist circumference
All three cohort studies showed increased risk with increased
waist circumference, which was statistically significant in one.
Effect estimates were 1.32 (95% CI 0.73–2.37) per 20 cm (7.9
inches) in women,46 1.74 (95% CI 1.00–3.01) per 20 cm (7.9
inches) in men,46 and 1.13 (95% CI 1.01–1.26) per 10 cm
(3.9 inches).74 The latter study was published after the cut-
off date for inclusion in the SLR. However, the Panel was
aware of the study and agreed to include it in its considera-
tion of this exposure.

Waist to hip ratio
Both cohort studies showed increased risk with increased waist
circumference, which was statistically significant in one. Effect
estimates were 1.12 (95% CI 0.81–1.55; high versus low)51

and 1.24 (95% CI 1.04–1.48) per ratio increment of 0.1.74 The
latter study was published after the cut-off date for inclusion
in the SLR. However, the Panel was aware of the study and
agreed to include it in its consideration of this exposure.

Patterns of weight gain
The single cohort study showed a statistically significant
increased risk with a self-reported tendency to abdominal
(central) weight gain, when compared to peripheral weight
gain. The effect estimate was 1.45 (95% CI 1.02–2.07).49

The general mechanisms through which abdominal fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4). 

There is a substantial amount of epidemiological
evidence, generally consistent, and there is evidence for
plausible mechanisms. Abdominal fatness is a probable
cause of pancreatic cancer.

Breast (postmenopause)
Eight cohort studies157 159 170 174 180 187 199 575-577 and three case-
control studies207 242 304 investigated waist circumference and
postmenopausal breast cancer. Eight cohort studies157 159 163

170 174 180 187 189 199 575 576 and eight case-control studies241 242

247 248 297 304 308 321 investigated waist to hip ratio.

Waist circumference
All eight cohort studies showed increased risk with increased
waist circumference, which was statistically significant in
two.157 180 199 Meta-analysis was possible on four cohort stud-
ies,159 170 575 577 giving a summary effect estimate of 1.05 (95%
CI 1.00–1.10) per 8 cm (3.1 inches), with no heterogeneity.

All three case-control studies showed increased risk with
increased waist circumference, which was statistically sig-
nificant in two.207 242

Waist to hip ratio
Six cohort studies showed increased risk with increased waist
to hip ratio,157 159 163 170 174 180 187 199 575 which was statistical-
ly significant in four.163 170 187 199 575 Two studies showed non-
significant decreased risk.189 576 Meta-analysis was possible
on five cohort studies, giving a summary effect estimate of
1.19 (95% CI 1.10–1.28) per ratio increment of 0.1, with
moderate heterogeneity (figure 6.1.24).

Five case-control studies showed increased risk with
increased waist to hip ratio,242 247 297 308 321 which was statis-
tically significant in three.242 297 308 Three studies showed
non-significant decreased risk.241 248 304 Meta-analysis was
possible on seven case-control studies, giving a summary
effect estimate of 1.07 (95% CI 1.00–1.14) per ratio incre-
ment of 0.1, with moderate heterogeneity (figure 6.1.24).

The general mechanisms through which abdominal fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4). Many of these, such as increased circu-
lating oestrogens and decreased insulin sensitivity, are par-
ticularly associated with abdominal rather than overall 
body fatness.

There is a substantial amount of epidemiological
evidence but some inconsistency. There is robust
evidence for mechanisms that operate in humans.
Abdominal fatness is a probable cause of
postmenopausal breast cancer.

Figure 6.1.24 Waist to hip ratio and postmenopausal breast
cancer; cohort and case-control studies

Cohort

Kaaks 1998 2.04 (1.17–3.53)

Wirfalt 2004 1.49 (1.11–2.01)

Gapstur 1992 1.18 (1.05–1.31)

Huang 1999 1.15 (1.02–1.30)

Sonnenschein 1999 0.99 (0.69–1.40)

Summary estimate 1.19 (1.10–1.28)

Case control

Attanamongkolg 2002 1.68 (1.13–2.49)

Hall 2000 White women 1.34 (1.00–1.81)

Hall 2000 Black women 1.34 (0.90–2.00)

Friedenreich 2002 1.32 (1.10–1.58)

Sonnichsen 1990 1.0 (0.92–1.12)

Franceschi 1996 0.97 (0.86–1.10)

Hansen 1997 0.81 (0.44–1.51)

Petrek 1993 0.76 (0.41–1.42)

Summary estimate 1.07 (1.00–1.14)

1 20.25 3 4

 Relative risk (95% CI)

Relative risk, per 0.1 increment



227

C H A P T E R  6 •  B O D Y  C O M P O S I T I O N ,  G R O W T H ,  A N D  D E V E L O P M E N T

Endometrium
One cohort study137 and four case-control studies419 455 578 579

investigated waist circumference and endometrial cancer.
One cohort study137 368 373 374 376 and six case-control stud-
ies388 404 423 424 446 455 578-580 investigated waist to hip ratios.

Waist circumference
The single cohort study showed a statistically significant
increased risk for the highest waist circumference group
when compared to the lowest. The effect estimate was 4.2
(95% CI 2.8–6.2).137

All four case-control studies showed statistically significant
increased risk for the highest waist circumference group
when compared to the lowest.419 455 578 579 Three studies
adjusted for BMI.419 455 579

Waist to hip ratio
The single cohort study showed a statistically significant
increased risk for the highest waist circumference group
when compared to the lowest.137 368 373 374 376 The effect esti-
mate was 1.96 (95% CI 1.43–2.71) or 1.33 (95% CI
1.18–1.51) per ratio increment of 0.1 (figure 6.1.25).373 An
earlier report from the same study adjusted for BMI, which
reduced the effect estimate and made it non-significant: 1.2
(95% CI 0.8–1.9; high versus low).137

Five case-control studies showed increased risk with
increased waist to hip ratio,388 404 423 424 455 578 579 which was
statistically significant in two.404 423 424 455 578 580 One study
showed non-significant decreased risk.446 Meta-analysis was
possible on four case-control studies, giving a summary effect
estimate of 1.45 (95% CI 1.00–2.09) per ratio increment of
0.1, with high heterogeneity (figure 6.1.25). All four of these
case-control studies were adjusted for BMI.

The general mechanisms through which abdominal fatness
could plausibly influence cancer risk are outlined in 6.1.3
(also see box 2.4). Many of these, such as increased
circulating oestrogens and decreased insulin sensitivity, are

particularly associated with abdominal rather than overall
body fatness.

There is a substantial amount of generally consistent
epidemiological evidence, but limited prospective
data. There is evidence for plausible mechanisms.
Greater abdominal fatness is a probable cause of
cancer of the endometrium.

6.1.3.3 Adult weight gain
Breast (postmenopause) 
Seven cohort studies158 159 167 193 576 581-586 and 17 case-con-
trol studies217 220 225 231 241 242 255 274 280 283 315 318 327 338 339 349 359

587-591 investigated adult weight gain and postmenopausal
breast cancer. 

All seven cohort studies showed increased risk with
increasing amounts of weight gained in adulthood, which
was statistically significant in two.159 167 581 583 586 Two cohort
studies stratified results according to whether or not partic-
ipants were using HRT.158 576 584 Both studies showed a
statistically significant increased risk in women not using
HRT. Studies of weight gain and premenopausal breast can-
cer showed no overall effect on risk. 

The full SLR is contained on the CD included with this
Report.

Thirteen case-control studies showed increased risk with
increasing amounts of weight gained in adulthood,217 220 225

231 241 242 255 280 283 315 318 327 338 339 349 587 589-591 which was sta-
tistically significant in 11.217 220 242 255 280 283 315 318 338 339 349 587

589-591 No studies reported significant decreased risk. Meta-
analysis was possible on six case-control studies, giving a
summary effect estimate of 1.05 (95% CI 1.04–1.07) per 
5 kg (11 lbs) gained, with high heterogeneity (figure 6.1.26).

Figure 6.1.25 Waist to hip ratio and endometrial cancer;
cohort and case-control studies

Cohort

Folsom 2003 1.33 (1.18–1.51)

Case control

Elliott 1990 2.13 (0.94–4.83)

Austin 1991 1.01 (0.74–1.38)

Goodman 1997 1.22 (1.00–1.49)

Xu 2005 2.03 (1.63–2.53)

Summary estimate 1.45 (1.00–2.09)

210.5 3

Relative risk (95% CI)

Relative risk, per 0.1 increment

Figure 6.1.26 Weight gain and postmenopausal breast
cancer; cohort and case-control studies

Cohort

Brestom 2001 1.11 (0.99–1.24)

Folsom 1990 1.11 (1.03–1.20)

Huang 1997 1.05 (1.02–1.08)

Barnes-Josiah 1995 1.03 (1.02–1.03)

Summary estimate 1.03 (1.02–1.04)

Case control

Jemstrom 1999 1.28 (1.05–1.55)

Chie 1998 1.09 (0.84–1.40)

Trentham-Dietz 1.07 (1.05–1.09)

Friedenreich 2002 1.06 (1.01–1.11)

Franceschi 1996 1.04 (1.00–1.07)

Trentham-Dietz 2000 0.97 (0.93–1.01)

Summary estimate 1.05 (1.04–1.07)

1.510.5

Relative risk (95% CI)

Relative risk, per 5 kg gained
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Heterogeneity may be explained by failure to separate
postmenopausal participants using HRT.

There is ample, consistent epidemiological evidence
from both cohort and case-control studies. A dose
response was apparent from case-control and cohort
studies. Adult weight gain is a probable cause of
postmenopausal breast cancer.

6.1.4  Comparison with previous report

The previous report used different terminology. It conclud-
ed that the evidence that ‘high body mass’ was a cause of
cancer of the endometrium was convincing, and that high
body mass was probably a cause of cancers both of the breast
(postmenopause) and the kidney. In the previous report, the
evidence that high body mass was a cause of cancers of the
colon and gallbladder was judged to be possible. Since that
time, several cohort studies and other epidemiological and
other evidence have greatly strengthened the evidence on
body fatness, and specifically on overweight and obesity.
Also, the distinction between adenocarcinomas and squa-
mous cell carcinomas has identified a clear relationship
between body fatness and adenocarcinomas of the oesoph-
agus. The previous report did not make any judgements
specifically on abdominal fatness. 

The previous report did not include judgements on body
fatness and pancreatic cancer, although it did conclude that
high energy intake was a possible cause of this cancer.592 It
also noted data from correlation and animal studies sug-
gesting that high energy intake might increase the risk of
cancer in general, without making any judgement.

6.1.5  Conclusions

The Panel concludes: 
The evidence that greater body fatness is a cause of cancers
of various sites is more impressive now than it was in the
mid-1990s. 

The evidence that greater body fatness is a cause of can-
cers of the oesophagus (adenocarcinoma), pancreas, col-
orectum, breast (postmenopause), endometrium, and kidney
is convincing. Greater body fatness is probably a cause of
gallbladder cancer , both directly, and indirectly through the
formation of gallstones. There is also limited evidence sug-
gesting that greater body fatness is a cause of liver cancer.
The evidence that abdominal fatness is a cause of colorectal
cancer is convincing; and abdominal fatness is probably a
cause of cancers of the pancreas, breast (postmenopause),
and endometrium. By contrast, greater body fatness proba-
bly protects against cancer of the breast diagnosed before the
menopause. The Panel notes that there is limited evidence
suggesting that low body fatness (underweight) is a cause
of cancer of the lung, but residual confounding with smok-
ing and lung disease cannot be ruled out. See chapters 7.4
and 7.10, and Chapter 8 for discussion of the role of ener-
gy density in weight gain, overweight, and obesity.
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