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WORLD CANCER RESEARCH FUND NETWORK

Our Vision

We want to live in a world where no one develops a preventable cancer.

Our Mission

We champion the latest and most authoritative scientific research from around the world on
cancer prevention and survival through diet, weight and physical activity, so that we can help
people make informed choices to reduce their cancer risk.

As a network, we influence policy at the highest level and are trusted advisors to governments
and to other official bodies from around the world.

Our Network

World Cancer Research Fund International is a not-for-profit organisation that leads and unifies
a network of cancer charities with a global reach, dedicated to the prevention of cancer through
diet, weight and physical activity.

The World Cancer Research Fund network of charities is based in Europe, the Americas and Asia,
giving us a global voice to inform people about cancer prevention.
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CU Continuous
Update
Project

EXPERT
Analysing research on cancer REPORT
prevention and survival

Our Continuous Update Project (CUP)

The Continuous Update Project (CUP) is the World Cancer Research Fund (WCRF) Network’s
ongoing programme to analyse cancer prevention and survival research related to diet, nutrition
and physical activity from all over the world. Among experts worldwide it is a trusted, authoritative
scientific resource which informs current guidelines and policy on cancer prevention and survival.

Scientific research from around the world is continually added to the CUP’s unique database,
which is held and systematically reviewed by a team at Imperial College London. An independent
panel of experts carries out ongoing evaluations of this evidence, and their findings form the
basis of the WCRF Network’s Cancer Prevention Recommendations (see inside back cover).

Through this process, the CUP ensures that everyone, including policymakers, health professionals
and members of the public, has access to the most up-to-date information on how to reduce the
risk of developing cancer.

The launch of the World Cancer Research Fund Network’s Third Expert Report, Diet, Nutrition,
Physical Activity and Cancer: a Global Perspective, in 2018 brings together the very latest
research from the CUP’s review of the accumulated evidence on cancer prevention and survival
related to diet, nutrition and physical activity. Height and birthweight and the risk of cancer is
one of many parts that make up the CUP Third Expert Report: for a full list of contents, see
dietandcancerreport.org

The CUP is led and managed by World Cancer Research Fund International in partnership with
the American Institute for Cancer Research, on behalf of World Cancer Research Fund UK,
Wereld Kanker Onderzoek Fonds and World Cancer Research Fund HK.

How to cite the Third Expert Report

This part: World Cancer Research Fund/American Institute for Cancer Research. Continuous
Update Project Expert Report 2018. Height and birthweight and the risk of cancer. Available at
dietandcancerreport.org

The whole report: World Cancer Research Fund/American Institute for Cancer Research. Diet,
Nutrition, Physical Activity and Cancer: a Global Perspective. Continuous Update Project Expert
Report 2018. Available at dietandcancerreport.org

Key
See Glossary for definitions of terms highlighted in italics.

References to other parts of the Third Expert Report are highlighted in purple.
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Executive summary

Background and context

In this part of the Third Expert Report from our
Continuous Update Project (CUP) — the world’s
largest source of scientific research on cancer
prevention and survivorship through diet,
nutrition and physical activity — we analyse
global research on how height and birthweight
affect the risk of developing cancer.! This
includes new studies as well as those included
in the 2007 Second Expert Report, Food,
Nutrition, Physical Activity and the Prevention
of Cancer: a Global Perspective [1].

A baby’s size and shape at birth depends
on how well they grow in the womb. Within
the usual range, heavier (and longer) babies
tend to become taller children and adults.

Adult attained height is linked to genetics,
birthweight, rate of growth and age of
puberty, as well as environmental factors
that include nutrition. Periods of peak growth
(such as in infancy and adolescence) are
especially important in determining height,
because growth is particularly sensitive to
nutritional supply during these times. Growth
is also especially dependent on the action

of growth hormones and growth factors.

A baby’s birthweight and an adult’s height
therefore both reflect a complex interplay of
genetic, nutritional and other environmental
factors that affect growth within the womb
and during childhood and adolescence.
Birthweight and height are markers of these
factors. Neither birthweight nor height is
likely to affect the risk of cancer directly.

1 Cancers at the following sites are reviewed in the CUP: mouth, pharynx
and larynx; nasopharynx; oesophagus; lung; stomach; pancreas;
gallbladder; liver; colorectum; breast; ovary; endometrium; cervix;
prostate; kidney; bladder; and skin.

How the research was conducted

The global scientific research on diet, nutrition,
physical activity and the risk of cancer was
systematically gathered and analysed and then
independently assessed by a panel of leading
international scientists to draw conclusions
about which factors increase or decrease the
risk of developing the disease (see Judging
the evidence).

This Third Expert Report presents in detail
findings where the Panel considered the
evidence strong enough to make Cancer
Prevention Recommendations (where
appropriate) and highlights areas where more
research is required (where the evidence

is suggestive of a causal or protective
relationship but is limited in terms of amount
or by methodological flaws). Evidence that was
considered by the Panel, but was too limited to
draw firm conclusions, is not covered in detail
in this Third Expert Report.

Findings
There is strong evidence that:

o developmental factors leading to
greater growth in length in childhood
(marked by adult attained height)
increase the risk of cancers of the
following types: pancreas, colorectum,
breast (pre and postmenopause), ovary,
endometrium, prostate, kidney and skin
(malignant melanoma).

e factors that lead to a greater
birthweight, or its consequences,
increase the risk of premenopausal
breast cancer.
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The evidence shows that, in general, the
taller people are during adulthood and
the more people weighed at birth, the
higher their risk of some cancers.

The Panel uses such strong evidence, where
possible, when making Recommendations
(see below) designed to reduce the risk of
developing cancer. Although adult attained
height and birthweight are public health
issues, as adults, people cannot modify
these factors. It is therefore inappropriate
to make a global recommendation on height
and birthweight (see Recommendations

and public health and policy implications,
Section 3: Issues of public health significance
— Height and birthweight). A better
understanding of the developmental factors
that underpin the associations between
greater growth and cancer risk is needed.

There is also other evidence on developmental
factors leading to greater growth in length

in childhood (marked by adult attained

height) that is limited (either in amount or by
methodological flaws) but is suggestive of

an increased risk of skin cancer (basal cell
carcinoma). In addition, there is evidence on
factors that lead to a greater birthweight,

or its consequences, that is limited but is
suggestive of an increased risk of skin cancer
(malignant melanoma). Further research is
required, and the Panel has not used this
evidence to make recommendations.

e Height and birthweight and the risk of cancer 2018

Recommendations

Our Cancer Prevention Recommendations
— for preventing cancer in general — include
maintaining a healthy weight, being
physically active and eating a healthy diet.
As birthweight and adult attained height
are public health issues and people cannot
necessarily influence these themselves,
there are no global recommendations for
these factors. The Recommendations

are listed on the inside back cover.
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1. Height and birthweight and the risk of cancer:

a summary matrix

HEIGHT AND BIRTHWEIGHT AND THE RISK OF CANCER

WCRF/AICR
GRADING

i Exposure

STRONG

EVIDENCE

Probable

LIMITED
EVIDENCE

Limited -
suggestive

Substantial
effect on
risk unlikely

STRONG

EVIDENCE

DECREASES RISK

i Cancer site i Exposure

INCREASES RISK

i Cancer site

Adult attained
height:2

Colorectum 2017

Breast (premenopause) 2017
Breast (postmenopause) 2017
Ovary 2014

Adult attained
height2

Pancreas 2012

Endometrium 2013

Prostate 2014

Kidney 2015

Skin (malignant melanoma) 2017

Birthweight?3 Breast (premenopause) 2017

Adult attained

height'? Skin (basal cell carcinoma) 2017

Birthweight?3 Skin (malignant melanoma) 2017

None identified

1 Adult attained height is unlikely to directly influence the risk of cancer. It is a marker for genetic,
environmental, hormonal and nutritional factors affecting growth during the period from preconception to
completion of growth in length.

2 The evidence shows that, in general, the taller people are during adulthood and the more people weighed
at birth, the higher their risk of some cancers. A better understanding of the developmental factors that
underpin the associations between greater growth and cancer risk is needed.

3 Birthweight is a marker for prenatal growth, reflecting a combination of factors including fetal nutrition, and
is also a predictor of later growth and maturation — for example, age at menarche — which are themselves

determinants of breast cancer risk.

Throughout this Third Expert Report, the year
given for each cancer site is the year the CUP
cancer report was published, apart from for
nasopharynx, cervix and skin, where the year
given is the year the systematic literature
review was last reviewed. Updated CUP cancer
reports for nasopharynx and skin will be
published in the future.

Definitions of World Cancer Research Fund
(WCRF)/American Institute for Cancer
Research (AICR) grading criteria

‘Strong evidence’: Evidence is strong
enough to support a judgement of a

convincing or probable causal (or protective)
relationship and generally justify making
public health recommendations.

‘Convincing’: Evidence is strong enough to
support a judgement of a convincing causal (or
protective) relationship, which justifies making
recommendations designed to reduce the risk
of cancer. The evidence is robust enough to
be unlikely to be modified in the foreseeable
future as new evidence accumulates.
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‘Probable’: Evidence is strong enough to
support a judgement of a probable causal

(or protective) relationship, which generally
justifies goals and recommendations designed
to reduce the risk of cancer.

‘Limited evidence’: Evidence is inadequate
to support a probable or convincing

causal (or protective) relationship. The
evidence may be limited in amount or by
methodological flaws, or there may be

too much inconsistency in the direction of
effect (or a combination), to justify making
specific public health recommendations.

‘Limited - suggestive’: Evidence is
inadequate to permit a judgement of a
probable or convincing causal (or protective)
relationship, but is suggestive of a direction
of effect. The evidence may be limited in
amount, or by methodological flaws, but
shows a generally consistent direction

of effect. This judgement generally does

not justify making recommendations.

e Height and birthweight and the risk of cancer 2018

‘Limited — no conclusion’: There is enough
evidence to warrant Panel consideration, but it
is so limited that no conclusion can be made.
The evidence may be limited in amount, by
inconsistency in the direction of effect, by
methodological flaws, or any combination of
these. Evidence that was judged to be ‘limited
— no conclusion’ is mentioned in Evidence and
judgements (Section 5).

‘Substantial effect on risk unlikely’: Evidence
is strong enough to support a judgement that
a particular lifestyle factor relating to diet,
nutrition, body fatness or physical activity

is unlikely to have a substantial causal (or
protective) relation to a cancer outcome.

For further information and to see the full
grading criteria agreed by the Panel to support
the judgements shown in the matrices, please
see Appendix 1.

The next section describes which evidence the
Panel used when making Recommendations.



2. Summary of
Panel judgements

The conclusions drawn by the CUP Panel

are based on the evidence from both
epidemiological and mechanistic studies
relating height and birthweight to the risk of
development of particular cancer types. Each
conclusion on the likely causal relationship
between height and birthweight and a cancer
forms a part of the overall body of evidence
that is considered during the process of
making Cancer Prevention Recommendations.
Although birthweight and adult attained
height are linked to cancer risk, in adulthood
there is no way to modify these factors.

Any single conclusion does not represent a
recommendation in its own right. The Cancer
Prevention Recommendations are based on

a synthesis of all these separate conclusions,
as well as other relevant evidence, and can be
found at the end of this Third Expert Report.

The CUP Panel concluded:

STRONG EVIDENCE

Convincing
® Increased risk

o Adult attained height:*?
Developmental factors leading to
greater growth in length in childhood
(marked by adult attained height)
are a convincing cause of cancers
of the colorectum, breast (pre and
postmenopause) and ovary.

See page 10 for footnotes.

Probable
® Increased risk
o Adult attained height:*2 Developmental

factors leading to greater growth
in length in childhood (marked by
adult attained height) are probably
a cause of cancers of the pancreas,
endometrium, prostate, kidney and
skin (malignant melanoma).

o Birthweight:?® The factors that
lead to a greater birthweight, or its
consequences, are probably a cause
of premenopausal breast cancer.

The evidence shows that, in general, the taller
people are during adulthood, and the more
people weighed at birth, the higher their risk
of some cancers.

The Panel uses such strong evidence, where
possible, when making Recommendations
(see Recommendations and public

health and policy implications, Section 2:
Recommendations for Cancer Prevention)
designed to reduce the risk of developing
cancer. Although adult attained height and
birthweight are public health issues, as
adults, people cannot modify these factors.

It is therefore inappropriate to make a global
recommendation on height and birthweight
(see Recommendations and public health and
policy implications, Section 3: Issues of public
health significance — Height and birthweight).

The Panel considers height and birthweight

to be markers of genetic, environmental,
hormonal and nutritional factors that affect
growth during the period from preconception
to completion of growth in length and that
these factors affect the risk of cancer. A better
understanding of the developmental factors
that underpin the associations between
greater growth and cancer risk is needed.
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The association between height and
birthweight and cancer is different from the

association between these factors and some

other non-communicable diseases, such

as cardiovascular disease. Thus, a greater
birthweight and being taller in adulthood
predict a decreased risk of cardiovascular
disease [2] in contrast to the increased risk
of several cancers based on the evidence
presented in this part of the Third Expert
Report. To date, growth standards have not
taken into account the lifelong risk of non-
communicable diseases, including cancer,
as policies and programmes have focused
on the need to provide adequate nutrition
to prevent retarded growth [3]. This remains
an issue for some parts of the world.
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LIMITED EVIDENCE

Limited — suggestive
® Increased risk
o Adult attained height:*?> The evidence

suggesting that developmental
factors leading to greater growth
in length in childhood (marked by
adult attained height) increase
the risk of skin cancer (basal
cell carcinoma) is limited.

o Birthweight:?® The evidence
suggesting that the factors that
lead to a greater birthweight, or
its consequences, increase the
risk of skin cancer (malignant
melanoma) is limited.

The Panel did not use the limited evidence
when making Recommendations designed to
reduce the risk of developing cancer. Further
research is required into these possible
effects on the risk of cancer.

See Definitions of WCRF/AICR grading criteria
(Section 1: Height and birthweight and the risk
of cancer: a summary matrix) for explanations
of what the Panel means by ‘strong evidence’,
‘convincing’, ‘probable’, ‘limited evidence’ and
‘limited — suggestive'.

1 Adult attained height is unlikely to directly influence the risk of cancer. It
is a marker for genetic, environmental, hormonal and nutritional factors
affecting growth during the period from preconception to completion of
growth in length.

2 The evidence shows that, in general, the taller people are during

adulthood, and the more people weighed at birth, the higher their risk of

some cancers. A better understanding of the developmental factors that
underpin the associations between greater growth and cancer risk is
needed.

Birthweight is a marker for prenatal growth, reflecting a combination of

factors including fetal nutrition, and is also a predictor of later growth

and maturation — for example, age at menarche — which are themselves
determinants of breast cancer risk.

w



3. Definitions and patterns

3.1 Adult attained height

Adult attained height is linked to genetics,
birthweight, rate of growth and age of puberty,
as well as environmental factors, all of

which affect growth during the period from
preconception to completion of linear growth
(see Box 1 and Box 2).

The influence of environmental versus genetic
factors can be seen when genetic factors are
controlled for; for example, when looking at
variations in height between generations of
the same family, in studies of children who are
adopted, or in children who migrate from an
area where their nutrition is poor or limited to
an area of high or even over-nutrition [4].

Adult attained height increases as populations
become less vulnerable to undernutrition

and infection and as food supplies become
more secure; it continues to increase when
food is abundant [5]. Increases in height have
plateaued in Northern and Eastern Europe and
in the USA, but are still increasing in Southern
Europe and Latin America [5].

Increases in adult attained height between
generations are generally due to increased leg,
rather than spine, length. Leg length is linked
to pre-pubertal growth, particularly before the
age of 5; after this, trunk growth becomes
more prominent [6, 7]. Periods of peak growth
(such as in infancy and adolescence) are
especially important in determining height,
because growth is particularly sensitive to
nutritional supply during these times.

Together, growth hormones, insulin-like growth
factors (IGFs) and sex hormones are the
dominant signalling molecules that influence
growth, sexual maturation, height, fat storage
and many other processes relevant to cancer
at different stages of development. Blood

concentrations of the binding proteins of these
molecules are important in determining their
biological activity (see The cancer process).

3.1.1 Height and other diseases

In this Third Expert Report we analyse global
research on how height affects the risk

of developing cancer. There is a complex
relationship between height and non-
communicable diseases. Greater height in
adulthood predicts a higher risk of cancer, as
discussed in this Third Expert Report; however,
it also predicts a lower risk of dying from
cardiovascular diseases, stroke, heart failure
and diabetes [10]. Although adult attained
height is related to disease risk it is unlikely to
modulate these diseases directly. For further
details on the proposed mechanisms by which
adult attained height may be associated with
the risk of cancer, see Appendix 2.

3.2 Birthweight

A baby’s size and shape at birth are an
indication of the extent and quality of intra-
uterine growth and development (see Box 1 and
Box 2). Birthweight can be measured simply
and reliably, whereas head circumference,
which marks growth of the brain, and head-
to-foot length, which marks linear growth, are
more difficult to measure reliably. Within the
usual range, heavier (and longer) babies tend

to become taller children and adults.
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Box 1: Surrogate markers

When considering evidence on cancer risk and either adult attained height or birthweight, it is important
to be aware that both of these measures are imperfect markers of internal physiological processes

that are the actual determinants of cancer development (see The cancer process) [8]. The precise links
between these processes and cancer are yet to be characterised. For further details on the proposed
mechanisms by which adult attained height may be associated with the risk of cancer, see Appendix 2.

Box 2: Growth

Growth increases metabolic capacity and the ability to cope with environmental challenges.

From a single cell at conception, human growth progresses through embryogenesis and fetal
development. Cells multiply and differentiate in both structure and function. The timing and order
of these processes are determined by the selective expression of genes, which is both innate and
modifiable by the wider environment, including the availability of oxygen, energy and nutrients.
Nutrients also act by regulating the expression, release and activity of hormones, growth factors,
binding proteins and receptors. Well before the time of birth, the body’s tissues and organs are
highly organised and regulated.

For every tissue or organ, adverse environmental influences, such as limited energy or nutrients,
during critical periods of development can restrict development and future capacity for function. The
timing, severity and duration of any adverse exposure will determine the extent and pattern of any
restriction in capacity. For instance, restriction of early growth, reflected in relatively low birthweight,
is linked to a greater tendency to store fat in later life, in particular abdominally.

Growth can be divided into three phases: fetal-infant, childhood and puberty [9]. During the first
period, growth is most sensitive to the availability of energy and nutrients. Brain growth is protected
more effectively than growth in stature, which is protected more effectively than weight. The

timing of an adverse influence on growth tends to be reflected in a person’s body shape, both as

a child and as an adult. For instance, for lean tissue to be deposited efficiently and effectively, the
appropriate pattern of nutrients must be available at the relevant times.

Birthweight can predict the risk of death and and type 2 diabetes during adult life, such that

of various diseases in infancy and later in life. lower weight predicts higher risk [11].

Very low birthweight — less than 2.5 kilograms

(5.5 pounds) for boys and 2.4 kilograms Very high birthweight may also be associated

(5.3 pounds) for girls — increases the risk with increased risk of certain diseases — for

of perinatal death and disease, or death in instance, maternal diabetes or poor glucose

infancy and young childhood, usually because homeostasis can cause higher birthweight

of increased vulnerability to infection. as well as increased risk of diabetes in the
infant [12]. These findings have been shown

It is well established, at least in high-income to be independent of smoking tobacco or

countries, that there is a graded relationship, socioeconomic status, although they may

throughout the normal range, between size be accentuated in the presence of these

at birth, and at one year of age, and risk of additional factors [13].

chronic disease such as cardiovascular disease
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4. Interpretation of the
evidence

4.1 General

For general considerations that may affect
interpretation of the evidence in the CUP, see
Judging the evidence.

‘Relative risk’ (RR) is used in this Third Expert
Report to denote ratio measures of effect,
including ‘risk ratios’, ‘rate ratios’, ‘hazard
ratios’ and ‘odds ratios’.

4.2 Specific

Specific factors that the Panel bears in mind
when interpreting evidence on whether height
and birthweight increase or decrease the risk
of developing cancer are described in the
following subsections. Factors that are relevant
to specific cancers are presented here too.

4.2.1 Exposures

4.2.1.1 Adult attained height

Definitions. The CUP interpreted height
reported in studies as adult attained

height. Adult attained height is unlikely

to directly influence the risk of cancer. It

is a marker for genetic, environmental,
hormonal and nutritional factors affecting
growth during the period from preconception
to completion of linear growth.

Confounding. The association between
adiposity, growth and maturational events is
complex. Single anthropometric measures do
not capture maturational events, including the
presence of critical windows of susceptibility
for cancer risk (for example, age of menarche).

Measurement. Epidemiologic studies often
rely on self-reported height. People from some
cultures or geographic areas may report that

they are taller than they actually are,

and others may not know their height [8].
However, studies have shown a strong
correlation (> 0.9) between self-reported and
measured height [8]. Furthermore, the impact
of such systematic measurement error on
relative risk estimates in epidemiologic studies
is generally small [8].

Other measures of skeletal size may be used
in some studies, including leg length, sitting
height, or a ratio of these two; however, only
measures of height were available for CUP
analyses.

4.2.1.2 Birthweight

Definition. A baby’s size and shape at birth
are an indication of the extent and quality of
intra-uterine growth and development.

Measurement. Birthweight is usually self-
reported by people who took part in the studies.
Weight at birth is usually recalled accurately by
parents. Fair-to-moderate agreement in adults
between their reported and actual birthweights
has been reported [14, 15].

4.2.2 Cancers

The information provided here on ‘Other
established causes’ of cancer is based
on judgements made by the International
Agency for Research on Cancer (IARC)
[16], unless a different reference is
given. For more information on findings
from the CUP on diet, nutrition, physical
activity and the risk of cancer, see other
parts of this Third Expert Report.

4.2.2.1 Pancreas

Definitions. The pancreas is an elongated
gland located behind the stomach. It contains
two types of tissue, exocrine and endocrine.
The exocrine pancreas produces digestive
enzymes that are secreted into the small
intestine. Cells in the endocrine pancreas
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produce hormones including insulin and
glucagon, which influence glucose metabolism.

Classification. Over 95 per cent of pancreatic
cancers are adenocarcinomas of the exocrine
pancreas, the type included in the CUP.

Other established causes. Other established
causes of pancreatic cancer include the
following;:

i Smoking tobacco, chewing tobacco
and snuff

Smoking tobacco (or use of smokeless tobacco,
sometimes called ‘chewing tobacco’ or ‘snuff’)
is an established cause of pancreatic cancer,
and approximately 22 per cent of deaths from
pancreatic cancer are attributable to smoking
tobacco [17].

'ﬁ.’i‘ Family history

More than 90 per cent of pancreatic cancer
cases are sporadic (due to spontaneous rather
than inherited mutations), although a family
history increases risk, particularly where more
than one family member is involved [18].

Confounding. Smoking tobacco is a
possible confounder.

For more detailed information on adjustments
made in CUP analyses on adult attained
height, see Evidence and judgements
(Section 5.1.5).

Measurement. Owing to very low survival
rates, both incidence and mortality can
be assessed.

4.2.2.2 Colon and rectum

Definition. The colon (large intestine) is the
lower part of the intestinal tract, which extends
from the caecum (an intraperitoneal pouch)

to the rectum (the final portion of the large
intestine which connects to the anus).

@ Height and birthweight and the risk of cancer 2018

Classification. Approximately 95 per cent of
colorectal cancers are adenocarcinomas. Other
types of colorectal cancers include mucinous
carcinomas and adenosquamous carcinomas.
Carcinogens can interact directly with the cells
that line the colon and rectum.

Other established causes. Other established
causes of colorectal cancer include the
following:

‘ﬁ;ﬁ Other diseases

Inflammatory bowel disease (Crohn’s disease
and ulcerative colitis) increases the risk of,
and so may be seen as a cause of, colon
cancer [19].

— Smoking tobacco

There is an increased risk of colorectal
cancer in people who smoke tobacco. It has
been estimated that 12 per cent of cases of
colorectal cancer are attributable to smoking
cigarettes [20].

'h’l‘ Family history

Based on twin studies, up to 45 per cent of
colorectal cancer cases may involve a heritable
component [21]. Between 5 and 10 per cent
of colorectal cancers are consequences of
recognised hereditary conditions [22]. The two
major ones are familial adenomatous polyposis
(FAP) and hereditary non-polyposis colorectal
cancer (HNPCC, also known as Lynch
syndrome). A further 20 per cent of cases
occur in people who have a family history of
colorectal cancer.

Confounding. Smoking tobacco is a possible
confounder. In postmenopausal women,
menopausal hormone therapy (MHT) use
decreases the risk of colorectal cancer and
is a potential confounder.

For more detailed information on adjustments
made in CUP analyses on adult attained
height, see Evidence and judgements
(Section 5.1.1).



4.2.2.3 Breast

Definition. Breast tissue comprises mainly

fat, glandular tissue (arranged in lobes), ducts
and connective tissue. Breast tissue develops
in response to hormones such as oestrogens,
progesterone, insulin and growth factors.

The main periods of development are during
puberty, pregnancy and lactation. The glandular
tissue atrophies after menopause.

Classification. Breast cancers are almost all
carcinomas of the epithelial cells lining the
breast ducts (the channels in the breast that
carry milk to the nipple). Fifteen per cent of
breast cancers are lobular carcinoma (from
lobes); most of the rest are ductal carcinoma.
Although breast cancer can occur in men, it is
rare (less than 1 per cent of cases) and thus
is not included in the CUP.

Breast cancers are classified by their receptor
type; that is, to what extent the cancer

cells have receptors for the sex hormones
oestrogen and progesterone, and the growth
factor human epidermal growth factor

(hEGF), which can affect the growth of the
breast cancer cells. Breast cancer cells that
have oestrogen receptors are referred to as
oestrogen-receptor-positive (ER-positive or
ER+), while those containing progesterone
receptors are called progesterone-receptor-
positive (PR-positive or PR+) cancers, and
those with receptors for hEGF are HER2-
receptor-positive (HER2-positive or HER2+).
Hormone-receptor-positive cancers are the
most common subtypes of breast cancer

but vary by population (60 to 90 per cent of
cases). They have a relatively better prognosis
than hormone-receptor-negative cancers, which
are likely to be of higher pathological grade
and can be more difficult to treat.

Most data come from high-income countries.
Breast cancer is hormone related, and
factors that modify risk may have different
effects on cancers diagnosed in the pre and
postmenopausal periods.

Due to the importance of menopausal status
as an effect modifier, studies should stratify
for menopause status, but many do not. Breast
cancer is now recognised as a heterogeneous
disease, with several subtypes according to
hormone receptor status or molecular intrinsic
markers. Although there is growing evidence
that these subtypes have different causes,
most studies have limited statistical power

to evaluate effects by subtype.

There is growing evidence that the impact

of obesity and dietary exposures on the risk
of breast cancer may differ according to these
particular molecular subtypes of cancer,

but currently there is no information on how
nutritional factors might interact with these
characteristics.

Other established causes. Other established
causes of breast cancer include the following:

Life events

Early menarche (before the age of 12),

late natural menopause (after the age of 55),
not bearing children and first pregnancy over
the age of 30 all increase lifetime exposure
to oestrogen and progesterone and the risk
of breast cancer [23-25]. The reverse also
applies: late menarche, early menopause,
bearing children and pregnancy before the
age of 30 all reduce the risk of breast cancer
[23, 24].

Because nutritional factors such as obesity
can influence these life course processes,
their impact on breast cancer risk may
depend on the maturational stage at which
the exposure occurs. For instance, obesity
before menopause is associated with reduced
breast cancer risk, probably due to reduced
ovarian progesterone production, while in
post-menopausal women, in whom ovarian
oestrogen production is low, obesity increases
breast cancer risk by increasing production

of oestradiol through the action of aromatase
in adipose tissue.
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Radiation

Exposure to ionising radiation from medical

treatment such as X-rays, particularly during
puberty, increases the risk of breast cancer
[26, 27].

@@ Medication

MHT (containing oestrogen or progesterone)
increases the risk of breast cancer [28]. Oral
contraceptives containing both oestrogen and
progesterone also cause a small increased
risk of breast cancer in young women, among
current and recent users only [29].

‘h’ﬂ‘ Family history

Some inherited mutations, particularly in
BRCA1, BRCA2 and p53, result in a very
high risk of breast cancer. However, germline
mutations in these genes are infrequent and
account for only 2 to 5 per cent of all cases
of breast cancer [30].

Confounding. Use of MHT is an important
possible confounder or effect modifier in
postmenopausal breast cancer. High-quality
studies adjust for age, number of reproductive
cycles, age at which children were born and
the use of hormone-based medications.
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For more detailed information on adjustments
made in CUP analyses, see Evidence and
judgements on adult-attained height
(Sections 5.1.2 and 5.1.3 for pre and
postmenopausal breast cancer, respectively)
and greater birthweight (Section 5.2.1 for
premenopausal breast cancer).

4.2.2.4 Ovary

Definition. The ovaries are the sites of ovum
(egg) production in women. They are also the
main source of the hormones oestrogen and
progesterone in premenopausal women.

Classification. Cancers may arise from three
types of ovarian tissue: epithelial cells, which
cover the ovary; stromal cells, which produce
hormones; and germ cells, which become ova
(eggs). About 85 to 90 per cent of ovarian
cancers are epithelial carcinomas [31].
Because ovarian cancer is hormone related,
factors that modify risk might have different
effects at different times of life.

Other established causes. Other established
causes of ovarian cancer include the following:

Life events

The risk of ovarian cancer is affected by the
number of menstrual cycles during a woman’s
lifetime [32—34]. Not bearing children, early
menarche (before the age of 12) and late
natural menopause (after the age of 55) all
increase the risk of ovarian cancer [45-47].
The reverse also applies: bearing children, late
menarche and early menopause all reduce the
risk of ovarian cancer [45-47]. Tubal ligation
(sterilisation) also decreases the risk of
ovarian cancer [35].

@@ Medication

Oral contraceptives protect against ovarian
cancer [36]. Use of menopausal oestrogen
hormone therapy has been shown to
increase risk.



i Smoking tobacco

Smoking tobacco increases the risk of
mucinous ovarian cancer [37]. It is estimated
that 17 per cent of mucinous ovarian cancer
cases are due to smoking tobacco [38].

'ﬁ'ﬂ‘ Family history

Most ovarian cancers occur spontaneously,
although 5 to 10 per cent of cases develop
due to a genetic predisposition [39]. The latter,
involving dysfunctional BRCA1 or BRCA2 genes
produces high-grade carcinomas, with poorer
prognosis [40].

Confounding. Including data on women who
were at high risk of ovarian cancer who have
had oophorectomies may have influenced the
results of some studies.

For more detailed information on adjustments
made in CUP analyses on adult attained
height, see Evidence and judgements
(Section 5.1.4).

Tumour heterogeneity. There is growing
evidence that different histologic subtypes of
ovarian cancer have different aetiologies and
clinical courses. However, most studies lack
the statistical power to evaluate associations
by histologic subtype [41].

4.2.2.5 Endometrium

Definition. The endometrium is the lining of
the uterus (womb). It is subject to a process
of cyclical change during the fertile years of a
woman’s life.

Classification. The majority of cancers that
occur in the body of the uterus are endometrial
cancers, mostly adenocarcinomas [31].
Because endometrial cancer is hormone
related, factors that modify risk might have
different effects at different times of life.

Other established causes. Other
established causes of endometrial cancer
include the following:

Life events

Not bearing children and late natural
menopause (after the age of 55) both increase
the risk of endometrial cancer [42]. The
reverse also applies: bearing children and
early menopause both reduce the risk of
endometrial cancer [36, 43-46].

@@ Medication

Oral contraceptives, which contain either a
combination of oestrogen and progesterone,
or progesterone only, protect against
endometrial cancer [46, 47]. Menopausal
oestrogen hormone therapy unaccompanied
by progesterone is a cause of this cancer.
Menopausal oestrogen-only hormone therapy
is normally prescribed only to women who have
had a hysterectomy [46, 47]. Tamoxifen, a
hormonal therapy used for breast cancer, can
also increase the risk of endometrial cancer.

h‘l‘ Family history

Women with a family history of endometrial
or colorectal cancer have a higher risk of
endometrial cancer [48]. Lifetime risk of
endometrial cancer in women with Lynch
syndrome mutations MLH1 or MSH2 is
approximately 40 per cent, with a median age
of 49. Women with MSH6 mutations have a
similar risk of endometrial cancer but a later
age of diagnosis [49].

Confounding. Including data on women who
were at high risk of endometrial cancer who
have had hysterectomies may have influenced
the results. MHT is an effect modifier; in
women who have never used MHT there is a
stronger association between body mass index
(BMI) and endometrial cancer than in women
who have ever used it [50].
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For more detailed information on adjustments
made in CUP analyses on adult attained height,
see Evidence and judgements (Section 5.1.6).

4.2.2.6 Prostate

Definition. The prostate is a walnut-sized gland
in men that surrounds the top of the urethra
just below the bladder outlet; it produces
seminal fluid. Male hormones, such as
testosterone, control its growth and function.

Classification. Aimost all cases of prostate
cancer are adenocarcinoma, a glandular
malignancy. The clinical course and natural
history of diagnosed prostate cancer vary
considerably. Although prostate cancer

can spread locally and metastasise, and
may be fatal, many men, especially at
older ages, are found to have previously
undetected and presumably asymptomatic
prostate cancers at autopsy.

There are several ways of characterising
prostate cancers according to grade
(aggression) or stage. The term ‘advanced’
prostate cancer is sometimes employed in
epidemiologic studies and is variably defined
as higher grade, later stage, presence of
metastatic disease or death. Further research
is needed to better define the biological
potential of newly diagnosed prostate cancer.

In the CUP, advanced prostate cancer is
defined as cancers reported in any of the
following ways:

e stage 3—4 in the American Joint Committee
on Cancer (AJCC) 1992 classification

e advanced cancer

e advanced or metastatic cancer

e metastatic cancer

e stage C or D on the Whitmore/Jewett scale
e fatal cancer (prostate specific mortality)

e high stage or grade

e Gleason grade > 7
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Other established causes. Other
established causes of prostate cancer include
the following:

’i‘i‘ﬂ‘ Family history and ethnicity
Approximately 9 per cent of all prostate
cancers may result from heritable susceptible
genes [51]. Genetic susceptibility has been
linked to African heritage and familial disease
[52]. In the USA, African American men are

1.6 times more likely to develop prostate
cancer than Caucasian men. A large number of
single-nucleotide polymorphisms that modestly
affect risk have also been identified [53].

Confounding. Screening for prostate cancer is
a potential confounder or effect modifier.

For more detailed information on adjustments
made in CUP analyses on adult attained
height, see Evidence and judgements
(Section 5.1.7).

Prostate-specific antigen (PSA) screening.
Prostate cancer leads to an elevated blood
concentration of PSA. Although it is highly
sensitive for prostate cancer, it is not specific.
Levels may be raised due to non-malignant
disease; for example, benign prostatic
hyperplasia. Furthermore, when only modestly
raised, PSA alone cannot be used to distinguish
between early-stage or indolent tumours (which
may never be of clinical significance) and more
aggressive or later-stage cancers.

Cancers detected at an older age with indolent
features can be monitored by a process called
active surveillance. Consequently, studies of
the natural history of screen-detected cancers,
and of prostate cancers generally in screened
populations, will be dominated by the behaviour
of the more common but less clinically relevant
low-grade or indolent tumours. In some
populations, such as in the USA, PSA screening
is widely used. However, in other populations,
such as in Europe, PSA screening is less
common. The number of cases of prostate



cancer identified by PSA screening is not
consistently reported in studies, and few report
epidemiological results based on the grade or
stage of cancer detected.

4.2.2.7 Kidney

Definition. The kidneys are a pair of organs
located at the back of the abdomen outside the
peritoneal cavity. They filter waste products and
water from the blood, producing urine, which
empties into the bladder through the ureters.

Classification. Different subtypes of kidney
cancer likely have different aetiologies, yet
some epidemiologic studies do not distinguish
the clear cell subtype, the predominant
parenchymal renal cancer, from papillary or
other subtypes. Cancers of the renal pelvis
are typically transitional cell carcinomas, which
probably share aetiologic risk factors such as
smoking tobacco with other transitional cell
carcinomas of the ureter and bladder.

Other established causes. Other established
causes of kidney cancer include the following:

= Smoking tobacco

Smoking tobacco is a cause of kidney cancer.
People who smoke have a 52 per cent
increased risk of kidney cancer, and people
who used to smoke have a 25 per cent
increased risk, compared with those who have
never smoked [54].

es Medication

Painkillers containing phenacetin are known

to cause cancer of the renal pelvis. Phenacetin
is no longer used as an ingredient in
painkillers [55].

@‘@ Kidney disease
Polycystic kidney disease predisposes people
to developing kidney cancer [56].

J\,! Hypertension

High blood pressure is associated with a
higher risk of kidney cancer [57].

ﬁ'ﬂ‘ Family history

Inherited genetic predisposition accounts for
only a minority of kidney cancers [58]. Von
hippel-Lindau syndrome is the most common,
with up to 40 per cent of those inheriting the
mutated gene developing kidney cancer [59].

Confounding. Smoking tobacco is a
possible confounder.

For more detailed information on adjustments
made in CUP analyses on adult attained
height, see Evidence and judgements
(Section 5.1.8).

4.2.2.8 Skin

Definition. The skin is the outer covering of
the body and is one of the largest organs in
terms of surface area and weight. Its primary
function is to act as a barrier between the
body and the environment.

Classification. There are two main types of
skin cancer: melanoma and non-melanoma.
The most common non-melanoma tumours
are basal cell carcinoma and squamous cell
carcinoma, which together account for

90 per cent of skin cancers. Melanoma
accounts for 4 per cent of skin cancers?.

Other established causes. Other established
causes of skin cancer include the following:

Radiation

Over-exposure to ultraviolet radiation (mainly
from sunlight, but also from ultraviolet-emitting
tanning devices) is the chief cause of melanoma
and non-melanoma skin cancers [60, 61].

1 Kufe D, Pollock R, Weichselbaum R, et al. Holland Frei Cancer Medicine.
6 ed. Hamilton, Ontario: BC Decker, 2003.
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€§ Medication

Immune suppression following organ
transplantation is associated with an
increased risk of skin cancers, especially
squamous cell carcinoma [62].

Infection and infestation

Human papillomavirus can cause squamous cell
carcinomas of the skin, especially in immune-
compromised people [62]. Patients with AIDS,
who are immunocompromised, are also at
increased risk of squamous cell carcinoma,
but development of Kaposi’s sarcoma, which is
otherwise rare, is a characteristic complication.

Q‘?o Occupational exposure

Exposure to polychlorinated biphenyls
(chemicals used in the plastic and chemical
industries) has also been strongly associated
with an elevated risk for this cancer.

‘ﬁ.’i‘ Genetics and family history

There are some rare, high-penetrance genetic
mutations known to cause melanoma, such
as mutations in the CDKN2A gene, but these
do not make a large contribution to the

total number of melanoma cases 1. People
who have a family history of melanoma are
predisposed to this cancer [63] ?3.

Q‘?" Skin pigmentation

There is an inverse relationship between risk
of skin cancer and skin pigmentation, with
highest risks observed in populations with
the fairest skin. This is likely due to lower
production of the protective skin pigment
melanin [60].

Confounding. Sun exposure is an
important confounder.

For more detailed information on adjustments
made in CUP analyses on adult attained
height, see Evidence and judgements
(Section 5.1.9 for malignant melanoma).
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5. Evidence and judgements

For information on study types, methods
of assessment of exposures and methods
of analysis used in the CUP, see Judging
the evidence.

Full systematic literature reviews (SLRs) for
each cancer are available online. For most
cancer sites considered in the CUP?, there

is also a CUP cancer report. CUP cancer
reports summarise findings from the SLRs,
again focusing on a specific cancer site. The
following section also presents findings from
the SLRs, but from a different perspective:

it brings together all of the key findings on
height and birthweight and the risk of cancer.

Note that, throughout this section, if Egger’s
test, non-linear analysis or stratified analyses
are not mentioned for a particular exposure and
cancer, it can be assumed that no such analyses
were conducted. This is often because there were
too few studies with the required information.

5.1 Adult attained height

Table 5.1 summarises the main findings from
the CUP dose-response meta-analyses of
cohort studies on height and the risk of cancer.

Evidence for cancers of the following types
was discussed in the CUP but was too limited
to draw a conclusion®: mouth, pharynx and
larynx (2018), oesophagus (adenocarcinoma
and squamous cell carcinoma, 2016), lung
(2017), stomach (2016), gallbladder (2015),
cervix (2017) and bladder (2015).

1 Berwick M et al. Cancer Epidemiol Biomarkers Prev 2006; 15: 1520-5

2 Ward SV et al. Cancer Epidemiol 2015; 39: 346-5

3 Chen T et al. Eur J Cancer 2014; 50: 2659-67

4 Cancers at the following sites are reviewed in the CUP: mouth, pharynx
and larynx; nasopharynx; oesophagus; lung; stomach; pancreas;
gallbladder; liver; colorectum; breast; ovary; endometrium; cervix;
prostate; kidney; bladder; and skin. CUP cancer reports are not currently
available for nasopharynx, cervix and skin.

5 ‘Limited - no conclusion’: There is enough evidence to warrant Panel
consideration, but it is so limited that no conclusion can be made.
The evidence may be limited in amount, by inconsistency in the direction
of effect, by methodological flaws, or any combination of these.


http://wcrf.org/judging-evidence
http://wcrf.org/judging-evidence
https://www.wcrf.org/dietandcancer/resources-and-toolkit
https://www.wcrf.org/dietandcancer/cancers

Table 5.1: Summary of CUP dose-response meta-analyses of height!? and the
risk of cancer

Total No. of Date
no. of studies in | No. of Risk estimate of CUP
" meta- (95% ClI) cancer
studies . 4
analysis report
1.05 Convincing:
Colorectum 20 13 65,880 ’ 5cm 90 Increases 2017
(1.02-1.07) risk
Convincing:
HEEEIC | o 26 6479 106 5 cm 46 Increases = 2017
menopause) (1.02-1.11) risk
Convincing:
Rl o T a3 24,975 109 5 cm 33 |Increases 2017
menopause) (1.07-1.11) risk
1.08 Convincing:
Ovary 18 14 17,312 (1.05-1.10) 5cm &5 Irlcreases 2014
risk
1.07 Probable:
Pancreas 14 10 6,147 (1.03-1.12) 5cm 57 I|.1creases 2012
risk
1.07 Probable:
Endometrium 13 10 17,732 ’ 5cm 69 Increases 2013
(1.03-1.11) .
risk
1.04 Probable:
Prostate 42 34 79,387 ’ 5cm 21 Increases 2014
(1.03-1.05) .
risk
1.10 Probable:
Kidney 11 10 9,874 (1.08-1.12) 5cm 0 Ipcreases 2015
risk
Skin 112 Probable:
(malignant 18 15 13,020 ’ 5cm 64 Increases 2017
(1.09-1.16) .
melanoma) risk
. Statistically Limited -
SLdlr significant suggestive:
(basal cell 2 0 - sig = - geestive: 5047
- 5 increased risk Increases
carcinoma) . ) .
in 2 studies risk

1 Adult attained height is unlikely to directly influence the risk of cancer. It is a marker for genetic,
environmental, hormonal and nutritional factors affecting growth during the period from preconception to
completion of growth in length.

2 The evidence shows that, in general, the taller people are during adulthood, and the more people weighed
at birth, the higher their risk of some cancers. A better understanding of the developmental factors that
underpin the associations between greater growth and cancer risk is needed.

3 See Definitions of WCRF/AICR grading criteria (Section 1: Height and birthweight and the risk of cancer:
a summary matrix) for explanations of what the Panel means by ‘convincing’, ‘probable’ and ‘limited —
suggestive’.

4 Throughout this Third Expert Report, the year given for each cancer site is the year the CUP cancer report
was published, apart from for nasopharynx, cervix and skin, where the year given is the year the SLR was
last reviewed. Updated CUP cancer reports for nasopharynx and skin will be published in the future.

5 A dose-response meta-analysis of cohort studies could not be conducted in the CUP for height and the
risk of basal cell carcinoma. A statistically significant increased risk was observed in two highest versus
lowest analyses; one study reported a significant increased risk in men and women combined (RR 1.28
[95% Cl 1.01-1.62]), but not for men and women analysed separately [64], and the other study reported a
significant increased risk in women (RR 1.64 [95% CI 1.40-1.93]), but not in men [65].
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The strong evidence on the effects of adult
attained height on the risk of cancer is
described in the following subsections. This
strong evidence includes analyses performed
in the CUP and/or other published analyses,
and information on mechanisms that could
plausibly influence the risk of cancer.

For more information on the evidence for adult
attained height and the risk of cancer that was
graded by the Panel as ‘limited — suggestive’
and suggests a direction of effect, see the
CUP document listed:

e CUP skin cancer SLR 2017: Section 8.3.1

Also, for information on mechanisms that
could plausibly influence the risk of cancer,
see Appendix 2.

Please note that the information on mechanisms
included in the following subsections and in the
appendix supersedes that in CUP cancer reports
published before this Third Expert Report.

5.1.1 Colorectum

(Also see CUP colorectal cancer report 2017:
Section 7.15 and CUP colorectal cancer SLR
2016: Sections 8.3.1)

5.1.1.1 CUP dose-response meta-analyses

Thirteen of 20 identified studies were included
in the dose-response meta-analysis, which
showed a statistically significant 5 per cent
increased risk of colorectal cancer per 5
centimetres increase in height (RR 1.05 [95% CI
1.02-1.07]; n = 65,880 cases) (see Figure 5.1).

Figure 5.1: CUP dose-response meta-analysis® for the risk of colorectal cancer,

per 5 centimetres increase in height

Per 5 cm

Author Year Sex RR (95% CI) % Weight
Boursi 2014 M/W - 1.06 (1.04, 1.08) 14.79
Kabat 2013a W :rI- 1.09 (1.05, 1.13) 11.75
Kabat 2013b W + 1.06 (1.00, 1.11) 9.25
Walter 2013 M/W ——Q—H 1.12 (0.94, 1.32) 1.83
Hughes 2011 M/W 1.03 (0.97, 1.08) 9.05
Oxentenko 2010 W 1.; 1.01 (1.00, 1.01) 15.93
Bowers 2006 M —-— 1.01 (0.92, 1.11) 4.76
Engeland 2005 M/W t 1.05 (1.04, 1.06) 15.62
Otani 2005 M/W —1=— 1.03 (0.95, 1.10) 6.56
Gunnell 2003 M %E— 0.97 (0.73, 1.28) 0.74
Hebert 1997 M --:+— 1.05 (0.97, 1.15) 5.44
Kato 1997 W —'E— 1.01 (0.84, 1.20) 1.68
Albanes 1988 M/W — 1.18 (1.03, 1.36) 2.59
Overall (I-squared = 89.7%, p = 0.000) <i> 1.05 (1.02, 1.07) 100.00
NOTE: Weights are from random effects analysis E

| |

.75 1

1.3

Source: Boursi, 2014 [67]; Kabat, 2013a [68]; Kabat, 2013b [69]; Walter, 2013 [70]; Hughes, 2011 [71]; Oxentenko, 2010 [72]; Bowers, 2006 [73];
Engeland, 2005 [74]; Otani, 2005 [75]; Gunnell, 2003 [66]; Hebert, 1997 [76]; Kato, 1997 [77]; Albanes, 1988 [78].

1 Seven studies could not be included in the dose-response meta-analysis, one reported on gene-interactions and four did not provide sufficient
information. For further details, see CUP colorectal cancer SLR 2016, Table 345.
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http://wcrf.org/colorectal-cancer-report
http://wcrf.org/colorectal-cancer-slr
http://wcrf.org/colorectal-cancer-slr

High heterogeneity was observed (1> = 90%).

In stratified analyses, high heterogeneity was
observed for women and studies in North
America and appeared largely to be related to
the size of the effect. There was evidence of
small study bias with Egger’s test (p < 0.001)
with one small study [66] reporting a decreased
risk (although not statistically significant) rather
than an increased risk (see CUP colorectal
cancer SLR 2016, Figure 576).

Stratified analyses for the risk of colorectal
cancer per 5 centimetres increase in height
were conducted for sex, geographic location
and cancer type.

When stratified by sex, a statistically
significant increased risk was observed

for men (RR 1.04 [95% Cl 1.03-1.05]) and
women (RR 1.06 [95% CI (1.02-1.09; see

CUP colorectal cancer report 2017, Table 41
and CUP colorectal cancer SLR 2016, Figure
577). When stratified by geographic location,

a significant increased risk was observed in
Europe (RR 1.05 [95% CI 1.04-1.06]) and
North America (RR 1.06 [95% CI 1.01-1.11)),
but not in Asia (see CUP colorectal cancer SLR
2016, Figure 578). When stratified by cancer
type, a significant increased risk was observed
for colon (RR 1.05 [95% CI 1.04-1.07]) and
rectal cancer (RR 1.03 [95% CI 1.01-1.06];
see CUP colorectal cancer report 2017, Table
41 and CUP colorectal cancer SLR 2016,
Figures 582 and 589).

There was no evidence of a non-linear dose—
response relationship (p = 0.12).

Most studies included in the dose-response
meta-analysis adjusted for alcohol and tobacco
smoking, and some studies adjusted for MHT
use. For information on the adjustments made
in individual studies see CUP colorectal cancer
SLR 2016, Table 344.

5.1.1.2 Published pooled analyses and
meta-analyses

One published pooled analysis (see Table 5.2)
on height and the risk of colorectal cancer was
identified. No other published meta-analyses
have been identified. The pooled analysis
reported a statistically significant increased
risk of death from colorectal cancer per 6.5
centimetres increase in height [79].

5.1.1.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

Table 5.2: Summary of published pooled analysis of height and the risk of

colorectal cancer

No. of cases
(deaths)

No. of studies

2 (o
I (%) (cohort)

Publication M RR (95% Cl)

Emerging risk factors

collaboration [79] 6.2 &

1.07 (1.03-1.11) 121

4,855
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For further information on general processes
involved in the development of cancer, see
The cancer process.

The proposed mechanisms by which adult
attained height is linked to risk of colorectal
cancer include greater exposure to growth
factors such as growth hormone and insulin-
like growth factors (IGFs) in childhood and

early adulthood [6, 80], and excess calorie
consumption in early life. Taller people have
more cells and thus there is greater opportunity
for mutations leading to cancer development
[81]. In addition, taller adults also have longer
intestines; therefore, there may be greater
potential for DNA damage resulting from
exposure to mutagenic or cancer-promoting
agents. Overall there are moderate mechanistic
data supporting greater adult height as a risk
factor for colorectal cancer.

5.1.1.4 CUP Panel’s conclusion

The evidence was consistent, and the CUP
dose-response meta-analysis showed a
statistically significant increased risk of
colorectal cancer with increasing height. There
was evidence of high heterogeneity, particularly
for women and studies in North America; but

it was mainly due to the size of the effect. The
significant increased risk remained when the
data were stratified by sex, geographic location
and cancer type. There was no evidence of

a non-linear dose-response relationship.

One published pooled analysis also reported

a statistically significant increased risk for
colorectal cancer mortality. There is robust
evidence for mechanisms operating in humans.

The CUP Panel concluded:

o Developmental factors leading to
greater growth in length in childhood
(marked by adult attained height) are a
convincing cause of colorectal cancer.
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5.1.2 Breast (premenopause)

(Also see CUP breast cancer report 2017:
Section 7.11 and CUP breast cancer SLR
2017: Section 8.3.1.)

5.1.2.1 CUP dose-response meta-analyses

Twenty-six of 29 identified studies (including
two pooled analyses) were included in the
dose-response meta-analysis, which showed

a statistically significant 6 per cent increased
risk of premenopausal breast cancer per

5 centimetres increase in height (RR 1.06
[95% Cl 1.02-1.11]; n = 6,479 cases) (see
Figure 5.2). Moderate heterogeneity was
observed (1> = 46%) and there was no evidence
of small study bias with Egger’s test (p = 0.11).

Stratified analyses for the risk of premenopausal
breast cancer per 5 centimetres increase in
height were conducted for geographic location
and for simultaneous adjustment for age,
alcohol intake and reproductive factors. Please
see CUP breast cancer SLR 2017, Section
8.3.1, for details of other stratified analyses
that have been conducted.

When stratified by geographic location, a
statistically significant increased risk was
observed in North America (RR 1.08 [95%

Cl 1.03-1.12]) and Asia (RR 1.20 [95% CI
1.04-1.37]), but not in Europe (see CUP breast
cancer report 2017, Table 24 and CUP breast
cancer SLR 2017, Figure 638). When stratified
by simultaneous adjustment for confounding
factors, the significant increased risk remained
in studies that adjusted for age, alcohol intake
and reproductive factors (RR 1.07 [95% CI
1.03-1.12]), but not in studies that did not
adjust for those confounding factors, see CUP
breast cancer SLR 2017, Table 601.

Most studies included in the dose-response
meta-analysis did not simultaneously adjust for
age, alcohol intake and reproductive factors.
For information on the adjustments made in
individual studies, see CUP breast cancer SLR
2017, Table 603.
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Figure 5.2: CUP dose-response meta-analysis! for the risk of premenopausal

breast cancer, per 5 centimetres increase in height

Per 5 cm
Author Year RR (95% CI) % Weight
Wiren 2014 J E 0.98 (0.94, 1.02) 14.66
Manders 2011 ——E-— 1.09 (0.84, 1.40) 2.15
Oberg 2009 E—I— 1.19 (1.00, 1.41) 4.08
Iwasaki 2007 ——E—I— 1.13 (0.97, 1.31) 5.06
Baer 2006 - 1.11 (1.06, 1.17) 13.68
Li 2006 E—-% 1.30 (1.08, 1.57) 3.59
Lahmann 2004 - 1.05 (0.98, 1.13) 10.84
Weiderpass 2004 —[—L 0.97 (0.85, 1.11) 5.78
Tryggvadottir 2002 0.99 (0.79, 1.22) 2.80
van den Brandt 2000 1.02 (0.96, 1.10) 11.50
Sonnenschein 1999 : 0.99 (0.84, 1.16) 4.44
Galanis 1998 —— 1.04 (0.85, 1.27) 3.21
Kaaks 1998 ——El— 1.09 (0.93, 1.28) 4.65
Tulinius 1997 ——E—I— 1.19 (0.99, 1.44) 3.55
Freni 1996 ;l 1.09 (0.84, 1.42) 2.04
De Stavola 1993 ;l 1.10 (0.84, 1.45) 1.88
Tornberg 1988 Tre— 1.11 (0.98, 1.27) 6.10
Overall (I-squared = 45.8%, p = 0.021) <T> 1.06 (1.02, 1.11) 100.00
NOTE: Weights are from random effects analysis i
| : |
.69 1 1.45

Source: Wiren, 2014 [82]; Manders, 2011 [83]; Oberg, 2009 [84]; Iwasaki, 2007 [85]; Baer, 2006 [86]; Li, 2006 [87]; Lahmann, 2004 [88]; Weiderpass,
2004 [89]; Tryggvadottir, 2002 [90]; van den Brandt, 2000 [91]; Sonnenschein, 1999 [92]; Galanis, 1998 [93]; Kaaks, 1998 [94]; Tulinius, 1997 [95];
Freni, 1996 [96]; De Stavola, 1993 [97]; Tornberg, 1988 [98].

5.1.2.2 Published pooled analyses and
meta-analyses

per 10 centimetres increase in height (RR 1.03
[95% CI 1.02-1.05]) [99].

Two published pooled analyses and one other
published meta-analysis on height and the 5.1.2.3 Mechanisms
risk of premenopausal breast cancer were The information on mechanisms is based

identified. Both pooled analyses were included on both human and animal studies, with
in the CUP dose-response meta-analysis,
and neither reported a statistically significant
increase or decrease in risk [82, 91]. The
published meta-analysis included cohort and
case-control studies and reported a significant

increased risk of premenopausal breast cancer

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

1 The CUP dose-response meta-analysis included two pooled analyses, van den Brandt, 2000 [91] and Wiren, 2014 [82], which included 10 of the
identified studies and one publication reported on two studies [85].
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For further information on general processes
involved in the development of cancer, see
The cancer process.

Adult height is directly related to the rate of
growth during fetal life and childhood [100,
101]. The number of cell divisions in fetal
life and childhood and the age of sexual
maturity are all determined by the hormonal
microenvironment (circulating plasma

levels of growth factors and oestrogens and
their respective binding proteins), which is
influenced by nutritional status.

Many of these mechanisms, such as early-
life nutrition affecting body composition and
altered circulating and hormone profiles,

can modulate the rate of tissue growth and
sexual maturation. It is therefore plausible
that nutritional factors during childhood and
adolescence that affect height could also
influence cancer risk. Specific tissues in
taller people are exposed to higher levels of
insulin, pituitary-derived growth hormone and
IGFs, and thus may have undergone more

cell divisions. This increased number of cell
divisions may contribute to greater potential
for error during DNA replication, resulting in an
increased risk of developing cancer [81, 102].
Therefore, adult attained height may be a
marker of inherited factors as well as fetal and
childhood experience and is also a surrogate
for important nutritional exposures, which
affect several hormonal and metabolic axes
and which may influence breast cancer risk.

5.1.2.4 CUP Panel’s conclusion

The evidence was consistent, and the CUP
dose-response meta-analysis showed a
statistically significant increased risk of
premenopausal breast cancer with increasing
height. There was evidence of moderate
heterogeneity. The significant increased risk
remained when the data were stratified by
geographic location, except in Europe. There
is also robust evidence for mechanisms
operating in humans.

@ Height and birthweight and the risk of cancer 2018

The CUP Panel concluded:

o Developmental factors leading
to greater growth in length in
childhood (marked by adult attained
height) are a convincing cause of
premenopausal breast cancer.

5.1.3 Breast (postmenopause)

(Also see CUP breast cancer report 2017:
Section 7.11 and CUP breast cancer SLR
2017: Section 8.3.1.)

5.1.3.1 CUP dose-response meta-analyses

Thirty-three of 41 identified studies (including
two pooled analyses) were included in

the dose-response meta-analysis, which
showed a statistically significant 9 per cent
increased risk of postmenopausal breast
cancer per 5 centimetres increase in height
(RR 1.09 [95% CI 1.07-1.11]; n = 24,975
cases) (see Figure 5.3).

Moderate heterogeneity was observed

(I? = 33%). There was evidence of small study
bias with Egger’s test (p = 0.02). Inspection
of the funnel plot showed that more smaller
studies reported an increased risk (see CUP
breast cancer SLR 2017, Figure 643).

Stratified analyses for the risk of postmenopausal
breast cancer per 5 centimetres increase in
height were conducted for geographic location
and for simultaneous adjustment for age,
alcohol intake and reproductive factors. Please
see CUP breast cancer SLR 2017, Section
8.3.1, for details of other stratified analyses
that have been conducted.

When stratified by geographic location,

a statistically significant increased risk

was observed in North America (RR 1.06
[95% Cl 1.04-1.08]) and Europe (RR 1.10
[95% CI 1.08-1.12]), but not in Asia (see
CUP breast cancer report 2017, Table 25 and
CUP breast cancer SLR 2017, Figure 644).
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Figure 5.3: CUP dose-response meta-analysis? for the risk of postmenopausal

breast cancer, per 5 centimetres increase in height

Per 5 cm

Author Year RR (95% CI) % Weight
Wiren 2014 -:- 1.11 (1.07, 1.15) 9.75
Kabat 2013 L 1.06 (1.04, 1.08) 15.1
White 2012 '. 1.07 (1.03, 1.10) 11.34
Opdahl 2011 i 1.10 (1.06, 1.14) 8.94
Lacey Jr 2009 L 1.04 (0.99, 1.08) 8.30
Oberg 2009 —E'— 1.16 (1.02, 1.32) 1.41
Iwasaki 2007 E—'— 1.24 (1.09, 1.41) 1.40
Krebs 2006 ——'E— 1.05 (0.96, 1.14) 2.84
Li 2006 —'E— 1.01 (0.84, 1.22) 0.68
Lahmann 2004 —IF- 1.10 (1.05, 1.16) 6.80
Maclnnis 2004 —E'— 1.13 (1.03, 1.23) 2.77
Tryggvadottir 2002 —E-— 1.12 (1.03, 1.22) 2.95
van den Brandt 2000 —HI— 1.07 (1.03, 1.12) 8.27
Sonnenschein 1999 ——‘:-— 1.09 (0.96, 1.25) 1.33
Galanis 1998 —E'— 1.15 (1.03, 1.29) 1.80
Kaaks 1998 ——4:— 1.08 (0.87, 1.34) 0.50
Tulinius 1997 —E'— 1.13 (1.03, 1.25) 2.30
Freni 1996 —E-% 1.24 (1.01, 1.51) 0.62
De Stavola 1993 E—-é 1.38 (1.08, 1.75) 0.42
Tornberg 1988 I- 1.10 (1.07, 1.13) 12.48
Overall (I-squared = 32.8%, p = 0.079) <!§ 1.09 (1.07, 1.11) 100.00
NOTE: Weights are from random effects analysis E

| |

.69 1 1.45

Source: Wiren, 2014 [82]; Kabat, 2013a [68]; White, 2012 [103]; Opdahl, 2011 [104]; Lacey, 2009 [105]; Oberg, 2009 [84]; lwasaki, 2007 [85]; Krebs,
2006 [106]; Li, 2006 [87]; Lahmann, 2004 [88]; MaclInnis, 2004 [107]; Tryggvadottir, 2002 [90]; van den Brandt, 2000 [91]; Sonnenschein, 1999 [92];
Galanis, 1998 [93]; Kaaks, 1998 [94]; Tulinius, 1997 [95]; Freni, 1996 [96]; De Stavola, 1993 [97]; Tornberg, 1988 [98].

In a separate CUP dose-response meta-analysis
of seven studies (including one pooled analysis)
on postmenopausal breast cancer mortality,

a statistically significant 8 per cent increased
risk per 5 centimetres increase in height

was observed (RR 1.08 [95% CI 1.05-1.11],

n = 3,181 cases, I> = 0%; see CUP breast
cancer SLR 2017, Figure 646).

When stratified by simultaneous adjustment
for confounding factors, a significant increased
risk was observed in studies that adjusted for
age, alcohol intake and reproductive factors
(RR 1.08 [95% CI 1.06-1.10]) and in studies
that did not adjust for those confounding
factors (RR 1.10 [95% Cl 1.07-1.12]) (see
CUP breast cancer SLR, Table 606).

1 The CUP dose-response meta-analysis included two pooled analyses Van den Brandt, 2000 [91] and Wiren, 2014 [82], which included 13 of the
identified studies and two publications reported on two studies [68, 85]

Height and birthweight and the risk of cancer 2018 e


https://www.wcrf.org/sites/default/files/breast-cancer-slr.pdf
https://www.wcrf.org/sites/default/files/breast-cancer-slr.pdf
https://www.wcrf.org/sites/default/files/breast-cancer-slr.pdf

Fewer than half of the studies included in

the main dose-response meta-analysis
simultaneously adjusted for age, alcohol intake
and reproductive factors. For information on
the adjustments made in individual studies,
see CUP breast cancer SLR 2017, Table 607.

5.1.3.2 Published pooled analyses and
meta-analyses

Two published pooled analyses on height and
the risk of postmenopausal breast cancer were
identified. No other published meta-analyses
have been identified. Both pooled analyses
[82, 91] were included in the CUP dose—
response meta-analysis, and both reported

a statistically significant increased risk of
postmenopausal breast cancer incidence

per 5 centimetres increase in height.

5.1.3.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

For further information on general processes
involved in the development of cancer, see
The cancer process.

Adult height is directly related to the rate
of growth during fetal life and childhood
[100, 104]. The number of cell divisions in
fetal life and childhood and age of sexual
maturity are all determined by the hormonal

@ Height and birthweight and the risk of cancer 2018

microenvironment (circulating plasma

levels of growth factors and oestrogens and
their respective binding proteins), which is
influenced by nutritional status.

Many of these mechanisms, such as early-
life nutrition affecting body composition and
altered circulating and hormone profiles,

can modulate the rate of tissue growth and
sexual maturation. It is therefore plausible
that nutritional factors during childhood and
adolescence that affect height could also
influence cancer risk. Specific tissues in
taller people are exposed to higher levels of
insulin, pituitary-derived growth hormone and
IGFs, and thus may have undergone more

cell divisions. This increased number of cell
divisions may contribute to greater potential
for error during DNA replication, resulting in an
increased risk of developing cancer [81, 102].
Therefore, adult attained height may be a
marker of inherited factors as well as fetal and
childhood experience and is also a surrogate
for important nutritional exposures, which
affect several hormonal and metabolic axes
and which may influence breast cancer risk.

5.1.3.4 CUP Panel’s conclusion

The evidence was consistent, and the CUP
dose-response meta-analysis showed a
statistically significant increased risk of
postmenopausal breast cancer with increasing
height. There was evidence of moderate
heterogeneity. The significant increased
remained when stratified by geographic
location, except for in Asia. There is robust
evidence for mechanisms operating in humans.

The CUP Panel concluded:

o Developmental factors leading
to greater growth in length in
childhood (marked by adult attained
height) are a convincing cause of
postmenopausal breast cancer.
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5.1.4 Ovary

(Also see CUP ovarian cancer report 2014:

Section 7.3 and CUP ovarian cancer SLR 2013:

Section 8.3.1.)

5.1.4.1 CUP dose-response meta-analysis

Fourteen of 18 identified studies were
included in the dose—-response meta-analysis,
which showed a statistically significant

8 per cent increased risk of ovarian cancer
per 5 centimetres increase in height (RR

1.08 [95% CI 1.05-1.10]; n = 17,312 cases)
(see Figure 5.4). Moderate heterogeneity was
observed (1> = 35%), which was related to the
size of the effect. There was no evidence of
small study bias with Egger’s test (p = 0.29).

There was no evidence of a non-linear
dose—response relationship (p = 0.9).

All studies included in the dose-response
meta-analysis adjusted for age, most studies
adjusted for reproductive factors, and some
studies adjusted for tobacco smoking, physical
activity and/or HRT use.

5.1.4.2 Published pooled analyses and
meta-analyses

Three published pooled analyses (see
Table 5.3) on height and the risk of ovarian
cancer were identified. No other published
meta-analyses have been identified. The
pooled analyses all reported a statistically
significant increased risk [79, 120, 121].

Figure 5.4: CUP dose-response meta-analysis? for the risk of ovarian cancer,

per 5 centimetres increase in height

Per 5 cm
Author Year RR (95% CI) % Weight
Weiderpass 2012 1.01 (0.82, 1.24) 1.28
Green 2011 1.08 (1.04, 1.15) 13.20
Chionh 2010 1.06 (0.91, 1.24) 2.08
Lahmann 2010 1.05 (0.98, 1.12) 8.78
Sung 2009 1.24 (1.08, 1.41) 2.87
Baer 2008 1.08 (1.01, 1.15) 9.86
Baer 2008 1.21 (1.06, 1.38) 2.89
Lundqvist 2007 1.16 (1.06, 1.27) 5.90
Lacey 2006 1.00 (0.90, 1.08) 5.71
Anderson 2004 1.03 (0.94, 1.13) 5.49
Engeland 2003 1.07 (1.05, 1.09) 24.09
Schouten 2003 1.19 (1.04, 1.37) 2.72
Rodriguez 2002 1.05 (1.00, 1.09) 15.13
Overall (I-squared = 34.8%, p = 0.104) 1.08 (1.05, 1.10) 100.00

NOTE: Weights are from random effects analysis

Source: Weiderpass, 2012 [108]; Green, 2011 [109]; Chionh, 2010 [110]; Lahmann, 2010 [111]; Sung, 2009 [112]; Baer, 2008 [113]; Lundqvist, 2007
[114]; Lacey, 2006 [115]; Anderson, 2004 [116]; Engeland, 2003 [117]; Schouten, 2003 [118]; Rodriguez, 2002 [119].

1 The CUP dose-response meta-analysis included 14 studies. Thirteen risk estimates were included in the analysis as one publication reported a risk
estimate for two studies combined (Lundqvist, 2007 [114]). Another publication included two separate risk estimates for two studies (Baer, 2008 [113]).
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Table 5.3: Summary of published pooled analyses on height and the risk of

ovarian cancer

No. of studies

Publication Increment | RR (95% Cl) 12 (%) (cohort) No. of cases
Collaborative Group on 10 858
Epidemiological Studies of 5cm 1.08 (1.06-1.10) - 17 dia’ SN
Ovarian Cancer, 2012 [121] g

The Emerging Risk Factors B B

Collaboration, 2012 [79] 6.5 cm 1.07 (1.01-1.14) 0 1,353 deaths
Pooling Project of Prospective B B 2,036
Studies of Diet and Cancer [120] S @i L3 e Ay 12 diagnoses

An additional CUP analysis of 24 studies (n =
16,062) from the Pooling Project of Prospective
Studies of Diet and Cancer [120] and the non-
overlapping studies from the CUP [74, 108,
109, 111, 112, 114] showed a statistically
significant eight per cent increased risk of
ovarian cancer per 5 centimetres increase in
height (RR 1.08 [95% Cl 1.06-1.11]).

5.1.4.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

For further information on general processes
involved in the development of cancer, see
The cancer process.

Adult height is determined by inherited genetic
factors and specific exposures, such as
nutrition and infections in utero as well as
throughout childhood and adolescence [6].
These factors may also affect ovarian cancer
risk later in life through alterations in hormonal
pathways, in particular the IGF-1 pathway.
However, results from epidemiological studies
on circulating IGF-1 levels and ovarian cancer
risk have been inconclusive [122].
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5.1.4.4 CUP Panel’s conclusion

The evidence was consistent and the CUP
dose-response meta-analysis showed a
statistically significant increased risk of
ovarian cancer with increasing height. There
was evidence of moderate heterogeneity.

There was no evidence of a non-linear dose—
response relationship. The results of three
published pooled analyses showed a significant
increased risk. There is evidence of plausible
mechanisms operating in humans.

The CUP Panel concluded:

o Developmental factors leading to
greater growth in length in childhood
(marked by adult attained height) are
a convincing cause of ovarian cancer.

5.1.5 Pancreas

(Also see CUP pancreatic cancer report 2012:
Section 7.8 and CUP pancreatic cancer SLR
2011: Section 8.3.1.)
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5.1.5.1 CUP dose-response meta-analyses

Ten of 14 identified studies were included

in the dose-response meta-analysis, which
showed a statistically significant 7 per cent
increased risk of pancreatic cancer per

5 centimetres increase in height (RR 1.07
[95% Cl 1.03-1.12]; n = 6,147 cases) (see
Figure 5.5). High heterogeneity was observed
(7= 57%), which may be due to one study
reporting a decreased risk rather than an
increased risk [123]. There was no evidence of
small study bias with Egger’s test (p = 0.15),
but there was some evidence of asymmetry
in the funnel plot (see CUP pancreatic cancer
SLR 2011, Figure 217).

Stratified analyses for the risk of pancreatic
cancer per 5 centimetres increase in height
were conducted for sex; a statistically
significant increased risk was observed

in men (RR 1.07 [95% CI 1.01-1.14]), but not
women (RR 1.07 [95% Cl 0.99-1.15]; see
CUP pancreatic cancer SLR 2011, Figure 219).

There was no evidence of a non-linear
dose-response relationship (p = 0.14).

All studies included in the dose-response
meta-analysis adjusted for age, sex and
tobacco smoking.

5.1.5.2 Published pooled analyses and
meta-analyses

Three published pooled analyses on height and
the risk of pancreatic cancer were identified
(see Table 5.4). No other published meta-
analyses have been identified. All of the pooled
analyses reported no statistically significant
increase or decrease in risk [130-132].

Figure 5.5: CUP dose-response meta-analysis®2 for the risk of pancreatic cancer,

per 5 centimetres increase in height

Per 5 cm %

Author Year Sex RR (95% ClI) Weight
Green 2011 W -L-:' 1.02 (0.97, 1.08)  15.04
Meinhold 2009 M __'E_ 1.04 (0.95, 1.14) 10.58
Berrington de Gonzalez 2008 M/W i-:r 1.03 (0.99, 1.08) 16.37
Luo 2008 W —-——i 0.96 (0.86, 1.07) 8.31
Verhage 2007 M/W —l:l— 1.07 (0.99, 1.16) 11.74
Batty 2006 M — 1.02 (0.90, 1.15)  7.22
Berrington de Gonzalez 2006 M/W i—-— 1.17 (1.07, 1.28) 10.34
Michaud, HPFS 2001 M —E-— 1.12 (0.99, 1.27) 7.31
Michaud, NHS 2001 W E—'— 1.21 (1.08, 1.34) 8.46
Tulinius 1997 M/W —=—— 1.22(1.03,1.45) 4.63
Overall (I-squared = 57.1%, p = 0.013) <I> 1.07 (1.03, 1.12) 100.00
NOTE: Weights are from random effects analysis E

| |

.85

1 1.5

Source: Green, 2011 [109]; Meinhold, 2009 [124]; Berrington de Gonzalez, 2008 [125]; Luo, 2008 [123]; Verhage, 2007 [126]; Batty, 2006 [127];
Berrington de Gonzalez, 2006 [128]; Michaud, 2001 [129]; Tulinius, 1997 [95].

* Four studies could not be included in the dose-response meta-analysis as they did not provide sufficient information. For further details, see CUP

pancreatic cancer SLR 2011, Table 192.

2 One publication included two separate risk estimates for two studies (Michaud, 2001 [129]).
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Table 5.4: Summary of published pooled analyses of height and the risk of

pancreatic cancer

Publication

Increment/contrast

I? No. of

Pooling Project of
Prospective Studies
on Diet and Cancer
[130]

>180vs. <170 cm Men

>170vs. <160 cm Women
Pancreatic Cancer
Cohort Consortium
(PanScan) [132]

Highest vs. lowest

6 cm Men
Asia-Pacific
Cohort Studies
Collaboration [131]

6 cm Women

5.1.5.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

For further information on general processes
involved in the development of cancer, see
The cancer process.

Specific mechanisms that link greater adult
height with an increased risk of pancreatic
cancer have not been clearly identified but
may include those that have been proposed
for other height-related cancers. Greater adult
height may be related to increased exposure
to endocrine and metabolic patterns, such as
IGFs, in childhood and early adulthood, which
have been associated with organ growth,
greater cell division, and thus risk of cancer-
initiating mutations [6, 80]. In addition, taller
people have more cells and thus there is
greater opportunity for mutations to arise
and lead to cancer development [81].
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(1)
RR (95% CI) studies No. of cases
1.18(0.93-1.49) 11 Lo
diagnoses
14 cohort
1,115
1.03 (0.84-1.25) 0 ST
12 cohort
0.99 (0.83-1.18) -  and1 202D
diagnoses
case-control
1.08 (0.94-1.24) -
38 cohort 294 deaths

0.99 (0.82-1.21) -

5.1.5.4 CUP Panel’s conclusion

The evidence was generally consistent, and
the CUP dose-response meta-analysis showed
a statistically significant increased risk of
pancreatic cancer with increasing height. High
heterogeneity was observed, which seemed

to be due to one study reporting a decreased
rather than an increased risk. When stratified
by sex, the statistically significant increase

in risk remained for men, but not women.
There was no evidence of a non-linear dose—
response relationship. Three published pooled
analyses reported no significant increase or
decrease in risk. There is also evidence of
plausible mechanisms operating in humans.

The CUP Panel concluded:

o Developmental factors that lead to
greater growth in length in childhood
(marked by adult attained height) are a
probable cause of pancreatic cancer.

5.1.6 Endometrium

(Also see CUP endometrial cancer report
2013: Section 7.6 and CUP endometrial cancer
SLR 2012: Section 8.3.1.)
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5.1.6.1 CUP dose-response meta-analysis

Ten of 13 identified studies were included

in the dose-response meta-analysis, which
showed a statistically significant 7 per cent
increased risk of endometrial cancer per

5 centimetres increase in height (RR 1.07
[95% Cl 1.03-1.11]; n = 17,732 cases) (see
Figure 5.6). High heterogeneity was observed
(17 = 69%), which appeared to be due to one
study reporting a larger increased risk with a
narrow 95 per cent confidence interval [69].

There was no evidence of a non-linear
dose—response relationship (p = 0.39).

All studies included in the dose-response meta-
analysis adjusted for age, most studies adjusted
for tobacco smoking and some adjusted for
reproductive factors and/or physical activity.

5.1.6.2 Published pooled analyses and
meta-analyses

No published pooled analyses and no other
published meta-analyses on height and the
risk of endometrial cancer were identified.

5.1.6.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

For further information on general processes
involved in the development of cancer, see
The cancer process.

Figure 5.6: CUP dose-response meta-analysis® for the risk of endometrial cancer,

per 5 centimetres increase in height

Per 5 cm
Author Year RR (95% CI) % Weight
Kabat 2013 1.17 (1.10, 1.23) 15.05
Green 2011 1.09 (1.06, 1.12) 19.73
Park 2010 0.99 (0.90, 1.08) 9.10
Sung 2009 1.04 (0.88, 1.22) 4.17
Bjorge 2007 1.05 (1.04, 1.07) 21.41
Friedenreich 2007 1.01 (0.94, 1.09) 11.84
Lundqvist 2007 0.97 (0.88, 1.08) 8.32
Schouten 2004 1.14 (0.99, 1.31) 5.30
de Waard 1996 1.21 (1.05, 1.40) 5.08
Overall (I-squared = 69.0%, p = 0.001) 1.07 (1.03, 1.11) 100.00

NOTE: Weights are from random effects analysis

Source: Kabat, 2013b [69]; Green, 2011 [109]; Park, 2010 [133]; Sung, 2009 [112]; Bjorge, 2007 [134]; Friedenreich, 2007 [135]; Lundqvist, 2007 [114];

Schouten, 2004 [136]; de Waard, 1996 [137].

1 The CUP dose-response meta-analysis included ten studies. Nine risk estimates were included in the analysis as one publication reported a risk estimate

for two studies combined (Lundqvist, 2007 [114]).
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Adult height is directly related to the rate

of growth during fetal life and childhood

[100, 1041]. The number of cell divisions in
fetal life and childhood, health and nutrition
status in childhood, and age of sexual
maturity are all determined by the hormonal
microenvironment (plasma levels of growth
factors and oestrogens and their respective
binding proteins), which is influenced by
nutritional status. Many of these mechanisms,
such as early-life nutrition affecting body
composition and altered circulating and free
hormone profiles, can modulate the rate of
tissue growth and sexual maturation. It is
therefore plausible that nutritional factors that
affect height could also influence cancer risk.
Specific tissues in taller people are exposed
to higher levels of insulin, pituitary-derived
growth hormone and IGFs, and thus may have
undergone more cell divisions. This increased
number of cell divisions may contribute

to greater potential for error during DNA
replication, resulting in an increased risk of
developing cancer [81, 102]. Therefore, adult
attained height is a marker of inherited factors
as well as fetal and childhood experience and
is also a surrogate for important nutritional
exposures, which affect several hormonal

and metabolic axes and which may influence
endometrial cancer risk.

5.1.6.4 CUP Panel’s conclusion

The evidence was generally consistent, and
the CUP dose-response meta-analysis showed
a statistically significant increased risk of
endometrial cancer with increasing height.
There was evidence of high heterogeneity,
which appeared to be due to one study
reporting a larger increase in risk. There was
no evidence of a non-linear dose-response
relationship. There is also evidence of
plausible mechanisms operating in humans.

@ Height and birthweight and the risk of cancer 2018

The CUP Panel concluded:

o Developmental factors leading to
greater growth in length in childhood
(marked by adult attained height) are
probably a cause of endometrial cancer.

5.1.7 Prostate

(Also see CUP prostate cancer report 2014
Section 7.7 and CUP prostate cancer SLR
2014: Section 8.3.1.)

5.1.7.1 CUP dose-response meta-analyses

Thirty-four of 42 identified studies were
included in the dose-response meta-analysis,
which showed a statistically significant

4 per cent increased risk of prostate cancer
(type of prostate cancer not specified) per

5 centimetres increase in height (RR 1.04
[95% CI 1.03-1.05]; n = 79,387 cases) (see
Figure 5.7). Low heterogeneity was observed
(I? = 21%), and there was no evidence of small
study bias with Egger’s test (p = 0.79).

Stratified analyses for the risk of prostate
cancer per 5 centimetres increase in height
were conducted for cancer outcome; a
statistically significant increased risk was
observed for advanced (RR 1.04 [95% CI 1.02-
1.06]), fatal (RR 1.04 [95% CI 1.01-1.06]) and
non-advanced (RR 1.03 [95% CI 1.01-1.05])
prostate cancer (see CUP prostate cancer SLR
2014, Figures 318 and 320).
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Figure 5.7: CUP dose-response meta-analysis for the risk of prostate cancer,

per 5 centimetres increase in height

Per 5 cm

Author Year RR (95% CI) % Weight
Bassett 2012 # 1.02 (0.97, 1.07) 2.66
Shafique 2012 —i—I— 1.10 (1.03, 1.17) 1.55
Batty 2011 —— 1.08 (1.01, 1.16) 1.41
Stocks 2010 I- 1.05 (1.03, 1.07) 9.22
Ahn 2009 ; 1.02 (0.99, 1.06) 4.76
Hernandez 2009 :E 1.00 (0.97, 1.03) 5.98
Sung 2009 ~:~l- 1.08 (1.03, 1.13) 2.93
Pischon 2008 = 1.01 (0.98, 1.04) 5.96
Fujino 2007 0.91 (0.73, 1.14) 0.15
Littman 2007 - 1.07 (1.01, 1.14) 2.03
Gong 2006 -IF- 1.05 (1.01, 1.10) 2.99
Kurahashi 2006 ——-:— 1.03 (0.89, 1.20) 0.32
Sequoia 2006 - 1.04 (0.99, 1.09) 3.22
Tande 2006 —-—E— 0.98 (0.89, 1.08) 0.70
Engeland 2003 - 1.04 (1.04, 1.05) 19.17
Gunnell 2003 : 0.90 (0.68, 1.19) 0.09
Jonsson 2003 — 1.00 (0.91, 1.10) 0.80
Freeman 2001 i 1.05 (0.99, 1.12) 1.85
Rodriguez 2001 - 1.03 (1.01, 1.05) 12.59
Rodriguez 2001 I 1.05 (1.02, 1.09) 5.32
Davey Smith 2000 —_— 0.88 (0.72, 1.06) 0.20
Habel 2000 . 1.04 (1.00, 1.09) 3.64
Putnam 2000 : 1.07 (0.84, 1.36) 0.13
Schuurman 2000 —I—E 0.99 (0.92, 1.06) 1.36
Lund Nilsen 1999 ——i—-— 1.10 (0.98, 1.23) 0.54
Andersson 1997 —— 1.05 (1.00, 1.11) 2.50
Cerhan 1997 : 0.98 (0.74, 1.29) 0.09
Giovannucci 1997 - 1.07 (1.01, 1.13) 1.94
Hebert 1997 —IF— 1.06 (1.01, 1.11) 3.21
Tulinius 1997 —i—l— 1.07 (1.00, 1.15) 1.26
Veierod 1997 : 1.01 (0.82, 1.25) 0.16
Le Marchand 1994 E —_— 1.26 (1.07, 1.47) 0.29
Thune 1994 — 0.99 (0.91, 1.09) 0.81
Albanes 1988 —-E— 1.02 (0.84, 1.24) 0.19
Overall (I-squared = 21.0%, p = 0.14) @ 1.04 (1.03, 1.05) 100.00
NOTE: Weights are from random effects analysis :

| |

71 1 1.4

Source: Bassett, 2012 [138]; Shafique, 2012 [139]; Batty, 2011 [140]; Stocks, 2010 [141]; Ahn, 2009 [142]; Hernandez, 2009 [143]; Sung, 2009 [112];
Pischon, 2008 [144]; Fujino, 2007 [145]; Littman, 2007 [146]; Gong, 2006 [147]; Kurahashi, 2006 [148]; Sequoia, 2006 [149]; Tande, 2006 [150];
Engeland, 2003 [151]; Gunnell, 2003 [66]; Jonsson, 2003 [152]; Freeman, 2001 [153]; Rodriguez, 2001 [154]; Davey-Smith, 2000 [155]; Habel, 2000
[156]; Putnam, 2000 [157]; Schuurman, 2000 [158]; Lund Nilsen, 1999 [159]; Andersson, 1997 [160]; Cerhan, 1997 [161]; Giovannucci, 1997 [162];
Hebert, 1997 [76]; Tulinius, 1997 [95]; Veierod, 1997 [163]; Le Marchand, 1994 [164]; Thune, 1994 [165]; Albanes, 1988 [78].

Height and birthweight and the risk of cancer 2018 @



All studies included in the dose-response meta-
analysis adjusted for age; some adjusted for
tobacco smoking, physical activity and/or BMI.

There was evidence of a non-linear dose—
response relationship in analyses on prostate
cancer as well as for the subtype of advanced
prostate cancer (p = 0.01 and p < 0.01,
respectively) (see Figure 5.8 and Figure 5.9
and CUP prostate cancer SLR 2014, Tables
281 and 282). For prostate cancer there was
evidence of a greater slope at shorter heights
and for advanced prostate cancer there was
evidence for a greater slope at taller heights.

5.1.7.2 Published pooled analyses and
meta-analyses

Two published pooled analyses and one other
published meta-analysis on height and the risk
of prostate cancer incidence or mortality were
identified (see Table 5.5 for results of pooled
analyses). One pooled analysis showed a
statistically significant increased risk of death
from prostate cancer with increasing height,
and the other reported no significant increase
or decrease in the risk of death. The published
meta-analysis reported a significant increased
risk of prostate cancer per 10 centimetres
increase in height (RR 1.09 [95% CI 1.06-
1.12]) [166].

5.1.7.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with
a preference for human studies whenever

possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

For further information on general processes
involved in the development of cancer, see
The cancer process.

Greater adult attained height is associated
with higher risk of prostate cancer; however,
specific mechanisms that link greater adult
height with higher risk of prostate cancer have
not been identified. Adult height may be viewed
as a marker of factors affecting linear growth
including nutritional and genetic factors as
well as cumulative exposure to endogenous
hormones such as growth hormone and

IGFs. The IGF axis plays a major role in the
regulation of cell growth and survival, and
experimental studies demonstrate that
increased signalling through the IGF system
can exert a pro-tumorigenic effect. Recently,
a large-scale collaborative meta-analysis

of studies examining the relation between
circulating IGF-1 and the incidence of prostate
cancer reported a robust, positive association
between IGF-I levels and prostate cancer risk
[167]. Therefore, the IGF axis may represent
a plausible mechanism linking height to
prostate cancer development. An additional
proposed mechanism relates to taller people
having more cells and thus there is greater
opportunity for mutations to arise and lead

to cancer development [81].

Table 5.5: Summary of published pooled analyses of height and the risk of

prostate cancer

No. of studies | No. of cases
0, 2 0
Emerging Risk Factor
Collaboration [79] 6.5 cm 1.07 (1.02-1.11) 121 2,818
Asia Pacific Cohort Studies 6 cm 1.06 (0.95-1.18) 5 38 274

Collaboration [131]
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Figure 5.8: CUP non-linear dose-response association of height and the risk of

prostate cancer

Non-linear relation between height and prostate cancer

1.9| ———— Best fitting cubic spline
170 - 7 —° 95% confidence interval
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Figure 5.9: CUP non-linear dose-response association of height and the risk of

advanced prostate cancer

Non-linear relation between height and the risk of advanced/high grade prostate cancer

1.8 ——— Best fitting cubic spline
- — — — - 95% confidence interval
1.6
1.4
-~ - )

s 1.2 - - e
o _ - -
(0] _ - -
© - - ~
£ 1 e _ -
(2] == - —
2 N —

.8

.6

150 160 170 180 190 200
Height (cm)

Height and birthweight and the risk of cancer 2018 @



5.1.7.4 CUP Panel’s conclusion

The evidence was generally consistent and the
CUP dose-response meta-analysis showed

a statistically significant increased risk of
prostate cancer with increasing height. Low
heterogeneity was observed. The significant
increased risk remained for both advanced
and non-advanced cancers. There was
evidence of a non-linear dose-response
relationship in analyses on prostate cancer
(where type of prostate cancer was not
specified) and advanced prostate cancer. One
of two published pooled analyses showed a
statistically significant increased risk of death
from prostate cancer. There is also evidence
of plausible mechanisms operating in humans.

The CUP Panel concluded:

o Developmental factors leading to
greater growth in length in childhood
(marked by adult attained height) are
probably a cause of prostate cancer.

5.1.8 Kidney

(Also see CUP kidney cancer report 2015:
Section 7.4 and CUP kidney cancer SLR 2015:
Section 8.3.1.)

@ Height and birthweight and the risk of cancer 2018

5.1.8.1 CUP dose-response meta-analyses

Ten of 11 identified studies were included

in the dose-response meta-analysis,

which showed a statistically significant

10 per cent increased risk of kidney cancer
per 5 centimetres increase in height

(RR 1.10 [95% CI 1.08-1.12]; n = 9,874) (see
Figure 5.10). No heterogeneity was observed,
and there was no evidence of small study bias
with Egger’s test (p = 0.54).

Stratified analyses for the risk of kidney cancer
per 5 centimetres increase in height were
conducted for sex. A statistically significant
increased risk was observed in men (RR 1.10
[95% CI 1.06-1.13]) and women (RR 1.10
[95% CI 1.07-1.14]; see CUP kidney cancer
report 2015, Table 6 and CUP kidney cancer
SLR 2015, Figure 139).

There was no evidence of a non-linear dose—
response relationship (p = 0.62).

All studies included in the dose-response
meta-analysis adjusted for age and sex, and
most studies adjusted for tobacco smoking.

5.1.8.2 Published pooled analyses and
meta-analyses

One published pooled analysis on height

and the risk of kidney cancer mortality was
identified (see Table 5.6). No other published
meta-analyses have been identified. The pooled
analysis contained very few cases of kidney
cancer and reported no significant increase

or decrease in risk in men or women [131].

5.1.8.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.
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Figure 5.10: CUP dose-response meta-analysis for the risk of kidney cancer,

per 5 centimetres increase in height

Per 5 cm

Author Year RR (95% CI) % Weight
Kabat 2013 —IF— 1.13 (1.01, 1.26) 2.49
Green 2011 I. 1.14 (1.09, 1.19) 17.56
Fujino 2007 —'E— 0.94 (0.68, 1.31) 0.29
Setiawan 2007 —‘:'— 1.09 (0.98, 1.21) 2.86
Batty 2006 —E*— 1.20 (0.99, 1.46) 0.84
Pischon 2006 —I:— 1.08 (0.98, 1.19) .68
Bjorge 2004 . 1.09 (1.06, 1.11) 66.65
Giovannucci 2004 — - 1.06 (0.93, 1.19) 2.03
van Dijk 2004 ——IE— 1.07 (0.96, 1.20) 2.47
Tulinius 1997 J:—I— 1.26 (1.08, 1.48) 1.28
Overall (I-squared = 0.0%, p = 0.452) 6 1.10 (1.08, 1.12) 100.00
NOTE: Weights are from random effects analysis !

| | : |

5 .75 1 1.5

Source: Kabat, 2013b [69]; Green, 2011 [109]; Fujino, 2007 [145]; Setiawan, 2007 [168]; Batty, 2006 [127]; Pischon, 2006 [169]; Bjorge, 2004 [170];

Giovannucci, 2004 [171]; van Dijk, 2004 [172]; Tulinius, 1997 [95].

Table 5.6: Summary of published pooled analyses of height and the risk of kidney cancer

Publication

RR (95% CI)

No. of studies

(cohort)

No. of cases
(deaths)

Asia-Pacific Cohort Studies kel ——

Collaboration [131] 6 cm Women

For further information on general processes
involved in the development of cancer, see
The cancer process.

Specific mechanisms that link greater adult
height with an increased risk of kidney cancer
have not been clearly identified but may
include those that have been proposed for
other height-related cancers. Greater adult
height may be related to increased exposure
to endocrine and metabolic patterns, such as
IGFs, in childhood and early adulthood, which
have been associated with organ growth,
greater cell division, and thus risk of cancer-

1.04 (0.83-1.31)

38

1.21 (0.81-1.83)

67

23

initiating mutations [6]. In addition, taller
people have more cells and thus there is

greater opportunity for mutations to arise
and lead to cancer development [81].

5.1.8.4 CUP Panel’s conclusion

The evidence was generally consistent, and

the CUP dose-response meta-analysis
showed a statistically significant increased
risk of kidney cancer with increasing height.

No heterogeneity was observed. The significant
increased risk remained for men and women.
There was no evidence of a non-linear
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dose-response relationship. The results of
the published pooled analysis, with few cases,
showed no statistically significant increase

or decrease in risk. There is evidence of
plausible mechanisms operating in humans.

The CUP Panel concluded:

e Developmental factors leading to
greater growth in length in childhood
(marked by adult attained height) are
probably a cause of kidney cancer.

5.1.9 Skin (malignant melanoma)

(Also see CUP skin cancer SLR 2017: Section
8.3.1.)

The evidence for malignant melanoma is
presented in the following subsections.

For information on studies on any form of skin
cancer, non-melanoma skin cancer, basal cell

carcinoma and squamous cell carcinoma, see
CUP skin cancer SLR 2017: Section 8.3.1.

5.1.9.1 CUP dose-response meta-analyses

Fifteen of 18 identified studies were included
in the dose-response meta-analysis, which
showed a statistically significant 12 per cent
increased risk of malignhant melanoma per 5
centimetres increase in height (RR 1.12 [95%
Cl 1.09-1.16]; n = 13,020) (see Figure 5.11).
High heterogeneity was observed (I = 64%),
which was due to the size of effect rather than
the direction of effect. There was no evidence
of small study bias with Egger’s test (p = 0.31).
However, the funnel plot showed asymmetry
that was driven by a higher than expected
increased risk in a small Norwegian study

(28 cases; see CUP skin cancer SLR 2017,
Figure 69) [64].

Stratified analyses for the risk of malignant
melanoma per 5 centimetres increase in

Figure 5.11: CUP dose-response meta-analysis for the risk of malighant melanoma,

per 5 centimetres increase in height

Per 5 cm

Author Year Sex RR (95% CI) % Weight
Lahmann 2016 M/W —E—-— 1.28 (0.97, 1.71) 1.17
Kabat 2014 M/W - 1.08 (1.06, 1.10) 21.52
Kvaskoff 2014 W ——*— 1.11 (0.98, 1.25) 5.12
Wiren 2014 M/W . 1.15 (1.11, 1.19) 18.17
Kabat 20132 W =R 1.23 (1.13, 1.34) 8.37
Kabat 2013b W . 1.07 (1.02, 1.12) 15.14
Walter 2013 M/W -‘- 1.10 (1.02, 1.19) 9.80
Green 2011 W . 1.15 (1.10, 1.19) 17.44
Freedman 2003 M/W —I-i— 1.04 (0.88, 1.22) 3.27
Overall (isquared = 64.2%, p = 0.004) 0 1.12 (1.09, 1.16) 100.00
NOTE: Weights are from random effects analysis E

I I

1.8

Source: Lahmann, 2016 [64]; Kabat, 2014 [173]; Kvaskoff, 2014 [174]; Wiren, 2014 [82]; Kabat, 2013a [69]; Kabat, 2013b [68]; Walter, 2013 [70];

Green, 2011 [109]; Freedman, 2003*.

1 Freedman DM et al. Cancer, causes & control 2003; 14: 847-57a.
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height were conducted for sex and geographic
location. Please see CUP skin cancer SLR
2017, Section 8.3.1, for details of other
stratified analyses that have been conducted.

When stratified by sex, a statistically significant
increased risk was observed in men (RR 1.10
[95% Cl 1.05-1.15]) and women (RR 1.12

[95% Cl 1.08-1.17]); see CUP skin cancer SLR
2017, Table 57 and Figure 70. When stratified
by geographic location, a significant increased
risk was observed in Europe (RR 1.15 [95% CI
1.12-1.18]) and North America (RR 1.10 [95%
Cl 1.06-1.14]), but not Australia; see CUP skin
cancer SLR 2017, Table 57 and Figure 71.

All studies included in the dose-response
meta-analysis adjusted for age, most
conducted analyses stratified by sex and
some adjusted for an indicator of skin colour
and/or sun exposure. For information on the
adjustments made in individual studies, see
CUP skin cancer SLR 2017, Table 59.

5.1.9.2 Published pooled analyses and
meta-analyses

One published pooled analysis on height and
the risk of malignant melanoma incidence
was identified [82]; this was included in the
CUP dose-response meta-analysis. Results

from three published pooled analyses [79,

82, 131] on height and malignant melanoma
mortality are shown in Table 5.7 (also see

CUP skin cancer SLR 2017, Table 58). No other
published meta-analyses were identified.

5.1.9.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

For further information on general processes
involved in the development of cancer, see
The cancer process.

The mechanisms by which higher adult
attained height is linked to elevated risks of
malignant melanoma and basal cell carcinoma
are unclear. Taller people have more skin
cells, and thus there is greater opportunity
for mutations leading to cancer development
[81]. In addition, early life and early adulthood
exposures may play a role, such as greater
exposure to growth factors including growth
hormone and IGFs and excess calorie
consumption in early life [6, 80].

Table 5.7: Summary of published pooled analyses of height and malignant
melanoma mortality

. .. No. of studies | No. of cases
0,

Publication Increment RR (95% CI) (cohort) (deaths)
Emerging Risk Factors Men and .
Collaboration® [79] 6.5 cm T — 1.26 (1.12-1.42) 43 121 679
Asia-Pacific Cohort Studies Men 144 (1.15-1.79) - 63
Collaboration? [131] 6 cm 44

Women 1.04 (0.71-1.52) - 25
The Metabolic Syndrome Men 1.10 (0.99-1.21) - 246
and Cancer Project 5cm 7
(Me-Can)* [82] Women 1.09 (0.92-1.29) - 102

Specific adjustments for skin sensitivity or sun exposure

1 In this meta-analysis, the authors did not add confounding variables relating to skin sensitivity or sun
exposure to the multivariate model used. For details of adjustments made please see original studies.
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5.1.9.4 CUP Panel’s conclusion

The evidence was generally consistent and

the CUP dose-response meta-analysis showed
a statistically significant increased risk of

skin cancer with increasing height. There was
high heterogeneity, which was due to the size

5.2 Birthweight

Table 5.8 summarises the main findings from
the CUP dose-response meta-analyses of
cohort studies on birthweight and the risk
of cancer. Birthweight refers to the weight at

of effect rather than the direction of effect. birth of the people taking part in the studies.

The significant increased risk remained when
stratified by sex and by geographic location for
Europe and North America, but not Australia.
Two published pooled analyses, not included in
the CUP analyses, mainly reported a statistically
significant increased risk. There is evidence

of plausible mechanisms operating in humans.

Evidence for cancers of the following types
was discussed in the CUP but was too limited
to draw a conclusion®: breast (postmenopause;
2017), prostate (2014) and kidney (2015).

The strong evidence on the effects of
birthweight on the risk of cancer is described
in the following subsections. This strong
evidence includes analyses performed in

the CUP and/or other published analyses
and information on mechanisms that could
plausibly influence the risk of cancer.

The CUP Panel concluded:

o Developmental factors leading to greater
growth in length in childhood (marked
by adult attained height) are probably
a cause of malignant melanoma.

Table 5.8: Summary of CUP dose-response meta-analyses of birthweight*2 and the
risk of cancer

No. of . Date
Total . . Risk
studies in | No. of . S of CUP
Cancer no. of meta- estimate Increment Conclusion cancer
studies . (95% ClI) p
analysis report
Breast 1.05 500 g Probable:
(premenopause) 3 1 9,188 (1.02-1.09) birthweight v Increases risk e
Limited -
Skin (malignant 1.06 500 g .
melanoma) © 2 3,561 (102-1.10) birthweight suggestive: e

Increases risk

1 Birthweight is a marker for prenatal growth, reflecting a combination of factors including fetal nutrition, and
is also a predictor of later growth and maturation — for example, age at menarche — which are themselves
determinants of breast cancer risk.

2 The evidence shows that, in general, the taller people are during adulthood, and the more people weighed
at birth, the higher their risk of some cancers. A better understanding of the developmental factors that
underpin the associations between greater growth and cancer risk is needed.

3 See Definitions of WCRF/AICR grading criteria (Section 1: Height and birthweight and the risk of cancer:

a summary matrix) for explanations of what the Panel means by ‘convincing’, ‘probable’ and ‘limited —
suggestive’.

4 Throughout this Third Expert Report, the year given for each cancer site is the year the CUP cancer report
was published, apart from for nasopharynx, cervix and skin, where the year given is the year the SLR was
last reviewed. Updated CUP cancer reports for nasopharynx and skin will be published in the future.

1 ‘Limited - no conclusion’: There is enough evidence to warrant Panel consideration, but it is so limited that no conclusion can be made. The evidence
may be limited in amount, by inconsistency in the direction of effect, by methodological flaws, or by any combination of these.
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For more information on the evidence for
birthweight and the risk of cancer that was
graded by the Panel as ‘limited — suggestive’
and suggests a direction of effect, see the
CUP document listed:

5.2.1.1 CUP dose-response meta-analysis

Sixteen of 25 identified studies (including

one pooled analysis) were included in the

dose-response meta-analysis, which showed
a statistically significant 5 per cent increased
e CUP skin cancer SLR 2017: Section 8.4.1. risk of premenopausal breast cancer per 500
grams increase in birthweight (RR 1.05 [95%
Cl 1.02-1.09]; n > 3,135) (see Figure 5.12).

No heterogeneity was observed.

Also, for information on mechanisms that
could plausibly influence the risk of cancer,
see Appendix 2.

All studies included in the dose-response

Please note that the information on mechanisms  meta-analysis adjusted for age; some also

included in the following subsections and in the
appendix supersedes that in CUP cancer reports
published before this Third Expert Report.

adjusted for reproductive factors and adult
BMI. For information on the adjustments made
in individual studies, see CUP breast cancer
SLR 2017, Table 618.

5.2.1 Breast (premenopause)

5.2.1.2 Published pooled analyses and
meta-analyses

(Also see CUP breast cancer report 2017:
Section 7.12 and CUP breast cancer SLR
2017: Section 8.4.1.) One published pooled analysis and one other
published meta-analysis on birthweight and

The evidence for premenopausal breast cancer  the risk of premenopausal breast cancer was

is presented in the following subsections.

For information on postmenopausal breast
cancer, see CUP breast cancer SLR 2017,

Section 8.4.1.

identified. The published pooled analysis
reported no statistically significant increase

or decrease in risk overall and was included

in the CUP dose-response meta-analysis [176].

Figure 5.12: CUP dose-response meta-analysis*2 for the risk of premenopausal

breast cancer, per 500 grams increase in birthweight

Per 500g

Author Year RR (95% ClI) % Weight
Hajiebrahimi 2013 E 1.00 (0.84, 1.21) 2.85
dos Santos Silva 2008 —II— 1.04 (0.99, 1,09) 41.53
Michels 2006 —4:'— 1.06 (0.99, 1.14) 19.95
Ahlgren 2004 _.._ 1.07 (1.02, 1.13) 35.68
Overall (I-squared = 0.0%, p = 0.846) <o 1.05 (1.02, 1.09) 100.00
NOTE: Weights are from random effects analysis i

I I

.828 1

1.21

Source: Hajiebrahimi, 2013 [175]; dos Santos Silva, 2008 [176]; Michels, 2006 [177]; Ahlgren, 2004 [178].

1 Nine studies could not be included in the dose-response meta-analysis, seven were excluded from the pooled analysis [176] due to methodological
issues, one from another pooled analysis [179] due to one of the studies being included in dos Santos Silva 2008 [176] and one did not provide sufficient
information. For further details, see CUP breast cancer SLR 2017, page 2095.

2 The CUP dose-response meta-analysis included one pooled analysis (dos Santos Silva, 2008 [176]), which included 13 (8 cohort and 5 case-control

studies) of the identified studies.
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The published meta-analysis included cohort
and case-control studies and reported no
significant increase or decrease in risk
when comparing the highest with the lowest
birthweight [180].

5.2.1.3 Mechanisms

The information on mechanisms is based
on both human and animal studies, with

a preference for human studies whenever
possible. This section covers the primary
hypotheses that currently prevail and is not
based on a systematic or exhaustive search
of the literature.

For further information on general processes
involved in the development of cancer, see
The cancer process.

There are many general mechanisms, such
as long-term programming of hormonal
systems, which could possibly increase
cancer risk and can be marked by variation in
birthweight. Greater birthweight is associated
with higher circulating maternal oestrogen
levels and may increase IGF-I activity; low
birthweight raises fetal and maternal levels
of IGF-I binding protein [181]. The action of
both oestrogens and IGF-I are thought to be
important in fetal growth and very early fetal
mammary gland development and play a

role in the initiation and promotion of breast
cancer [182]. Animal experiments also provide
evidence that exposure to oestrogens during
fetal and early postnatal development can
increase the risk of mammary cancers [183].
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5.2.1.4 CUP Panel’s conclusion

The evidence was generally consistent and the
CUP dose-response meta-analysis showed

a statistically significant increased risk of
premenopausal breast cancer with increasing
birthweight. No heterogeneity was observed.
There is robust evidence for mechanisms
operating in humans.

The CUP Panel concluded:

® The factors that lead to a greater
birthweight, or its consequences, are
probably a cause of premenopausal
breast cancer.

6. Comparison with the 2007
Second Expert Report

In 2007, there was strong evidence that
developmental factors leading to greater
growth in length in childhood (marked by
adult attained height) increase the risk of four
cancers (pancreas, colorectum, breast and
ovary). The evidence for all of those cancers
has remained strong. There is new strong
evidence that the risk is also increased for four
other cancers (endometrium, prostate, kidney
and malignant melanoma), bringing the total
to eight cancers.

As in 2007, there is strong evidence that
factors that lead to a greater birthweight,
or its consequences, increase the risk of
premenopausal breast cancer.


http://wcrf.org/cancer-process
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Glossary

Adenocarcinoma
Cancer of glandular epithelial cells.

Adipose tissue
Body fat. Tissue comprising mainly cells containing triglyceride (adipocytes). It acts as an energy
reserve, provides insulation and protection, and secretes metabolically active hormones.

Adiposity
Degree of body fatness; can be measured indirectly in a variety of ways including body mass
index (see body mass index) and percentage body fat.

Adjustment
A statistical tool for taking into account the effect of known confounders (see confounder).

Anthropometric measures
Measures of body dimensions.

Basal cell carcinoma

A type of cancer of the basal cells at the bottom of the epidermis. The most common form of skin
cancer. Basal cell carcinomas are usually found on areas of the body exposed to the sun. They
rarely metastasise (spread) to other parts of the body.

Body mass index (BMI)
Body weight expressed in kilograms divided by the square of height expressed in metres
(BMI = kg/m?2). Provides an indirect measure of body fatness.

Caecum
A pouch connected to the junction of the small and large intestines.

Carcinogen
Any substance or agent capable of causing cancer.

Carcinoma
Malignant tumour derived from epithelial cells, usually with the ability to spread into the
surrounding tissue (invasion) and produce secondary tumours (metastases).

Case-control study

An epidemiological study in which the participants are chosen on the basis of their disease or
condition (cases) or lack of it (controls), to test whether distant or recent history of an exposure
such as tobacco smoking, genetic profile, alcohol consumption or dietary intake is associated
with the risk of disease.

Chronic
Describing a condition or disease that is persistent or long lasting.

@ Height and birthweight and the risk of cancer 2018



Clear cell renal cell carcinoma (CCRCC)
The most common type of kidney cancer in adults, characterised by malignant epithelial cells
with clear cytoplasm.

Cohort study

A study of a (usually large) group of people whose characteristics are recorded at recruitment
(and sometimes later) and followed up for a period of time during which outcomes of interest
are noted. Differences in the frequency of outcomes (such as disease) within the cohort are
calculated in relation to different levels of exposure to factors of interest — for example, tobacco
smoking, alcohol consumption, diet and exercise. Differences in the likelihood of a particular
outcome are presented as the relative risk, comparing one level of exposure with another.

Colon
Part of the large intestine extending from the caecum to the rectum.

Confidence interval (Cl)

A measure of the uncertainty in an estimate, usually reported as 95% confidence interval (Cl),
which is the range of values within which there is a 95% chance that the true value lies. For
example, the association of tobacco smoking and relative risk of lung cancer may be expressed
as 10 (95% Cl 5-15). This means that the estimate of the relative risk was calculated as 10 and
that there is a 95% chance that the true value lies between 5 and 15.

Confounder/confounding factors

A variable that is associated with both an exposure and a disease but is not in the causal pathway
from the exposure to the disease. If not adjusted for within a specific epidemiological study,

this factor may distort the apparent exposure—disease relationship. An example is that tobacco
smoking is related both to coffee drinking and to risk of lung cancer, and thus unless accounted
for (adjusted) in studies, might make coffee drinking appear falsely as a cause of lung cancer.

Diet, nutrition and physical activity

In the CUP, these three exposures are taken to mean the following: diet, the food and drink
people habitually consume, including dietary patterns and individual constituent nutrients as well
as other constituents, which may or may not have physiological bioactivity in humans; nutrition,
the process by which organisms obtain energy and nutrients (in the form of food and drink) for
growth, maintenance and repair, often marked by nutritional biomarkers and body composition
(encompassing body fatness); and physical activity, any body movement produced by skeletal
muscles that requires energy expenditure.

Deoxyribonucleic acid (DNA)
The double-stranded, helical molecular chain found within the nucleus of each cell, which carries
the genetic information.

Dose-response
A term derived from pharmacology that describes the degree to which an association or effect
changes as the level of an exposure changes, for instance, intake of a drug or food.

Effect modification
Effect modification (or effect-measure modification) occurs when the effect of an exposure differs
according to levels of another variable (the modifier).
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Egger’s test
A statistical test for small study effects such as publication bias.

Endocrine
Referring to organs or glands that secrete hormones into the blood.

Endogenous
Substances or processes that originate from within an organism, tissue or cell.

Energy
Energy, measured as calories or joules, is required for all metabolic processes. Fats, carbohydrates,
proteins and alcohol from foods and drinks release energy when they are metabolised in the body.

Epithelial (see epithelium)

Epithelium
The layer of cells covering internal and external surfaces of the body, including the skin and
mucous membranes lining body cavities such as the lung, gut and urinary tract.

Exocrine
Relating to or denoting glands that secrete their products through ducts opening on to an
epithelium rather than directly into the blood.

Exposure
A factor to which an individual may be exposed to varying degrees, such as intake of a food, level
or type of physical activity, or aspect of body composition.

Familial
Relating to or occurring in a family or its members.

Germ cells
The cells that develop into eggs and sperm, through which genetic information is passed from
generation to generation.

Heterogeneity
A measure of difference between the results of different studies addressing a similar question.
In meta-analysis, the degree of heterogeneity may be calculated statistically using the I test.

High-income countries

As defined by the World Bank, countries with an average annual gross national income per capita
of US$12,236 or more in 2016. This term is more precise than and used in preference

to ‘economically developed countries’.

Hormone
A substance secreted by specialised cells that affects the structure and/or function of cells or
tissues in another part of the body.

@ Height and birthweight and the risk of cancer 2018



Hormone receptor status

Hormone receptors are proteins found in and on breast or other cells that respond to circulating
hormones and influence cell structure or function. A cancer is called oestrogen-receptor-positive
(ER+) if it has receptors for oestrogen, and oestrogen-receptor-negative (ER-) if it does not have

the receptors for oestrogen.

Hyperplasia
An increase in the number of cells in a tissue.

Insulin

A protein hormone secreted by the pancreas that promotes the uptake and utilisation of glucose,
particularly in the liver and muscles. Inadequate secretion of, or tissue response to, insulin leads
to diabetes mellitus.

Insulin-like growth factor (IGF)

Polypeptides with high sequence similarity to insulin that are part of a complex system that cells
use to communicate with their physiologic environment. IGF-I is the main mediator of growth
hormone activity.

Lactation
The production and secretion of milk by the mammary glands.

Malignancy
A tumour with the capacity to spread to surrounding tissue or to other sites in the body.

Melanoma
Malignant tumour of the skin derived from the pigment-producing cells (melanocytes).

Menarche
The start of menstruation.

Menopausal hormone therapy (MHT)
Treatment with oestrogens and progesterones with the aim of alleviating menopausal symptoms
or osteoporosis. Also known as hormone replacement therapy.

Menopause
The cessation of menstruation.

Meta-analysis
The process of using statistical methods to combine the results of different studies.

Mucinous carcinoma
A type of cancer that begins in cells that line certain internal organs and produce mucin (the main
component of mucus).

Mutation
A permanent change in the nucleotide sequence of the genome (an organism’s complete set
of DNA).
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Non-communicable diseases (NCDs)
Diseases which are not transmissible from person to person. The most common NCDs are

cancer, cardiovascular disease, chronic respiratory diseases, and diabetes.

Non-linear analysis
A non-linear dose—response meta-analysis does not assume a linear dose—response relationship
between exposure and outcome. It is useful for identifying whether there is a threshold or plateau.

Nutrient
A substance present in food and required by the body for maintenance of normal structure and
function, and for growth and development.

Obesity
Excess body fat to a degree that increases the risk of various diseases. Conventionally defined as
a BMI of 30 kg/m? or more. Different cut-off points have been proposed for specific populations.

Odds ratio
A measure of the risk of an outcome such as cancer, associated with an exposure of interest,
used in case-control studies; approximately equivalent to relative risk.

Oestrogen
The female sex hormone, produced mainly by the ovaries during reproductive life and also by
adipose tissue.

p53
A protein central to regulation of cell growth. The mutations of the p53 gene are important
causes wof cancer.

Papillary renal cell carcinoma
A type of cancer that forms inside the lining of the kidney tubules.

Polymorphisms
Common variations (in more than one per cent of the population) in the DNA sequence of a gene.

Pooled analysis
In epidemiology, a type of study in which original individual-level data from two or more original
studies are obtained, combined and re-analysed.

Progesterone
Female sex hormone, produced mainly by the ovaries during reproductive life and by the placenta
during pregnancy.

Relative risk (RR)
The ratio of the rate of an outcome (for example, disease (incidence) or death (mortality)) among
people exposed to a factor, to the rate among the unexposed, usually used in cohort studies.

Socioeconomic status
A combined product of social and economic status reflecting education level, personal wealth,
class and associated factors.
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Squamous cell carcinoma
A malignant cancer derived from squamous epithelial cells.

Statistical power
The power of any test of statistical significance, defined as the probability that it will reject a false
null hypothesis.

Systematic literature review (SLR)
A means of compiling and assessing published evidence that addresses a scientific question
with a predefined protocol and transparent methods.

Transitional cell carcinomas
Cancer that develops in the lining of the renal pelvis, ureter or bladder.

Height and birthweight and the risk of cancer 2018 @



References

© o & w

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.
26.

27.

World Cancer Research Fund/American Institute for Cancer Research. Food, Nutrition, Physical Activity,
and the Prevention of Cancer: a Global Perspective. Washington DC: AICR, 2007. Available from
wcerf.org/about-the-report

Paajanen TA, Oksala NK, Kuukasjarvi P, et al. Short stature is associated with coronary heart disease:
a systematic review of the literature and a meta-analysis. Eur Heart J 2010; 31: 1802-9.

World Health Organization (WHO). Child Growth Standards: Methods and Development. 2006.
Job JC and Quelquejay C. Growth and puberty in a fostered kindred. Eur J Pediatr 1994; 153: 642-5.
NCD Risk Factor Collaboration (NCD-RisC). A century of trends in adult human height. eLife 2016; 5: €13410.

Gunnell D, Okasha M, Smith GD, et al. Height, leg length and cancer risk: a systematic review. Epidemiol Rev
2001; 23: 313-42.

Wadsworth ME, Hardy RJ, Paul AA, et al. Leg and trunk length at 43 years in relation to childhood health, diet
and family circumstances; evidence from the 1946 national birth cohort. Int J Epidemiol 2002; 31: 383-90.

Bandera EV, Fay SH, Giovannucci E, et al. The use and interpretation of anthropometric measures in cancer
epidemiology: a perspective from the World Cancer Research Fund International Continuous Update Project.
Int J Cancer 2016; 139: 2391-7.

Karlberg J. The infancy-childhood growth spurt. Acta Paediatr Scand Suppl 1990; 367: 111-8.

Stefan N, Haring H-U, Hu FB, et al. Divergent associations of height with cardiometabolic disease and cancer:
epidemiology, pathophysiology and global implications. Lancet Diabetes Endocrinol 2016; 4: 457-67.

Ong KK and Dunger DB. Birth weight, infant growth and insulin resistance. Eur J Endocrinol 2004; 151 Suppl 3:
U131-9.

Dabelea D, Hanson RL, Lindsay RS, et al. Intrauterine exposure to diabetes conveys risks for type 2 diabetes
and obesity: a study of discordant sibships. Diabetes 2000; 49: 2208-11.

Leon DA, Lithell HO, Vagero D, et al. Reduced fetal growth rate and increased risk of death from ischaemic
heart disease: cohort study of 15 000 Swedish men and women born 1915-29. BMJ 1998; 317: 241-5.

Jaworowicz DJ, Nie J, Bonner MR, et al. Agreement between self-reported birth weight and birth certificate
weights. J Dev Orig Health Dis 2010; 1: 106-13.

Wodskou PM, Hundrup YA, Obel EB, et al. Validity of self-reported birthweight among middle-aged and elderly
women in the Danish Nurse Cohort Study. Acta Obstet Gynecol Scand 2010; 89: 1134-9.

International Agency for Research on Cancer (IARC). List of Classifications by Cancer Sites with Sufficient or
Limited Evidence in Humans: Volumes 1-120. Accessed 20/11/2017; available from http://monographs.iarc.fr/
ENG/Classification/Table4.pdf

Danaei G, Vander Hoorn S, Lopez AD, et al. Causes of cancer in the world: comparative risk assessment of
nine behavioural and environmental risk factors. Lancet 2005; 366: 1784-93.

Zalatnai A. Pancreatic cancer — a continuing challenge in oncology. Pathol Oncol Res 2003; 9: 252-63.

Kim ER and Chang DK. Colorectal cancer in inflammatory bowel disease: the risk, pathogenesis, prevention
and diagnosis. World J Gastroenterol 2014; 20: 9872-81.

Gram IT, Braaten T, Lund E, et al. Cigarette smoking and risk of colorectal cancer among Norwegian women.
Cancer Causes Control 2009; 20: 895-903.

Hahn MM, de Voer RM, Hoogerbrugge N, et al. The genetic heterogeneity of colorectal cancer predisposition —
guidelines for gene discovery. Cell Oncol (Dordr) 2016; 39: 491-510.

Haggar FA and Boushey RP. Colorectal cancer epidemiology: incidence, mortality, survival and risk factors.
Clin Colon Rectal Surg 2009; 22: 191-7.

McPherson K, Steel CM and Dixon JM. ABC of breast diseases. Breast cancer epidemiology, risk factors and
genetics. BMJ 2000; 321: 624-8.

MacMahon B. General Motors Cancer Research Prizewinners Laureates Lectures. Charles S. Mott Prize.
Reproduction and cancer of the breast. Cancer 1993; 71: 3185-8.

Kelsey JL, Gammon MD and John EM. Reproductive factors and breast cancer. Epidemiol Rev 1993; 15: 36-47.

Modan B, Chetrit A, Alfandary E, et al. Increased risk of breast cancer after lowdose irradiation. Lancet 1989;
1: 629-31.

Ronckers CM, Erdmann CA and Land CE. Radiation and breast cancer: a review of current evidence.
Breast Cancer Res 2005; 7: 21-32.

@ Height and birthweight and the risk of cancer 2018


http://www.wcrf.org/about-the-report

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.
44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Reeves GK, Beral V, Green J, et al. Hormonal therapy for menopause and breast cancer risk by histological
type: a cohort study and meta-analysis. Lancet Oncol 2006; 7: 910-8.

International Agency for Research on Cancer (IARC). IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans. Volume 100, Part A: Combined estrogen-progestogen contraceptives. 2012: 283-317.

International Agency for Research on Cancer (IARC). World Cancer Report 2008. Editors Boyle P, Levin B. Lyon:
2008.

Kufe DW. Targeting the human MUC1 oncoprotein: a tale of two proteins. Cancer Biol Ther 2008; 7: 81-4.

Jordan SJ, Webb PM and Green AC. Height, age at menarche and risk of epithelial ovarian cancer.
Cancer Epidemiol Biomarkers Prev 2005; 14: 2045-8.

Riman T, Nilsson S and Persson IR. Review of epidemiological evidence for reproductive and hormonal factors
in relation to the risk of epithelial ovarian malignancies. Acta Obstet Gynecol Scand 2004; 83: 783-95.

Brekelmans CT. Risk factors and risk reduction of breast and ovarian cancer. Curr Opin Obstet Gynecol 2003;
15: 63-8.

Rice MS, Murphy MA and Tworoger SS. Tubal ligation, hysterectomy and ovarian cancer: a meta-analysis.
J Ovarian Res 2012; 5: 13.

International Agency for Research on Cancer (IARC). IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans. Volume 72: Hormonal contraception and post-menopausal hormonal therapy. 1999.

Secretan B, Straif K, Baan R, et al. A review of human carcinogens — Part E: Tobacco, areca nut, alcohol, coal
smoke and salted fish. Lancet Oncol 2009; 10: 1033-4.

Licaj I, Lukic M, Jareid M, et al. Epithelial ovarian cancer subtypes attributable to smoking in the Norwegian
Women and Cancer Study, 2012. Cancer Med 2016; 5: 720-7.

International Agency for Research on Cancer (IARC). World Cancer Report 2003. Editors Stewart BW, Kleihues
P. Lyon: 2003.

Bell DA. Origins and molecular pathology of ovarian cancer. Mod Pathol 2005; 18 Suppl 2: S19-32.

Olsen CM, Nagle CM, Whiteman DC, et al. Obesity and risk of ovarian cancer subtypes: evidence from the
Ovarian Cancer Association Consortium. Endocr Relat Cancer 2013; 20: 251-62.

Lochen ML and Lund E. Childbearing and mortality from cancer of the corpus uteri. Acta Obstet Gynecol Scand
1997; 76: 373-T.

Amant F, Moerman P, Neven P, et al. Endometrial cancer. Lancet 2005; 366: 491-505.

Hardiman P, Pillay OC and Atiomo W. Polycystic ovary syndrome and endometrial carcinoma. Lancet 2003; 361:
1810-2.

Rieck G and Fiander A. The effect of lifestyle factors on gynaecological cancer. Best Pract Res Clin Obstet
Gynaecol 2006; 20: 227-51.

Cramer DW. The epidemiology of endometrial and ovarian cancer. Hematol Oncol Clin North Am 2012; 26: 1-12.

Volanis D, Kadiyska T, Galanis A, et al. Environmental factors and genetic susceptibility promote urinary
bladder cancer. Toxicol Lett 2010; 193: 131-7.

Win AK, Reece JC and Ryan S. Family history and risk of endometrial cancer: a systematic review and meta-
analysis. Obstet Gynecol 2015; 125: 89-98.

Lu KH and Daniels M. Endometrial and ovarian cancer in women with Lynch syndrome: update in screening and
prevention. Fam Cancer 2013; 12: 273-7.

Crosbie EJ, Zwahlen M, Kitchener HC, et al. Body mass index, hormone replacement therapy and endometrial
cancer risk: a meta-analysis. Cancer Epidemiol Biomarkers Prev 2010; 19: 3119-30.

Gronberg H, Isaacs SD, Smith JR, et al. Characteristics of prostate cancer in families potentially linked to the
hereditary prostate cancer 1 (HPC1) locus. JAMA 1997; 278: 1251-5.

International Agency for Research on Cancer (IARC). IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans. Volume 100, Part B: Biological agents, Schistosoma haematobium 2009: 371-84.

Al Olama AA, Kote-Jarai Z, Berndt SlI, et al. A meta-analysis of 87,040 individuals identifies 23 new
susceptibility loci for prostate cancer. Nat Genet 2014; 46: 1103-9.

Gandini S, Botteri E, lodice S, et al. Tobacco smoking and cancer: a meta-analysis. Int J Cancer 2008; 122:
155-64.

Gago-Dominguez M, Yuan JM, Castelao JE, et al. Regular use of analgesics is a risk factor for renal cell
carcinoma. Br J Cancer 1999; 81: 542-8.

Marple JT, MacDougall M and Chonko AM. Renal cancer complicating acquired cystic kidney disease.
J Am Soc Nephrol 1994; 4: 1951-6.

Height and birthweight and the risk of cancer 2018 @



57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.
79.

80.

81.

82.

83.

Chow WH, Dong LM and Devesa SS. Epidemiology and risk factors for kidney cancer. Nat Rev Urol 2010; 7:
245-57.

Rini Bl, Campbell SC and Escudier B. Renal cell carcinoma. Lancet 2009; 373: 1119-32.

Meister M, Choyke P, Anderson C, et al. Radiological evaluation, management and surveillance of renal masses
in Von Hippel-Lindau disease. Clin Radiol 2009; 64: 589-600.

International Agency for Research on Cancer (IARC). IARC Monographs on the Evaluation of Carcinogenic Risks
to Humans. Volume 55: Solar and ultraviolet radiation. 1992.

Cogliano VJ, Baan R, Straif K, et al. Preventable exposures associated with human cancers. J Natl Cancer Inst
2011; 103: 1827-39.

Saladi RN and Persaud AN. The causes of skin cancer: a comprehensive review. Drugs Today (Barc) 2005; 41:
37-53.

Goldstein AM and Tucker MA. Genetic epidemiology of cutaneous melanoma: a global perspective.
Arch Dermatol 2001; 137: 1493-6.

Lahmann PH, Hughes MC, Williams GM, et al. A prospective study of measured body size and height and risk
of keratinocyte cancers and melanoma. Cancer Epidemiol 2016; 40: 119-25.

Gerstenblith MR, Rajaraman P, Khaykin E, et al. Basal cell carcinoma and anthropometric factors in the U.S.
Radiologic Technologists Cohort Study. Int J Cancer 2012; 131: E149-55.

Gunnell D, May M, Ben-Shlomo Y, et al. Height, leg length, and cancer: the Caerphilly Study. Nutr Cancer 2003;
47: 34-9.

Boursi B, Haynes K, Mamtani R, et al. Height as an independent anthropomorphic risk factor for colorectal
cancer. Eur J Gastroenterol Hepatol 2014; 26: 1422-7.

Kabat GC, Anderson ML, Heo M, et al. Adult stature and risk of cancer at different anatomic sites in a cohort
of postmenopausal women. Cancer Epidemiol Biomarkers Prev 2013a; 22: 1353-63b.

Kabat GC, Heo M, Kamensky V, et al. Adult height in relation to risk of cancer in a cohort of Canadian women.
Int J Cancer 2013b; 132: 1125-32.

Walter RB, Brasky TM, Buckley SA, et al. Height as an explanatory factor for sex differences in human cancer.
J Natl Cancer Inst 2013; 105: 860-8.

Hughes LA, Simons CC, van den Brandt PA, et al. Body size and colorectal cancer risk after 16.3 years of
follow-up: an analysis from the netherlands cohort study. Am J Epidemiol 2011; 174: 1127-39.

Oxentenko AS, Bardia A, Vierkant RA, et al. Body size and incident colorectal cancer: a prospective study
of older women. Cancer Prev Res (Phila) 2010; 3: 1608-20.

Bowers K, Albanes D, Limburg P, et al. A prospective study of anthropometric and clinical measurements
associated with insulin resistance syndrome and colorectal cancer in male smokers. Am J Epidemiol 2006;
164: 652-64.

Engeland A, Tretli S, Austad G, et al. Height and body mass index in relation to colorectal and gallbladder
cancer in two million Norwegian men and women. Cancer Causes Control 2005; 16: 987-96.

Otani T, Iwasaki M and Inoue M. Body mass index, body height, and subsequent risk of colorectal cancer in
middle-aged and elderly Japanese men and women: Japan Public Health Center-based Prospective Study.
Cancer Causes Control 2005; 16: 839-50.

Hebert PR, Ajani U, Cook NR, et al. Adult height and incidence of cancer in male physicians (United States).
Cancer Causes Control 1997; 8: 591-7.

Kato |, Akhmedkhanov A, Koenig K, et al. Prospective study of diet and female colorectal cancer: the New York
University Women’s Health Study. Nutr Cancer 1997; 28: 276-81.

Albanes D, Jones DY, Schatzkin A, et al. Adult stature and risk of cancer. Cancer Research 1988; 48: 1658-62.

The Emerging Risk Factor Collaboration. Adult height and the risk of cause-specific death and vascular
morbidity in 1 million people: individual participant meta-analysis. Int J Epidemiol 2012; 41: 1419-33.

Bray I, Gunnell D, Holly JM, et al. Associations of childhood and adulthood height and the components
of height with insulin-like growth factor levels in adulthood: a 65-year follow-up of the Boyd Orr cohort.
J Clin Endocrinol Metab 2006; 91: 1382-9.

Albanes D and Winick M. Are cell number and cell proliferation risk factors for cancer? J Natl Cancer Inst 1988;
80: 772-4.

Wiren S, Haggstrom C, Ulmer H, et al. Pooled cohort study on height and risk of cancer and cancer death.
Cancer Causes Control 2014; 25: 151-9.

Manders P, Pijpe A, Hooning MJ, et al. Body weight and risk of breast cancer in BRCA1/2 mutation carriers.
Breast Cancer Res Treat 2011; 126: 193-202.

@ Height and birthweight and the risk of cancer 2018



84. Oberg S, Cnattingius S, Sandin S, et al. Birth weight—breast cancer revisited: is the association confounded by
familial factors? Cancer Epidemiol Biomarkers Prev 2009; 18: 2447-52.

85. Iwasaki M, Otani T, Inoue M, et al. Body size and risk for breast cancer in relation to estrogen and progesterone
receptor status in Japan. Ann Epidemiol 2007; 17: 304-12b.

86. Baer HJ, Rich-Edwards JW, Colditz GA, et al. Adult height, age at attained height and incidence of breast cancer
in premenopausal women. Int J Cancer 2006; 119: 2231-5.

87. Li HL, Gao YT, Li Q, et al. [Anthropometry and female breast cancer: a prospective cohort study in urban
Shanghai]. Zhonghua Liu Xing Bing Xue Za Zhi 2006; 27: 488-93.

88. Lahmann PH, Hoffmann K, Allen N, et al. Body size and breast cancer risk: findings from the European
Prospective Investigation into Cancer and Nutrition (EPIC). Int J Cancer 2004; 111: 762-71a.

89. Weiderpass E, Braaten T, Magnusson C, et al. A prospective study of body size in different periods of life and
risk of premenopausal breast cancer. Cancer Epidemiol Biomarkers Prev 2004; 13: 1121-7.

90. Tryggvadottir L, Tulinius H, Eyfjord JE, et al. Breast cancer risk factors and age at diagnosis: an Icelandic cohort
study. Int J Cancer 2002; 98: 604-8.

91. Van den Brandt PA, Spiegelman D, Yaun SS, et al. Pooled analysis of prospective cohort studies on height,
weight and breast cancer risk. Am J Epidemiol 2000; 152: 514-27.

92. Sonnenschein E, Toniolo P, Terry MB, et al. Body fat distribution and obesity in pre- and postmenopausal
breast cancer. Int J Epidemiol 1999; 28: 1026-31.

93. Galanis DJ, Kolonel LN, Lee J, et al. Anthropometric predictors of breast cancer incidence and survival in a
multi-ethnic cohort of female residents of Hawaii, United States. Cancer Causes Control 1998; 9: 217-24.

94. Kaaks R, Van Noord PA, den Tonkelaar |, et al. Breast-cancer incidence in relation to height, weight and body-
fat distribution in the Dutch “DOM” cohort. Int J Cancer 1998; 76: 647-51.

95.  Tulinius H, Sigfusson N, Sigvaldason H, et al. Risk factors for malignant diseases: a cohort study on a
population of 22,946 Icelanders. Cancer Epidemiol Biomarkers Prev 1997; 6: 863-73.

96. Freni SC, Eberhardt MS, Turturro A, et al. Anthropometric measures and metabolic rate in association with risk
of breast cancer (United States). Cancer Causes Control 1996; 7: 358-65.

97. De Stavola BL, Wang DY, Allen DS, et al. The association of height, weight, menstrual and reproductive
events with breast cancer: results from two prospective studies on the island of Guernsey (United Kingdom).
Cancer Causes Control 1993; 4: 331-40.

98. Tornberg SA, Holm LE and Carstensen JM. Breast cancer risk in relation to serum cholesterol, serum beta-
lipoprotein, height, weight and blood pressure. Acta Oncologica 1988; 27: 31-7.

99. Amadou A, Ferrari P, Muwonge R, et al. Overweight, obesity and risk of premenopausal breast cancer according
to ethnicity: a systematic review and dose—response meta-analysis. Obes Rev 2013; 14: 665-78.

100. Barker DJ and Thornburg KL. Placental programming of chronic diseases, cancer and lifespan: a review.
Placenta 2013; 34: 841-5.

101. Rolland-Cachera MF. Rate of growth in early life: a predictor of later health? Adv Exp Med Biol 2005; 569: 35-9.

102. Trichopoulos D and Lipworth L. Is cancer causation simpler than we thought, but more intractable?
Epidemiology 1995; 6: 347-9.

103. White KK, Park SY, Kolonel LN, et al. Body size and breast cancer risk: the Multiethnic Cohort. Int J Cancer
2012; 131: ET05-E16.

104. Opdahl S, Alsaker MD, Janszky I, et al. Joint effects of nulliparity and other breast cancer risk factors.
Br J Cancer 2011; 105: 731-6.

105. Lacey JV Jr, Kreimer AR, Buys SS, et al. Breast cancer epidemiology according to recognized breast cancer
risk factors in the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial Cohort. BMC Cancer
2009; 9: 84.

106. Krebs EE, Taylor BC, Cauley JA, et al. Measures of adiposity and risk of breast cancer in older postmenopausal
women. J Am Geriatr Soc 2006; 54: 63-9.

107. Maclnnis RJ, English DR, Gertig DM, et al. Body size and composition and risk of postmenopausal breast
cancer. Cancer Epidemiol Biomarkers Prev 2004; 13: 2117-25.

108. Weiderpass E, Sandin S, Inoue M, et al. Risk factors for epithelial ovarian cancer in Japan — results from the
Japan Public Health Center-based Prospective Study cohort. Int J Oncol 2012; 40: 21-30.

109. Green J, Cairns BJ, Casabonne D, et al. Height and cancer incidence in the Million Women Study: prospective
cohort and meta-analysis of prospective studies of height and total cancer risk. Lancet Oncol 2011; 12: 785-94.

110. Chionh F, Baglietto L, Krishnan K, et al. Physical activity, body size and composition and risk of ovarian cancer.
Cancer Causes Control 2010; 21: 2183-94.

Height and birthweight and the risk of cancer 2018 @



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Lahmann PH, Cust AE, Friedenreich CM, et al. Anthropometric measures and epithelial ovarian cancer risk
in the European Prospective Investigation into Cancer and Nutrition. Int J Cancer 2010; 126: 2404-15.

Sung J, Song YM, Lawlor DA, et al. Height and site-specific cancer risk: a cohort study of a Korean adult
population. Am J Epidemiol 2009; 170: 53-64.

Baer HJ, Hankinson SE and Tworoger SS. Body size in early life and risk of epithelial ovarian cancer: results
from the Nurses’ Health Studies. Br J Cancer 2008; 99: 1916-22.

Lundqvist E, Kaprio J, Verkasalo PK, et al. Co-twin control and cohort analyses of body mass index and height
in relation to breast, prostate, ovarian, corpus uteri, colon and rectal cancer among Swedish and Finnish twins.
Int J Cancer 2007; 121: 810-8.

Lacey JV Jr, Leitzmann M, Brinton LA, et al. Weight, height and body mass index and risk for ovarian cancer
in a cohort study. Ann Epidemiol 2006; 16: 869-76.

Anderson JP, Ross JA and Folsom AR. Anthropometric variables, physical activity and incidence of ovarian
cancer: The lowa Women’s Health Study. Cancer 2004; 100: 1515-21.

Engeland A, Tretli S and Bjorge T. Height, body mass index and ovarian cancer: a follow-up of 1.1 million
Norwegian women. J Natl Cancer Inst 2003; 95: 1244-8.

Schouten LJ, Goldbohm RA and van den Brandt PA. Height, weight, weight change and ovarian cancer risk in
the Netherlands cohort study on diet and cancer. Am J Epidemiol 2003; 157: 424-33.

Rodriguez C, Calle EE, Fakhrabadi-Shokoohi D, et al. Body mass index, height and the risk of ovarian cancer
mortality in a prospective cohort of postmenopausal women. Cancer Epidemiol Biomarkers Prev 2002; 11: 822-8.

Schouten LJ, Rivera C, Hunter DJ, et al. Height, body mass index and ovarian cancer: a pooled analysis of 12
cohort studies. Cancer Epidemiol Biomarkers Prev 2008; 17: 902-12.

Collaborative Group on Epidemiological Studies on Ovarian Cancer. Ovarian cancer and body size: individual
participant meta-analysis including 25,157 women with ovarian cancer from 47 epidemiological studies.
PLoS Med 2012; 9: e1001200.

Wang Q, Bian CE, Peng H, et al. Association of circulating insulin-like growth factor 1 and insulin-like growth
factor binding protein 3 with the risk of ovarian cancer: A systematic review and meta-analysis. Mol Clin Oncol
2015; 3: 623-8.

Luo J, Margolis KL, Adami HO, et al. Obesity and risk of pancreatic cancer among postmenopausal women:
the Women’s Health Initiative (United States). Br J Cancer 2008; 99: 527-31.

Meinhold CL, Berrington de GA, Albanes D, et al. Predictors of fasting serum insulin and glucose and the risk
of pancreatic cancer in smokers. Cancer Causes Control 2009; 20: 681-90.

Berrington de GA, Yun JE, Lee SY, et al. Pancreatic cancer and factors associated with the insulin resistance
syndrome in the Korean cancer prevention study. Cancer Epidemiol Biomarkers Prev 2008; 17: 359-64.

Verhage BA, Schouten LJ, Goldbohm RA, et al. Anthropometry and pancreatic cancer risk: an illustration of the
importance of microscopic verification. Cancer Epidemiol Biomarkers Prev 2007; 16: 1449-54.

Batty GD, Shipley MJ, Langenberg C, et al. Adult height in relation to mortality from 14 cancer sites in men in
London (UK): evidence from the original Whitehall study. Ann Oncol 2006; 17: 157-66.

Berrington de GA, Spencer EA, Bueno-de-Mesquita HB, et al. Anthropometry, physical activity and the risk
of pancreatic cancer in the European Prospective Investigation into Cancer and Nutrition. Cancer Epidemiol
Biomarkers Prev 2006; 15: 879-85.

Michaud DS, Giovannucci E, Willett WC, et al. Coffee and alcohol consumption and the risk of pancreatic
cancer in two prospective United States cohorts. Cancer Epidemiol Biomarkers Prev 2001; 10: 429-37.

Genkinger JM, Spiegelman D, Anderson KE, et al. A pooled analysis of 14 cohort studies of anthropometric
factors and pancreatic cancer risk. Int J Cancer 2011; 129: 1708-17.

Batty GD, Barzi F, Woodward M, et al. Adult height and cancer mortality in Asia: the Asia Pacific Cohort Studies
Collaboration. Ann Oncol 2010; 21: 646-54.

Arslan AA, Helzlsouer KJ, Kooperberg C, et al. Anthropometric measures, body mass index and pancreatic
cancer: a pooled analysis from the Pancreatic Cancer Cohort Consortium (PanScan). Arch Intern Med 2010;
170: 791-802.

Park SL, Goodman MT, Zhang ZF, et al. Body size, adult BMI gain and endometrial cancer risk: the multiethnic
cohort. Int J Cancer 2010; 126: 490-9.

Bjorge T, Engeland A, Tretli S, et al. Body size in relation to cancer of the uterine corpus in 1 million Norwegian
women. Int J Cancer 2007; 120: 378-83.

Friedenreich C, Cust A, Lahmann PH, et al. Anthropometric factors and risk of endometrial cancer: the
European Prospective Investigation into Cancer and Nutrition. Cancer Causes Control 2007; 18: 399-413.

@ Height and birthweight and the risk of cancer 2018



136. Schouten LJ, Goldbohm RA and van den Brandt PA. Anthropometry, physical activity and endometrial cancer
risk: results from the Netherlands Cohort Study. J Natl Cancer Inst 2004; 96: 1635-8.

137. De Waard F, de Ridder CM, Baanders-van Halewyn EA, et al. Endometrial cancer in a cohort screened for
breast cancer. Eur J Cancer Prev 1996; 5: 99-104.

138. Bassett JK, Severi G, Baglietto L, et al. Weight change and prostate cancer incidence and mortality.
Int J Cancer 2012; 131: 1711-9.

139. Shafique K, McLoone P, Qureshi K, et al. Cholesterol and the risk of grade-specific prostate cancer incidence:
evidence from two large prospective cohort studies with up to 37 years’ follow up. BMC Cancer 2012; 12: 25-a.

140. Batty GD, Kivimaki M, Clarke R, et al. Modifiable risk factors for prostate cancer mortality in London: forty
years of follow-up in the Whitehall study. Cancer Causes Control 2011; 22: 311-8.

141. Stocks T, Hergens MP, Englund A, et al. Blood pressure, body size and prostate cancer risk in the Swedish
Construction Workers cohort. Int J Cancer 2010; 127: 1660-8.

142. Ahn J, Moore SC, Albanes D, et al. Height and risk of prostate cancer in the prostate, lung, colorectal and
ovarian cancer screening trial. Br J Cancer 2009; 101: 522-5a.

143. Hernandez BY, Park SY, Wilkens LR, et al. Relationship of body mass, height and weight gain to prostate cancer
risk in the multiethnic cohort. Cancer Epidemiol Biomarkers Prev 2009; 18: 2413-21.

144. Pischon T, Boeing H, Weikert S, et al. Body size and risk of prostate cancer in the European prospective
investigation into cancer and nutrition. Cancer Epidemiol Biomarkers Prev 2008; 17: 3252-61.

145. Fujino Y. Anthropometry, development history and mortality in the Japan Collaborative Cohort Study for
Evaluation of Cancer (JACC). Asian Pac J Cancer Prev 2007; 8 Suppl: 105-12.

146. Littman AJ, White E and Kristal AR. Anthropometrics and prostate cancer risk. Am J Epidemiol 2007; 165: 1271-9.

147. Gong Z, Neuhouser ML, Goodman PJ, et al. Obesity, diabetes and risk of prostate cancer: results from the
prostate cancer prevention trial. Cancer Epidemiol Biomarkers Prev 2006; 15: 1977-83.

148. Kurahashi N, lwasaki M, Sasazuki S, et al. Association of body mass index and height with risk of prostate
cancer among middle-aged Japanese men. Br J Cancer 2006; 94: 740-2.

149. Sequoia JS, Wright ME, McCarron P, et al. A prospective investigation of height and prostate cancer risk.
Cancer Epidemiol Biomarkers Prev 2006; 15: 2174-8.

150. Tande AJ, Platz EA and Folsom AR. The metabolic syndrome is associated with reduced risk of prostate cancer.
Am J Epidemiol 2006; 164: 1094-102.

151. Engeland A, Tretli S and Bjorge T. Height, body mass index and prostate cancer: a follow-up of 950,000
Norwegian men. Br J Cancer 2003; 89: 1237-42.

152. Jonsson F, Wolk A, Pedersen NL, et al. Obesity and hormone-dependent tumors: cohort and co-twin control
studies based on the Swedish Twin Registry. Int J Cancer 2003; 106: 594-9.

153. Freeman VL, Liao Y, Durazo-Arvizu R, et al. Height and risk of fatal prostate cancer: findings from the National
Health Interview Survey (1986 to 1994). Ann Epidemiol 2001; 11: 22-7.

154. Rodriguez C, Patel AV, Calle EE, et al. Body mass index, height and prostate cancer mortality in two large
cohorts of adult men in the United States. Cancer Epidemiol Biomarkers Prev 2001; 10: 345-53.

155. Davey-Smith G, Shipley MJ, Batty GD, et al. Physical activity and cause-specific mortality in the Whitehall study.
Public Health 2000; 114: 308-15.

156. Habel LA, Van Den Eeden SK and Friedman GD. Body size, age at shaving initiation and prostate cancer in
a large, multiracial cohort. Prostate 2000; 43: 136-43.

157. Putnam SD, Cerhan JR, Parker AS, et al. Lifestyle and anthropometric risk factors for prostate cancer in a
cohort of lowa men. Ann Epidemiol 2000; 10: 361-9.

158. Schuurman AG, Goldbohm RA, Dorant E, et al. Anthropometry in relation to prostate cancer risk in the
Netherlands Cohort Study. Am J Epidemiol 2000; 151: 541-9.

159. Lund Nilsen Tl and Vatten LJ. Anthropometry and prostate cancer risk: a prospective study of 22,248
Norwegian men. Cancer Causes Control 1999; 10: 269-75.

160. Andersson SO, Wolk A, Bergstrom R, et al. Body size and prostate cancer: a 20-year follow-up study among
135006 Swedish construction workers. J Natl Cancer Inst 1997; 89: 385-9.

161. Cerhan JR, Torner JC, Lynch CF, et al. Association of smoking, body mass and physical activity with risk of
prostate cancer in the lowa 65+ Rural Health Study (United States). Cancer Causes Control 1997; 8: 229-38.

162. Giovannucci E, Rimm EB, Stampfer MJ, et al. Height, body weight and risk of prostate cancer. Cancer Epidemiol
Biomarkers Prev 1997; 6: 557-63.

163. Veierod MB, Laake P and Thelle DS. Dietary fat intake and risk of prostate cancer: a prospective study of
25,708 Norwegian men. Int J Cancer 1997; 73: 634-8.

Height and birthweight and the risk of cancer 2018 @



164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Le Marchand L, Kolonel LN, Wilkens LR, et al. Animal fat consumption and prostate cancer: a prospective
study in Hawaii. Epidemiology 1994; 5: 276-82.

Thune | and Lund E. Physical activity and the risk of prostate and testicular cancer: a cohort study of 53,000
Norwegian men. Cancer Causes Control 1994; 5: 549-56.

Zuccolo L, Harris R, Gunnell D, et al. Height and prostate cancer risk: a large nested case-control study
(ProtecT) and meta-analysis. Cancer Epidemiol Biomarkers Prev 2008; 17: 2325-36.

Travis RC, Appleby PN, Martin RM, et al. A meta-analysis of individual participant data reveals an association
between circulating levels of IGF-I and prostate cancer risk. Cancer Research 2016; 76: 2288-300.

Setiawan VW, Stram DO, Nomura AM, et al. Risk factors for renal cell cancer: the Multiethnic cohort.
Am J Epidemiol 2007; 166: 932-40.

Pischon T, Lahmann PH, Boeing H, et al. Body size and risk of renal cell carcinoma in the European Prospective
Investigation into Cancer and Nutrition (EPIC). Int J Cancer 2006; 118: 728-38.

Bjorge T, Tretli S and Engeland A. Relation of height and body mass index to renal cell carcinoma in two million
Norwegian men and women. Am J Epidemiol 2004; 160: 1168-76.

Giovannucci E, Rimm EB, Liu Y, et al. Height, predictors of C-peptide and cancer risk in men. Int J Epidemiol
2004; 33: 217-25.

van Dijk BA, Schouten LJ, Kiemeney LA, et al. Relation of height, body mass, energy intake and physical activity
to risk of renal cell carcinoma: results from the Netherlands Cohort Study. Am J Epidemiol 2004; 160: 1159-67.

Kabat GC, Kim MY, Hollenbeck AR, et al. Attained height, sex and risk of cancer at different anatomic sites
in the NIH-AARP diet and health study. Cancer Causes Control 2014; 25: 1697-706.

Kvaskoff M, Bijon A, Mesrine S, et al. Anthropometric features and cutaneous melanoma risk: a prospective
cohort study in French women. Cancer Epidemiol 2014; 38: 357-63.

Hajiebrahimi M, Bahmanyar S, Oberg S, et al. Breast cancer risk in opposite-sexed twins: influence of birth
weight and co-twin birth weight. J Natl Cancer Inst 2013; 105: 1833-6.

dos Santos Silva S, De Stavola B and McCormack V. Birth size and breast cancer risk: re-analysis of individual
participant data from 32 studies. PLoS Med 2008; 5: €193.

Michels KB, Xue F, Terry KL, et al. Longitudinal study of birthweight and the incidence of breast cancer in
adulthood. Carcinogenesis 2006; 27: 2464-8b.

Ahlgren M, Melbye M, Wohlfahrt J, et al. Growth patterns and the risk of breast cancer in women. N Engl J Med
2004; 351: 1619-26.

Michels KB, Trichopoulos D, Robins JM, et al. Birthweight as a risk factor for breast cancer. Lancet 1996; 348:
1542-6b.

Xu X, Dailey AB, Peoples-Sheps M, et al. Birth weight as a risk factor for breast cancer: a meta-analysis of 18
epidemiological studies. J Womens Health (Larchmt) 2009; 18: 1169-78.

Troisi R, Potischman N and Hoover RN. Exploring the underlying hormonal mechanisms of prenatal risk factors
for breast cancer: a review and commentary. Cancer Epidemiol Biomarkers Prev 2007; 16: 1700-12.

Innes K, Byers T and Schymura M. Birth characteristics and subsequent risk for breast cancer in very young
women. Am J Epidemiol 2000; 152: 1121-8.

Hilakivi-Clarke L. Mechanisms by which high maternal fat intake during pregnancy increases breast cancer risk
in female rodent offspring. Breast Cancer Res Treat 1997; 46: 199-214.

Fall CH, Pandit AN, Law CM, et al. Size at birth and plasma insulin-like growth factor-1 concentrations.
Arch Dis Child 1995; 73: 287-93.

@ Height and birthweight and the risk of cancer 2018



Appendix 1: Criteria for grading evidence for cancer prevention

Adapted from Chapter 3 of the 2007 Second Expert Report [1]. Listed here are the criteria agreed by the Panel
that were necessary to support the judgements shown in the matrices. The grades shown here are ‘convincing’,
‘probable’, ‘limited - suggestive’, ‘limited - no conclusion’, and ‘substantial effect on risk unlikely'. In effect, the
criteria define these terms.

These criteria were used in a modified form for breast cancer survivors (see CUP Breast cancer survivors
report 2014).

CONVINCING (STRONG EVIDENCE)

Evidence strong enough to support a judgement of a convincing causal (or protective) relationship, which
justifies making recommendations designed to reduce the risk of cancer. The evidence is robust enough to be
unlikely to be modified in the foreseeable future as new evidence accumulates.

All of the following are generally required:
® Evidence from more than one study type.
® Evidence from at least two independent cohort studies.

® No substantial unexplained heterogeneity within or between study types or in different populations relating
to the presence or absence of an association, or direction of effect.

® Good-quality studies to exclude with confidence the possibility that the observed association results from
random or systematic error, including confounding, measurement error and selection bias.
® Presence of a plausible biological gradient (‘dose-response’) in the association. Such a gradient need

not be linear or even in the same direction across the different levels of exposure, so long as this can be
explained plausibly.

® Strong and plausible experimental evidence, either from human studies or relevant animal models, that
typical human exposures can lead to relevant cancer outcomes.

PROBABLE (STRONG EVIDENCE)
Evidence strong enough to support a judgement of a probable causal (or protective) relationship, which
generally justifies recommendations designed to reduce the risk of cancer.

All of the following are generally required:

® Evidence from at least two independent cohort studies or at least five case-control studies.

® No substantial unexplained heterogeneity between or within study types in the presence or absence of an
association, or direction of effect.

® Good-quality studies to exclude with confidence the possibility that the observed association results from
random or systematic error, including confounding, measurement error and selection bias.

® Evidence for biological plausibility.

LIMITED - SUGGESTIVE

Evidence that is too limited to permit a probable or convincing causal judgement but is suggestive of a direction
of effect. The evidence may be limited in amount or by methodological flaws, but shows a generally consistent
direction of effect. This judgement is broad and includes associations where the evidence falls only slightly
below that required to infer a probably causal association through to those where the evidence is only marginally
strong enough to identify a direction of effect. This judgement is very rarely sufficient to justify recommendations
designed to reduce the risk of cancer; any exceptions to this require special, explicit justification.
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All of the following are generally required:
® Evidence from at least two independent cohort studies or at least five case-control studies.
® The direction of effect is generally consistent though some unexplained heterogeneity may be present.

® Evidence for biological plausibility.

LIMITED — NO CONCLUSION

Evidence is so limited that no firm conclusion can be made. This judgement represents an entry level and is
intended to allow any exposure for which there are sufficient data to warrant Panel consideration, but where
insufficient evidence exists to permit a more definitive grading. This does not necessarily mean a limited
quantity of evidence. A body of evidence for a particular exposure might be graded ‘limited - no conclusion’
for a number of reasons. The evidence may be limited by the amount of evidence in terms of the number

of studies available, by inconsistency of direction of effect, by methodological flaws (for example, lack of
adjustment for known confounders) or by any combination of these factors.

When an exposure is graded ‘limited - no conclusion’, this does not necessarily indicate that the Panel has
judged that there is evidence of no relationship. With further good-quality research, any exposure graded in
this way might in the future be shown to increase or decrease the risk of cancer. Where there is sufficient
evidence to give confidence that an exposure is unlikely to have an effect on cancer risk, this exposure will be
judged ‘substantial effect on risk unlikely’.

There are also many exposures for which there is such limited evidence that no judgement is possible. In these
cases, evidence is recorded in the full CUP SLRs on the World Cancer Research Fund International website
(dietandcancerreport.org). However, such evidence is usually not included in the summaries.

SUBSTANTIAL EFFECT ON RISK UNLIKELY (STRONG EVIDENCE)

Evidence is strong enough to support a judgement that a particular food, nutrition or physical activity exposure
is unlikely to have a substantial causal relation to a cancer outcome. The evidence should be robust enough to
be unlikely to be modified in the foreseeable future as new evidence accumulates.

All of the following are generally required:

® Evidence from more than one study type.

® Evidence from at least two independent cohort studies.

® Summary estimate of effect close to 1.0 for comparison of high- versus low-exposure categories.

® No substantial unexplained heterogeneity within or between study types or in different populations.

® Good-quality studies to exclude, with confidence, the possibility that the absence of an observed
association results from random or systematic error, including inadequate power, imprecision or error in
exposure measurement, inadequate range of exposure, confounding and selection bias.

® Absence of a demonstrable biological gradient (‘dose-response’).

® Absence of strong and plausible experimental evidence, from either human studies or relevant animal
models, that typical human exposure levels lead to relevant cancer outcomes.
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Factors that might misleadingly imply an absence of effect include imprecision of the exposure assessment,
insufficient range of exposure in the study population and inadequate statistical power. Defects such as these
and in other study design attributes might lead to a false conclusion of no effect.

The presence of a plausible, relevant biological mechanism does not necessarily rule out a judgement of
‘substantial effect on risk unlikely’. But the presence of robust evidence from appropriate animal models
or humans that a specific mechanism exists or that typical exposures can lead to cancer outcomes argues
against such a judgement.

Because of the uncertainty inherent in concluding that an exposure has no effect on risk, the criteria used to
judge an exposure ‘substantial effect on risk unlikely’ are roughly equivalent to the criteria used with at least a
‘probable’ level of confidence. Conclusions of ‘substantial effect on risk unlikely’ with a lower confidence than
this would not be helpful and could overlap with judgements of ‘limited - suggestive’ or ‘limited - no conclusion’.

SPECIAL UPGRADING FACTORS

These are factors that form part of the assessment of the evidence that, when present, can upgrade the
judgement reached. An exposure that might be deemed a ‘limited - suggestive’ causal factor in the absence,
for example, of a biological gradient, might be upgraded to ‘probable’ if one were present. The application

of these factors (listed below) requires judgement, and the way in which these judgements affect the final
conclusion in the matrix are stated.

Factors may include the following:

® Presence of a plausible biological gradient (‘dose-response’) in the association. Such a gradient need
not be linear or even in the same direction across the different levels of exposure, so long as this can be
explained plausibly.

® A particularly large summary effect size (an odds ratio or relative risk of 2.0 or more, depending on the unit
of exposure) after appropriate control for confounders.

® Evidence from randomised trials in humans.

® Evidence from appropriately controlled experiments demonstrating one or more plausible and specific
mechanisms actually operating in humans.

® Robust and reproducible evidence from experimental studies in appropriate animal models showing that
typical human exposures can lead to relevant cancer outcomes.
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Appendix 2: Mechanisms

The evidence on mechanisms has been based on human and animal studies. Though not a
systematic or exhaustive search, the expert reviews represent the range of currently prevailing
hypotheses.

Adult attained height
Colorectum

The proposed mechanisms by which adult attained height is linked to risk of colorectal cancer
include greater exposure to growth factors such as growth hormone and insulin-like growth factors
(IGFs) in childhood and early adulthood [6, 80] and excess calorie consumption in early life.

Taller people have more cells and thus there is greater opportunity for mutations leading to
cancer development [81]. In addition, taller adults also have longer intestines; therefore, there
may be greater potential for DNA damage resulting from exposure to mutagenic or cancer-
promoting agents. Overall there are moderate mechanistic data supporting greater adult height
as a risk factor for colorectal cancer.

Breast (pre and postmenopause)

Adult height is directly related to the rate of growth during fetal life and childhood [100, 101].
The number of cell divisions in fetal life and childhood and age of sexual maturity are all
determined by the hormonal microenvironment (circulating plasma levels of growth factors and
oestrogens and their respective binding proteins), which is influenced by nutritional status.

Many of these mechanisms, such as early-life nutrition affecting body composition and altered
circulating and hormone profiles, can modulate the rate of tissue growth and sexual maturation.
It is therefore plausible that nutritional factors during childhood and adolescence that affect
height could also influence cancer risk. Specific tissues in taller people are exposed to higher
levels of insulin, pituitary-derived growth hormone and IGFs, and thus may have undergone more
cell divisions. This increased number of cell divisions may contribute to greater potential for error
during DNA replication, resulting in an increased risk of developing cancer [81, 102]. Therefore,
adult attained height may be a marker of inherited factors as well as fetal and childhood
experience and is also a surrogate for important nutritional exposures, which affect several
hormonal and metabolic axes and which may influence breast cancer risk.

Ovary

Adult height is determined by inherited genetic factors as well as through specific exposures,
such as nutrition and infections in utero, as well as throughout childhood and adolescence [6].
These factors may also affect ovarian cancer risk later in life through alterations in hormonal
pathways, in particular the IGF-I pathway. However, results from epidemiological studies on
circulating IGF-1 levels and ovarian cancer risk have been inconclusive [122].

Pancreas

Specific mechanisms that link greater adult height with an increased risk of pancreatic cancer
have not been clearly identified but may include those that have been proposed for other height-
related cancers. Greater adult height may be related to increased exposure to endocrine and
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metabolic patterns, such as IGFs, in childhood and early adulthood, which have been associated
with organ growth, greater cell division, and thus the risk of cancer-initiating mutations [6, 80].
In addition, taller people have more cells and thus there is greater opportunity for mutations

to arise and lead to cancer development [81].

Endometrium

Adult height is directly related to the rate of growth during fetal life and childhood [100, 101].
The number of cell divisions in fetal life and childhood, health and nutrition status in childhood,
and age of sexual maturity are all determined by the hormonal microenvironment (plasma levels
of growth factors and oestrogens and their respective binding protein), which is influenced

by nutritional status. Many of these mechanisms, such as early-life nutrition affecting body
composition and altered circulating and free hormone profiles, can modulate the rate of tissue
growth and sexual maturation. It is therefore plausible that nutritional factors that affect height
could also influence cancer risk. Specific tissues in taller people are exposed to higher levels
of insulin, pituitary-derived growth hormone and IGFs, and thus may have undergone more cell
divisions. This increased number of cell divisions may contribute to greater potential for error
during DNA replication, resulting in an increased risk of developing cancer [81, 102]. Therefore,
adult attained height is a marker of inherited factors as well as fetal and childhood experience
and is also a surrogate for important nutritional exposures, which affect several hormonal and
metabolic axes and which may influence endometrial cancer risk.

Prostate

Greater adult attained height is associated with higher risk of prostate cancer; however, specific
mechanisms that link greater adult height with higher risk of prostate cancer have not been
identified. Adult height may be viewed as a marker of factors affecting linear growth, including
nutritional and genetic factors as well as cumulative exposure to endogenous hormones such as
growth hormone and IGFs. The IGF axis plays a major role in the regulation of cell growth and
survival, and experimental studies demonstrate that increased signalling through the IGF system
can exert a pro-tumorigenic effect. Recently, a large-scale collaborative meta-analysis of studies
examining the relation between circulating IGF-1 and the incidence of prostate cancer reported

a robust, positive association between IGF-I levels and prostate cancer risk [167]. Therefore, the
IGF axis may represent a plausible mechanism linking height to prostate cancer development.
An additional proposed mechanism relates to taller people having more cells and thus there is
greater opportunity for mutations to arise and lead to cancer development [81].

Kidney

Specific mechanisms that link greater adult height with an increased risk of kidney cancer have
not been clearly identified but may include those that have been proposed for other height-related
cancers. Greater adult height may be related to increased exposure to endocrine and metabolic
patterns, such as IGFs, in childhood and early adulthood, which have been associated with organ
growth and greater cell division, and thus the risk of cancer-initiating mutations [6]. In addition,
taller people have more cells and thus there is greater opportunity for mutations to arise and lead
to cancer development [81].
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Skin (malignant melanoma and basal cell carcinoma)

The mechanisms by which higher adult attained height is linked to elevated risks of malignant
melanoma and basal cell carcinoma are unclear. Taller people have more skin cells, and thus
there is greater opportunity for mutations leading to cancer development [81]. In addition, early
life and early adulthood exposures may play a role, such as greater exposure to growth factors,
including growth hormone and IGFs, and excess calorie consumption in early life [6, 80].

Greater birthweight
Breast (premenopause)

There are many general mechanisms, such as long-term programming of hormonal systems,
which could possibly increase cancer risk and can be marked by variation in birthweight.
Greater birthweight is associated with higher circulating maternal oestrogen levels and may
increase IGF-I activity; low birthweight raises fetal and maternal levels of IGF-1 binding protein
[181]. The action of both oestrogens and IGF-I are thought to be important in fetal growth and
very early fetal mammary gland development and play a role in the initiation and promotion of
breast cancer [182]. Animal experiments also provide evidence that exposure to oestrogens
during fetal and early postnatal development can increase the risk of mammary cancers [183].

Skin (malignant melanoma)

Birthweight is a marker of certain aspects of the general fetal growth environment that may
influence the development of cancer at later life, through largely uncharacterised biological
pathways. Proposed mechanisms include larger infants having a greater number of susceptible
cells and in utero programming of IGFs such as IGF-I, which may lead to greater postnatal cellular
proliferation [184].

@ Height and birthweight and the risk of cancer 2018



Our Cancer Prevention Recommendations

Be a healthy weight
Keep your weight within the healthy range and avoid weight gain in adult life

Be physically active
Be physically active as part of everyday life — walk more and sit less

Eat a diet rich in wholegrains, vegetables, fruit and beans
Make wholegrains, vegetables, fruit, and pulses (legumes) such as beans and lentils
a major part of your usual daily diet

Limit consumption of ‘fast foods’ and other processed foods high in fat,
starches or sugars
Limiting these foods helps control calorie intake and maintain a healthy weight

Limit consumption of red and processed meat
Eat no more than moderate amounts of red meat, such as beef, pork and lamb.
Eat little, if any, processed meat

Limit consumption of sugar sweetened drinks
Drink mostly water and unsweetened drinks

Limit alcohol consumption
For cancer prevention, it’s best not to drink alcohol

Do not use supplements for cancer prevention
Aim to meet nutritional needs through diet alone

For mothers: breastfeed your baby, if you can
Breastfeeding is good for both mother and baby

After a cancer diagnosis: follow our Recommendations, if you can
Check with your health professional what is right for you

Not smoking and avoiding other exposure to tobacco and excess sun
are also important in reducing cancer risk.

Following these Recommendations is likely to reduce intakes of salt,
saturated and trans fats, which together will help prevent other
non-communicable diseases.



Managed and produced by:

/) World
Cancer
(%l Research

Fund International

wcrf.org
twitter.com/wcrfint
facebook.com/wcrfint
wcrf.org/blog

ISBN (pdf): 978-1-912259-28-1

WIRG6CUPHBW

© 2018 World Cancer Research Fund International. All rights reserved


http://www.wcrf.org
http://www.twitter.com/wcrfint
http://facebook.com/wcrfint
http://wcrf.org/int/blog

	World Cancer Research Fund Network
	Executive summary
	1.  Height and birthweight and the risk of cancer:  a summary matrix
	2.  Summary of  Panel judgements 
	3. Definitions and patterns
	3.1 Adult attained height
	3.2 Birthweight

	4.  Interpretation of the evidence
	4.1 General
	4.2 Specific

	5. Evidence and judgements
	5.1 Adult attained height
	5.2 Birthweight

	6.  Comparison with the 2007 Second Expert Report
	Acknowledgements
	Abbreviations
	Glossary
	References
	Appendix 1: Criteria for grading evidence for cancer prevention
	Appendix 2: Mechanisms
	Our Cancer Prevention Recommendations

