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Abstract

Objective: To assess the association between fasting insulin levels and breast cancer.
Design: Cross sectional study.
Participants: 3868 women aged 60–79 years.
Main outcome measure: Prevalent breast cancer (151 cases).
Results: Insulin levels were positively associated with breast cancer. The age adjusted odds ratio (95% confidence
interval) for a one unit increase in log(e) insulin levels among women without diabetes was 1.34 (1.02, 1.77). This
association was not substantively altered by adjustment for potential confounding factors (age of menopause,
hysterectomy/oophorectomy, hormone replacement use, oral contraceptive use, parity, adult social class and
smoking) or potential mediating factors (body mass index, waist to hip ratio, leg length, age at menarche and
childhood social class). Women with both long legs and higher insulin levels were at particularly increased risk, with
breast cancer prevalence being 5.7% among women in the highest thirds of both insulin levels and leg-length
compared to 1.8% among those in the lowest thirds of both. Positive associations between insulin levels and breast
cancer were found for both pre- and post-menopausal breast cancers. Fasting glucose levels, HOMA score, diabetes
and a history of gestational glycosuria or diabetes were also positively associated with breast cancer.
Conclusions: Hyperinsulinaemia is positively associated with breast cancer in this cohort of older women. This effect
may be mediated via a number of hormonal pathways acting at different stages of the life course.

Introduction

It has been hypothesised that hyperinsulinaemia is
associated with breast cancer risk and that this associ-
ation may explain the relationship between western
lifestyles and increased breast cancer occurrence [1–4].
Several mechanisms may link hyperinsulinaemia to
breast cancer. First, chronic hyperinsulinaemia results
in increased production of ovarian testosterone and
oestrogen and inhibition of hepatic production of sex
hormone binding globulin, a sex-hormonal profile that
is associated with breast cancer [3, 5]. Second, hyperin-
sulinaemia suppresses hepatic production of insulin like

growth factor binding protein-1 (IGFBP-1), and thus
increases circulating levels of insulin like growth factor-1
(IGF-1). IGF-1 has a potent mitogenic effect on breast
tissue [6] and plasma levels of IGF-1 in adulthood have
in some [7–10], though not all [11, 12], epidemiological
studies been found to be associated with breast cancer
risk. Lastly, insulin itself may have a direct mitogenic
effect, either via its affinity for IGF-1 receptors, or by a
direct effect on DNA proliferation [4].
Whilst a number of small case control studies have

found type 2 diabetes and other indicators of insulin
resistance to be associated with breast cancer risk [13–
15], fewer studies have directly assessed the association
between insulin levels and breast cancer. This is impor-
tant since the proposed mechanisms for the association
are related directly to elevated levels of insulin. Three
case control studies have found either C-peptide, a
peripheral marker of insulin secretion, or insulin levels
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to be positively associated with breast cancer indepen-
dently of waist–hip ratio, body mass index and other
potential confounding or mediating factors [1, 8, 16].
However, a recent prospective analysis of participants in
the Atherosclerosis Risk in the Community (ARIC)
study found that fasting insulin was not associated with
breast cancer [17]. The participants in that study were
relatively young (45–64 years), and although the authors
did not report how many cases were pre-menopausal, it
is likely that a large proportion were. It is possible that
associations are stronger with post-menopausal cancers,
which have been found more consistently than pre-
menopausal cases to be associated with obesity [4, 18,
19].
From a health care perspective not only is it impor-

tant to establish whether hyperinsulinaemia is associated
with breast cancer, it is also important to establish the
pathways that link insulin to breast cancer [19]. For
example, insulin resistance and the associated hyperin-
sulinaemia may explain the association between post-
menopausal obesity and breast cancer risk [4, 18], in
which case interventions aimed at reducing obesity in
adulthood would be important in breast cancer preven-
tion. Alternatively, it has been suggested that pre-
pubertal factors, which influence insulin resistance
around the time of adolescence explain the association
with breast cancer, and that prevention should be
targeted towards childhood diet and levels of physical
activity [3]. In support of this latter hypothesis, we have
previously shown that leg-length (a biomarker of pre-
pubertal environmental factors, such as diet, that affect
linear growth [20]) is weakly positively associated with
breast cancer [21]. Leg length is, however, inversely
associated with insulin resistance in women and men [22,
23].
The aim of this study is to assess the association

between fasting insulin levels and breast cancer, and to
determine whether this association is explained by or
interacts with biomarkers of pre-pubertal exposures
(leg-length, age at menarche and childhood social class)
or adult exposures (body mass index and waist to hip
ratio).

Methods

Participants

The British Women’s Heart and Health Study comprises
4286 (60% of those invited to participate) women aged
60–79 years randomly selected from general practitioner
lists of 23 British towns [21, 22]. Ethics committee
approvals were obtained for the study and written

consent to access medical records and to flag the women
with the National Health Service Cancer Register
(NHSCR) were obtained from the participants. Partic-
ipants completed a questionnaire and attended a local
health centre where a research nurse interview, physical
examination and blood sampling were undertaken.
General practitioner (primary care) medical records
(including computer and written records of primary care
consultations, secondary care referral and discharge
letters and correspondence between outpatient clinics
and primary care) were reviewed for each participant
and details of diagnoses of cardiovascular disease,
diabetes and cancers extracted. Data were collected
between April 1999 and March 2001 and full details of
methods have been previously reported [21, 22].

Measurements

Three sources of data were used to determine breast
cancer status: (i) women were asked if they had ever
been told by a doctor that they had breast cancer and if
so the date of diagnosis; (ii) diagnoses of breast cancer
together with dates were extracted from the general
practitioner medical records (including written records,
computer records and hospital correspondence); and
(iii) all participants were flagged with the National
Health Service central register (NHSCR) which pro-
vided details of cancer registrations. Anyone with a
diagnosis of breast cancer from any one of these three
sources was considered to be a prevalent case. Flagging
of participants with the NHSCR was continuous, and is
still ongoing, from the time of the baseline fieldwork
(completed in March 2001). We included all cases from
the NHSCR that were reported to us by the NHSCR up
to May 2003 (the time of the current analyses) and that
had been diagnosed prior to the date that the woman
attended for baseline study examination and blood
sampling. Thus, this study is of prevalent breast cancer
cases all of which had been diagnosed prior to blood
sampling. The median time interval between diagnosis
of breast cancer and blood sampling for participants
with breast cancer in this study was 6 years with a range
of 0.5–36 years; 25% of those with breast cancer had
been diagnosed within 1 year of having the blood
sampling. Cases were defined as pre- and post-meno-
pausal based on self-report of age at menopause and the
date of first diagnosis of breast cancer obtained from the
GP record, cancer register or, if not available from these
two sources, self-report (n ¼ 11). For women who had
had an oophorectomy prior to their natural menopause
the date of the oophorectomy was taken as their date of
menopause. For women who had had a hysterectomy
without oophorectomy prior to their natural menopause
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their age of menopause was assumed to be the median of
the cohort – 50 years (n ¼ 11 breast cancer cases), and
for women with breast cancer who did not provide
details of their age at menopause their age at menopause
was assigned 50 years (n ¼ 3).
Blood samples, for the whole cohort, were taken at

the baseline examination after a minimum 6 h fast using
evacuated tubes. Serum insulin was measured using an
ELISA assay which does not cross react with proinsulin
[24]. Fasting glucose was also measured and HOMA
scores (a measure of insulin resistance) calculated as the
product of fasting glucose (mmol/l) and insulin (lU/ml)
divided by the constant 22.5. Diabetes was defined as
anyone with a primary care medical record of a
diagnosis of diabetes or treatment with oral hypogly-
caemics or insulin and/or anyone with a self-report of a
doctor diagnosis of diabetes (97% of cases were iden-
tified from both primary care records and self-report).
Standing height was measured without shoes using a

Harpenden Stadiometer which recorded to the nearest
millimetre. Weight was measured in light clothing
without shoes to the nearest 0.1 kg using Soenhle
portable scales. Body mass index was calculated as the
weight in kilograms divided by height in meters squared.
Waist measurements were taken using the mid-point
between the lowest rib and iliac crest and hip measure-
ments using the largest circumference below the waist. A
flexible metal tape was used and two measurements
taken to the nearest millimetre.
Age at menopause, age at menarche, parity, sex and

birth weight of offspring, diagnoses of diabetes and
glycosuria during pregnancy, current and past use of
hormone replacement therapy and past use of oral
contraception, history of a hysterectomy and/or ooph-
orectomy, and smoking history were obtained from the
self completed questionnaire and/or the research nurse
interview [21, 22, 25]. All participants were requested to
bring their medications to the research nurse interview
and a full drugs history was taken. Adult social class was
defined on the basis of the longest held occupation of
her husband for married women and her own longest
held occupation for single women, childhood social class
was defined on the basis of the longest held occupation
of the participants father, and both were classified
according to the Registrar General’s classification [26].

Statistical analysis

Means and prevalences of insulin, diabetes and other
characteristics are presented for women with breast
cancer and those without breast cancer and Student’s t
test and v2 statistics were used to assess differences in the
distributions of these characteristics between women

with and without breast cancer. Multiple logistic regres-
sion was used to assess the associations of insulin,
glucose, HOMA scores, diabetes, self-report of gesta-
tional glycosuria or diabetes and having an offspring
who was macrosomic (birth weight ‡ 4500 g) with
breast cancer, with adjustment for potential confound-
ing (age, use of oral contraception, use of hormone
replacement, age at menopause, parity) or mediating
variables (body mass index, waist to hip ratio, leg
length, age at menarche, childhood social class). In these
models age, age at menarche, age at menopause, body
mass index and waist to hip ratio were entered as
continuous variables. Hysterectomy and/or oophorec-
tomy (yes, no), use of hormone replacement therapy
(current, past, never), every use of oral contraception
(yes, no), parity (0, 1, 2, 3, 4, ‡5), adult and childhood
social class (I, II, III non-manual, III manual, IV, V)
and smoking (never, ex and current) were entered as
dummy variables so that no assumptions concerning
linearity were made. Of the 4286 women 425 could not
be assigned an adult social class and 545 could not be
assigned to a childhood social class because they did not
provide data on occupation. Although the participants
were not specifically asked about unemployment these
women are likely to have been married to unemployed
men (for those with missing adult data) and had fathers
who were unemployed (for those with missing childhood
data). This is consistent with the findings that women
without these data on social class were more likely to
smoke, more likely to be obese, were shorter and were
more likely to have prevalent coronary heart disease
than cohort members who provided these data [27]. In
the main analysis women with missing social class data
were allocated to social class V, the most deprived
group. A sensitivity analysis was conducted in which
these women were excluded from the analysis. These
results did not differ substantively from the main
analyses and have not been presented in this paper. To
determine whether there was an interaction between
insulin and leg length (i.e., whether for example women
with longer legs, indicative of greater linear growth and
possibly greater exposure to IGF-1 in childhood, and
also greater insulin exposure in adulthood were at
particularly increased risk of breast cancer), both
variables were categorised into thirds and the prevalence
of breast cancer across these thirds were assessed. A
likelihood ratio test was used to assess statistical
evidence for an interaction. Insulin and glucose levels
and HOMA scores were positively skewed but were
log normal; geometric means are presented and the
natural logarithms of the values were used in all regres-
sion models. In all analyses robust standard errors,
taking into account possible non-independence between
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women from the same town, were used to estimate
confidence intervals. All analyses were conducted using
Stata version 8.0 (Stata corporation, Texas 2002).

Results

The prevalence of breast cancer among women who
were invited to take part in the study but did not
respond was obtained from GP record reviews in 21 of
the 23 practices – the proportion of general practice
recorded breast cancer did not differ between responders
and non-responders (3.1% (95% confidence interval 2.6,
3.7%) versus 2.8% (2.2, 3.5%), p ¼ 0.7). Of the 4286
women 3868 (90%) had adequate fasting blood samples
for insulin and glucose assessment; all subsequent
analyses are undertaken on these 3868 women only.
There were no differences in age, breast cancer, body
mass index, waist to hip ratio, systolic blood pressure or
social class distributions between those with these data
and those who did not have these data (all p values
>0.2). Of these 3868 women, 151 had breast cancer
ascertained from at least one source, giving an overall
prevalence of 3.9% (95% confidence interval 3.3–4.6%).
The majority (89%) of these cases were identified from
at least two sources. The age distribution of women with

cancer identified by each source were similar – mean
(standard deviation) age of women with breast cancer
identified by self-report 68.5 (5.3), identified by medical
record review 68.4 (5.3) and identified by cancer register
68.6 (5.3). Of the 151 cases 36 (23.8%) were pre-
menopausal and 115 (76.2%) were post-menopausal. Of
the 3868 women included in the analyses 203 (5.3%) had
clinically diagnosed diabetes. For all analyses concern-
ing fasting insulin, glucose and HOMA scores these
women were excluded.
Table 1 shows mean fasting insulin, glucose, HOMA

scores, diabetes prevalence and the distributions of other
characteristics of the women by their breast cancer
status. Women with breast cancer had higher fasting
insulin and glucose levels and higher HOMA scores than
those without breast cancer, and were more likely to
have diabetes, or to have experienced gestational diabe-
tes or glycosuria in pregnancy. Neither adult central
(waist to hip ratio) nor general (body mass index)
obesity were strongly associated with breast cancer
status. Age at menarche was not associated with breast
cancer status, but women with breast cancer had an
older age of menopause, were less likely to have had a
hysterectomy and/or oophorectomy, were more likely to
have ever used hormone replacement and were more
likely to be nulliparous. Ever use of oral contraception

Table 1. Characteristics of women, aged 60–79 years, with and without breast cancer

Women with

breast cancer (n = 147)

Women without

breast cancer (n = 3690)

p

Continuous variables: means (SD)

Age (years) 68.5 (5.3) 68.9 (5.5) 0.4

Fasting insulin (lU/ml)a 1.90 (1.80, 2.00) 1.77 (1.76, 1.79) 0.03

Fasting glucose (mmol/l)a 6.09 (5.89, 6.29) 5.90 (5.87, 5.93) 0.07

HOMA scorea 1.86 (1.67, 2.05) 1.65 (1.62, 1.70) 0.05

Age at menarche (years) 13.3 (1.9) 13.3 (1.7) 0.7

Age at menopause (years) 49.0 (5.4) 48.1 (5.9) 0.05

Body mass index (kg/m2) 28.1 (5.6) 27.6 (5.0) 0.21

Waist to hip ratio (as a %) 81.92 (6.15) 81.89 (6.84) 0.9

Total height (mm) 1598.5 (53.3) 1585.9 (64.2) 0.02

Leg length (mm) 762.5 (37.3) 757.2 (41.3) 0.11

Dichotomous variables: percentage (95% CI)

Diabetes 9.6 (5.7, 15.5) 6.7 (5.9, 7.6) 0.17

Gestational glycosuria or diabetes 4.9 (1.9, 9.3) 2.8 (2.3, 3.4) 0.23

Offspring with macrosomia 1.9 (0.5, 6.2) 1.4 (1.0, 1.8)) 0.76

Nulliparity 14.3 (9.5, 20.9) 8.8 (7.9, 9.7) 0.02

Hysterectomy and/or oophorectomy 23.6 (27.2, 30.1) 28.6 (27.2, 30.1) 0.18

Ever use of HRT 21.0 (15.0, 28.6) 14.6 (13.4, 15.9) 0.04

Ever use of oral contraception 28.1 (21.2, 36.1) 23.9 (22.5, 25.3) 0.3

Adult manual social class 53.4 (45.0, 61.0) 56.4 (54.8, 58.0) 0.4

Childhood manual social class 77.6 (70.1, 83.6) 80.0 (78.6, 81.1) 0.5

Ever smoke 49.7 (42.2, 57.2) 50.7 (49.2, 52.2) 0.8

a Geometric means (95% confidence intervals). SD: standard deviation; CI: confidence interval; HRT: hormone replacement therapy.
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was also slightly greater among women with breast
cancer. Neither childhood nor adult social class were
strongly associated with breast cancer status, but there
was a tendency for women with breast cancer to have
longer legs and to be taller. Smoking status was not
strongly associated with breast cancer status.
Table 2 shows the associations between fasting insulin

and breast cancer with adjustment for potential con-
founding and mediating variables. This table contains
results for women without diabetes (n ¼ 3665). Since
there were some missing data for some of the potential
confounding or mediating variables the age adjusted
odds ratio for only those women with complete data on
the particular variable that is being included in the fully
adjusted model was assessed. In this way one can be
clear that any effect of adjustment is not due to analyses
being performed on a sub-group of those included in the
age adjusted model. The distribution of breast cancer
did not differ between those with complete data and
those with missing data for any of the variables. Among
all of the women without diabetes the age adjusted odds
ratio for a one unit increase in log(e) insulin was 1.34
(95% confidence interval, 1.02, 1.77). None of the age
adjusted associations in each sub-group with complete
data on the variable(s) adjusted for differed from this
age adjusted estimate for all participants: point esti-
mates were all between 1.32 and 1.37. The positive age-
adjusted association between fasting insulin and breast
cancer was not substantively altered by adjustment for
any of the other potential confounding or mediating

variables. Among the sub-group with complete data on
all potential confounding and mediating factors
(n ¼ 2985) the age adjusted odds ratio for an increase
of one unit of log(e) insulin level was 1.32 (0.98, 1.76),
with adjustment for all potential confounding and
mediating variables this increased slightly to 1.35
(1.00, 1.81). An increase of one log(e) unit of insulin is
a large increase; the age adjusted odds ratio for an
increase of one quarter of the distribution of fasting
insulin (i.e. going from the lowest quarter to the second,
or second to the third, or third to highest quarter)
among all women without diabetes (n ¼ 3665) was 1.17
(1.01, 1.36).
Breast cancer prevalence was greatest among women

who had both high insulin levels and who had longer
legs, being 5.7% among those in the highest thirds of
both insulin level and leg-length compared to 1.8%
among those in the lowest thirds of both (Figure 1). In
logistic regression models fasting insulin and leg-length
combined multiplicatively, with a model including both
of these explanatory variables being a better fit of the
breast cancer outcome than models including just one of
them. There was no evidence to suggest a statistical
interaction (p ¼ 0.6) – that is insulin and leglength did
not appear to combine with a greater than multiplicative
effect.
Of the 151 women with prevalent breast cancer 49

were taking tamoxifen at the time of their examination
and blood testing. When these 49 were excluded from
the analysis the association between fasting insulin levels

Table 2. Association of fasting insulin with breast cancer, with adjustment for potential mediating and confounding factors, among women

without diabetes

Fully (age and variable in first column) adjusted

odds ratio of breast cancer for an increase in a

one unit log(e) insulin

Potential confounders included in fully adjusted model

Age menopause 1.32 (0.99, 1.75)

Hysterectomy/oophorectomy 1.34 (1.01, 1.77)

HRT use 1.34 (1.01, 1.77)

Ever use oral contraception 1.36 (1.03, 1.81)

Parity 1.33 (1.01, 1.76)

Adult social class 1.35 (1.02, 1.78)

Cigarette smoking 1.34 (1.02, 1.77)

Potential mediators included in fully adjusted model

Body mass index 1.32 (1.00, 1.80)

Waist to hip ratio 1.38 (1.02, 1.85)

Childhood social class 1.35 (1.02, 1.78)

Age menarche 1.36 (1.03, 1.81)

Leg length 1.37 (1.03, 1.81)

Total height 1.36 (1.03, 1.80)

All potential confounding and mediating variable

Fully adjusted for age and all potential confounding and mediating factors as listed above 1.35 (1.00, 1.81)
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and breast cancer was essentially unchanged: 1.37 (0.95,
1.95). When associations with post-menopausal and pre-
menopausal cancers were estimated separately the
positive association of fasting insulin was found for
both cancer types, although the reduced numbers of
cases in these analyses make the results imprecise. The
age adjusted odds ratio for an increase of one unit of log
insulin was 1.24 (0.71, 2.19) comparing pre-menopausal
cancers to having no cancer (n ¼ 36) and 1.36 (0.99,
1.89) comparing post-menopausal cancer to no cancer
(n ¼ 115), p for difference between these ¼ 0.14.
There was a linear association across quarters of

fasting insulin and women with diabetes (Figure 2).
Among all women the age adjusted association between

diabetes and breast cancer was 1.50 (0.85, 2.65). As with
insulin breast cancer prevalence was greatest among
those who were diabetic and in the highest third for
leg length (9.9%) compared to those who were non-
diabetic and in the lowest third for leg length (3.0%).
The association between diabetes and breast cancer was
attenuated to 1.42 (0.82, 2.59) with adjustment for body
mass index, but was not substantively affected by
adjustment for any other potential confounding or
mediating factor. The age adjusted odds ratio for a one
unit increase in log(e) HOMA score was 1.31 (0.99,
1.74), with adjustment for all potential confounding and
mediating factors this attenuated to 1.28 (0.96, 1.72). Of
the 3301 women who had at least one offspring 123
(3.7%) reported having either glycosuria during a
pregnancy or being diagnosed with gestational diabetes
(n ¼ 8). Among women with at least one offspring,
having either gestational glycosuria or diabetes was
associated with increased odds of breast cancer: age
adjusted odds ratio 1.59 (0.72, 3.49). Only 45 (1.4%) of
women with at least one offspring had a baby of birth
weight 4500 g or more; these women had a slightly
increased odds of breast cancer 1.18 (0.65, 2.17).
When all analyses were repeated using breast cancer

data from each of just one of the three sources (cancer
register, general practice medical records, self-report)
the results were unchanged.

Discussion

We have found a positive association between high
fasting insulin and breast cancer. In addition, although
some estimates were imprecise, fasting glucose, HOMA
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score, diabetes and gestational glycosuria or diabetes
were also positively associated with breast cancer risk,
suggesting that previous exposure to high circulating
insulin levels, as well as contemporary exposure, is
related to increased risk of breast cancer. There was a
positive linear association across the distribution of
fasting insulin and diabetes with breast cancer (Figure
2). These associations were not explained by potential
confounding or mediating factors, but women with both
longer legs and greater insulin levels were at particularly
high risk of having breast cancer. Leg length is a useful
biomarker of pre-pubertal exposures that affect linear
growth and may reflect levels of IGF-1 in early life [19].

Study limitations

Our response rate (60%) is moderate but the prevalences
of general practitioner recorded cases of breast cancer
were similar between responders and non-responders in
our study. Our study is cross sectional and survivor bias
may be an important limitation. Breast cancer in the
UK is associated with a survival rate of 70% over
5 years [28]. Our study may therefore exclude a number
of women with the most aggressive form of breast
cancer. This would have an important effect on the
results if insulin resistance was associated with reduced
mortality from breast cancer in which case our results,
and those of a number of case–control studies, would be
an exaggeration of the true association between insulin
resistance and breast cancer. However, in one prospec-
tive study of women with early stage breast cancer
insulin levels were found to be positively associated with
distant recurrence and mortality [29], suggesting that
survivor bias is unlikely to explain our results. Reverse
causality may explain our results if women who were
diagnosed with breast cancer became less active, more
obese and as a result more insulin resistant. Adult
obesity did not explain the association between insulin
resistance and breast cancer and only partially explained
the association between diabetes and breast cancer in
our study. Breast cancer cases were not confirmed
histologically and self-report of breast cancer may be
inaccurate. However, 89% of the cases were identified
from at least two sources, including medical records,
cancer registers or self-report, with only 8 cases being
identified solely from self-report and no other source.
Medical record and cancer register cases are likely to
have been confirmed by histological reports and when
sensitivity analyses were performed using breast cancer
data from each of just one of the three sources (cancer
register, general practice medical records, self-report)
the results were unchanged. By combining information
from all three sources it is likely that most cases have

been identified. Tamoxifen may affect liver enzymes and
hypertriglyceridaemia has been reported with its use. It
is possible therefore that the association between
hyperinsulinaemia and breast cancer may reflect an
association between tamoxifen and hyperinsulinaemia.
However, we found a positive association even when the
analyses were restricted to those women who were not
taking tamoxifen at the time of having their insulin
levels assessed. The associations between age at meno-
pause, hysterectomy/oophorectomy, hormone replace-
ment therapy use and nulliparty and breast cancer are
similar to those reported in several prospective and
case–control studies [30], providing support for our
results not being fully explained by either survivor bias
or reverse causality.

Insulin resistance, IGFs and sex hormones across the life
course and breast cancer risk

Our results are consistent with most previous studies in
this area [1, 8, 9, 16]. A case–control study nested within
the Rancho–Bernardo cohort study found no associa-
tion between either fasting insulin or C-peptide levels,
but that study was small with only 45 cases and other
established risk factors for breast cancer including
parity, age at menopause, height and body mass index
were not associated with breast cancer in that study [31].
One large prospective cohort study (ARIC) found no
association between fasting insulin levels and breast
cancer risk, though there was a positive association with
fasting glucose [17]. Although most studies suggest a
positive association, there are inconsistencies and addi-
tional large prospective studies are required to confirm a
positive association with a high level of certainty.
Figure 3 represents the pathways through which hyper-
insulinaemia and other hormonal factors across the life
course may affect breast cancer risk [32]. Further more
detailed studies with physiological, biochemical as well
as behavioural exposures from across the life course are
required to determine which of these pathways are
relevant.
Leg-length appears to be the component of height that

is most importantly influenced by pre-pubertal factors
affecting linear growth, and is influenced by infant
feeding and childhood diet [20, 33]. Both higher insulin
levels and greater leg-length [21] are associated with
increased breast cancer risk in the British Women’s
Heart and Health Study cohort. We found that the
association between hyperinsulinaemia and breast can-
cer was independent of leg length, and that women who
were in the highest distributions of both insulin levels
and leg length were at particularly high risk of breast
cancer, suggesting that these two risk factors may
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operate through different mechanisms. Greater leg-
length may predominantly reflect higher circulating
levels of IGF-1 during the pre-pubertal period, and
around the time of puberty, whereas insulin levels may
reflect life time exposure to high energy diets, and have
an direct effect on breast cancer risk through an effect on
sex hormones (as discussed above) or via a direct
mitogenic effect (Figure 3).
Growth hormone affects cellular growth through the

actions of IGFs. Serum IGF levels are also affected by
diet [34]. In children IGF-I levels are positively associ-
ated with stature and during pubertal growth periods,
IGF-I serum levels can be as high as four times the
normal adult concentration [34]. In energy-restricted
mice administration of IGF-I reverses their decreased
cancer risk [12]. However, in epidemiological studies
inconsistent findings have been reported for the associ-
ation between adult plasma levels of IGF-I and breast
cancer [7–12]. Studies of pubertal levels of IGF-1 levels
and breast cancer have not been assessed and adult
levels may not be an adequate indicator of earlier levels
particularly during growth spurts.

Implications

Our findings, together with others, suggest that hyper-
insulinaemia is associated with increased risk of breast
cancer. This effect is likely to reflect cumulative and
interacting effects with hormonal pathways involving
IGFs and sex hormones across the life course (Figure 3).

If our hypotheses are correct then they suggest that
interventions in childhood and later life aimed at
preventing insulin resistance (low energy diets and
increased levels of physical activity) are important for
preventing breast cancer. Recent increases in childhood
obesity, particularly of central obesity in girls [35], may
result in increases in breast cancer incidence. Future
research should directly assess the influence of child-
hood diet and other early life exposures on breast cancer
risk.
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