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Abstract 

Background: Mechanisms underlying the effect of estrogen exposure on breast cancer risk remain 

unclear. Insulin-like growth factor-1 (IGF-1) levels have been positively associated with breast cancer and 

are a potential mechanism. 

Objectives: The objectives of this thesis are: 1) to explore whether the reproductive risk factors and the 

lifetime cumulative number of menstrual cycles (LCMC), as measures for long-term estrogen exposure, 

are associated with IGF-1 levels, and 2) to examine the effect of an aromatase inhibitor (AI) on IGF-1 

levels, and the potential interaction with BMI.  

Methods: A cross sectional study and a randomized controlled trial nested with the MAP.3 

chemoprevention trial were used to address objective 1 and 2, respectively. 567 postmenopausal women 

were selected. Anthropometric measurements, lifestyle factors, reproductive characteristics and serum 

IGF-1 concentrations were collected at baseline and one year.  Objective 1. The LCMC was computed as 

a composite measure of the reproductive characteristics. Multivariable linear regression models were used 

to assess the association between IGF-1 levels and LCMC and the hormonal risk factors, while adjusting 

for potential covariates. Objective 2. Changes in IGF-1 were compared between the exemestane and 

placebo, and effect modification by BMI was tested with an interaction term.  

Results: Objective 1. Women aged 55 years or older at menopause had 16.26 ng/mL (95% CI: 1.76, 

30.75) higher IGF-1 compared to women aged less than 50 years at menopause. Women in the highest 

category of menstrual cycles (≥500 cycles) had an average 19.00 ng/mL (95%CI: 5.86, 32.14) higher 

concentration of IGF-1 compared to women in the lowest category (<350). Exogenous hormones had no 

effect on postmenopausal IGF-1 levels. Objective 2. Exemestane significantly increased IGF-1 levels by 

18% (95% CI: 14%-22%); while, placebo had no effect on IGF-1. The changes in IGF-1 were 
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significantly different between the treatment arms (P<0.0001) and no significant interaction was observed 

between treatment and BMI on IGF-1 changes (P=0.1327). 

Conclusion:  Objective 1. Larger number of menstrual cycles and a later age at menopause are positively 

associated with IGF-1. IGF-1 may be one mechanism by which prolonged estrogen exposure increases 

cancer risk. Objective 2. We conclude that the reduced cancer risk observed with AI therapy likely occurs 

in an IGF-1 independent mechanism. Further studies exploring the clinical consequences of increased 

IGF-1 on AI therapy are needed. 
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Chapter 1 

Introduction 

1.1 Background and Rationale 

While positive advances in breast cancer treatment and screening have led to decreases in patient 

mortality, breast cancer continues to be the most common cancer among Canadian women and the second 

leading cause of death from cancer
1
. While selective estrogen receptor modulators (SERMs) such as 

tamoxifen or raloxifene are labelled for breast cancer prevention (chemoprevention) for high risk women 

in the USA, the acceptance of these options has met limited success due to concerns of potential side 

effects, which include endometrial cancer and thromboembolic events
2
. Further understanding of the 

biological pathways that cause breast cancer may provide insight into alternative prevention strategies for 

this disease.  

One such target in breast cancer etiology is the peptide hormone, insulin-like growth factor-1 

(IGF-1). IGF-1 is essential for the growth and development of many tissues, but dysregulation of the IGF 

pathway results in neoplasia in experimental models
3
. Several epidemiological studies support the role of 

IGF-1 in breast cancer development. In a pooled analysis of 17 prospective studies, circulating IGF-1 

levels were found to be positively associated with estrogen receptor positive (ER+) breast tumors
4
, 

irrespective of menopausal status. A more recent case control study nested within the European 

Prospective Investigation into Cancer and Nutrition (EPIC) cohort corroborated the findings of the 

previous study and reported an odds ratio of 1.17 for developing ER+ breast tumours per 1-standard 

deviation increase in prediagnostic IGF-1
5
. Elevated circulating IGF-1 concentrations are therefore 

considered a biomarker of increased risk for both pre- and post-menopausal breast cancer.  

Research has implicated several hormone-related factors, such as age at menarche, parity, and 

menopause in increasing the risk of developing breast cancer. Their role in breast cancer risk has long 

been hypothesized to be a result of increased systemic exposure to ovarian hormones, such as estrogen. 
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Still, the precise physiologic mechanisms of estrogen in breast tumour initiation are not fully understood. 

A hypothesized biologic mechanism involves an increase in circulating levels of IGF-1.  

Estrogen plays a role in modifying hepatic IGF-1 production 
6,7

. However, identifying the 

direction of effect by estrogen on circulating IGF-1 levels is difficult because of considerable evidence in 

both positive and negative directions. In pre-pubertal girls, estrogen and IGF-1 levels increase 

simultaneously 
8,9

 and similarly decrease together after natural menopause 
10,11

. Estrogen has also been 

shown to increase IGF-1 mRNA expression by activating estrogen receptor α (ERα) 
12,13

. On the other 

hand, oral contraceptives and hormone replacement therapy consistently reduce IGF-1 levels 
14,15

.  

Therefore, this thesis aimed to clarify the relationship between estrogen and IGF-1, in particular, to 

distinguish between the effect of long term estrogen exposure and acute estrogen withdrawal on 

circulating IGF-1 levels.  

Several studies have examined the relationship between the reproductive risk factors, as a proxy 

for lifetime estrogen exposure, and IGF-1 concentrations in the blood, with inconsistent findings. 

Inconsistencies in these studies may have arisen due to studies overlooking an effect modification by 

menopausal status
16

 and only partially controlling for confounding. Understanding the association 

between long term estrogen exposure and IGF-1 may provide etiologic information for breast cancer 

prevention. 

Tamoxifen, a SERM that impedes estrogen signaling in the breast, is an option for 

chemoprevention and has been observed to reduce the levels of circulating IGF-1
17

. Exemestane, an 

aromatase inhibitor (AI) that inhibits the production of estrogen, is a potential alternative for breast cancer 

chemoprevention, according to expert consensus (National Comprehensive Cancer Network) that was 

based on results from a large randomized clinical trial (MAP.3) that demonstrated that  exemestane 

significantly reduced the incidence of invasive breast cancer in postmenopausal women
18

. The effect of 

exemestane on circulating IGF-1 levels in healthy postmenopausal women has not yet been studied. For 
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AIs to be used in preventive settings, having information on their effects in healthy women may be 

helpful to characterize their underlying mechanism and potential systemic effects.    

1.2 Objectives  

Given that IGF-1 is hypothesized to be a mediator of estrogen on breast cancer risk. The overall 

aim of this thesis was to better understand the relationship between estrogen and IGF-1 in healthy 

postmenopausal women. The specific objectives were:  

1. To examine the relationship between estrogen-related breast cancer risk factors, as a proxy 

for lifetime estrogen exposure, and circulating IGF-1 levels in postmenopausal women.  

2. To determine the effect of estrogen withdrawal, by inhibiting aromatase with exemestane, on 

IGF-1 concentrations in healthy postmenopausal women.   

1.3 Overview of study design  

The Canadian Cancer Trials Group (CCTG) Mammary Prevention.3 Trial (MAP.3) was a phase 

III international, double-blind, randomized controlled trial comparing exemestane with placebo for the 

reduction of invasive breast cancer 
18

. The primary results from this trial were published in 2011 and 

reported that exemestane significantly reduced the annual incidence of invasive breast cancer in 

postmenopausal women
18

. 4560 postmenopausal women at a moderately increased risk for breast cancer 

were recruited. To be eligible, participants had at least one of the following risk factors: age of 60 years or 

older; a Gail risk score greater than 1.66%; or a prior benign breast condition. Women who had hormonal 

treatment less than three months prior to randomization, were known carriers of the BRCA1 or BRCA2 

gene, had a prior malignancy, or a relevant comorbidity were excluded from the trial. 

Subjects for this current study were selected among participants of a vitamin D and breast density sub-

study of the MAP.3 Trial
19

. Participants (n=568) from the sub-study were identified from centres in 

Canada and New York
19

 and completed a detailed questionnaire ascertaining information regarding 

education, ethnicity, history of prior diseases and treatment, family history of cancer, lifestyle 

characteristics and reproductive history at baseline.  Whole blood samples were collected at their 
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respective sites on all subjects upon enrollment and approximately one year later for protocol specified 

and future research purposes and later transferred to the CCTG Pathology Coordinating Office at Queen’s 

University in Kingston, Ontario, Canada, where serum was stored at -80 degrees Celsius.  

1.4 Thesis Organization 

This thesis is organized into five chapters and conforms to the Queen’s University School of 

Graduate Studies “General Forms of Theses”.  The second chapter consists of a literature review 

describing the role of estrogen in breast cancer development, current breast cancer chemoprevention 

options, IGF-1 in the context of breast cancer development, and proposed biological mechanisms in the 

relationship between estrogen and circulating IGF-1. The third chapter is Manuscript 1, which presents an 

assessment of the relationship between reproductive risk factors, representing long term estrogen 

exposure, and IGF-1 measured at baseline. This manuscript is intended for publication in Cancer 

Epidemiology, Biomarkers and Prevention. The fourth chapter is Manuscript 2, which analyzes the effect 

of estrogen-depletion by exemestane on serum IGF-1 levels. This manuscript has been written for 

publication in the journal Breast Cancer Research and Treatment. Chapter five contextualizes both 

manuscripts with respect to the broader literature and provides a general discussion and outlines future 

directions of research. Additional information is included in the appendices. 
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Chapter 2 

Literature Review 

2.1 Breast cancer  

Breast cancer continues to be the most common cancer worldwide. In Canada, approximately 1 in 

9 women are expected to develop breast cancer during their lifetime
1
. An estimated 25 000 Canadian 

women will be diagnosed with breast cancer and 5000 are expected to die of this disease in 2015 alone. 

Although breast cancer mortality has been decreasing since the mid-1980s, likely due to advances in 

treatment and earlier detection with mammographic screening, the age-standardized incidence rates for 

breast cancer have remained unchanged over the years 
1
.  

Breast cancer is characterized by abnormal growth and proliferation of the breast epithelial cells. 

Although the precise mechanism of breast carcinogenesis is not fully established, hormones play an 

important role in breast cancer etiology. Epidemiologic and experimental evidence have implicated 

steroid hormones, such as estrogen, and growth factors, such as insulin-like growth factor-1 (IGF-1), as 

major drivers of this disease, since both of their signaling pathways are mitogenic and anti-apoptotic.  

This chapter summarizes the current literature about breast cancer etiology, where estrogen and 

IGF-1 are presented as components of a possible etiologic pathway. Specifically, this chapter describes 

the role of estrogen in breast cancer development, current breast cancer chemoprevention options, IGF-1 

in the context of breast cancer development, and proposed biological mechanisms that link estrogen and 

circulating IGF-1. 

2.2 Estrogen and breast cancer  

2.2.1 Estrogen signaling in breast cancer etiology   

Elevated levels of endogenous estrogen are associated with an increased breast cancer risk
2
. 

Animal models have repeatedly demonstrated that endogenous and exogenous estrogens can induce and 

promote breast tumor development and that performing an oophorectomy or administering an anti-
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estrogen drug can reduce the proliferative effects
3
. There are several physiological estrogens, but 17-β-

estradiol (E2) is the one most often associated with the development of breast cancer. The biological 

effects of estrogen are mediated by its binding to the estrogen receptors (ER) α and β, which are ligand-

dependent nuclear transcription factors. Both receptors have a modular structure with several distinct 

domains, including an N-terminal transcriptional activation function (AF-1) domain, a DNA-binding 

domain, a hinge region, and a ligand-dependent AF-2 domain
4
.   

ERα is the major ER subtype in the mammary epithelium that plays a critical role in breast cancer 

progression. In the classical pathway, once estrogen binds to ERα, the ligand activated complex 

translocates to the nucleus, binds to the target gene promoter and activates gene transcription
5
. ERα 

regulates gene transcription by binding directly to the promoter or by binding indirectly using other 

transcription factors such as specificity protein-1 (Sp1) and activator protein-1 (AP-1). Genes regulated 

by direct ER binding typically have an estrogen responsive element (ERE) with a consensus sequence of 

5′-GGTCAnnnTGACC-3′ in their promoters
6
. Genes regulated by indirect ER binding have promoters 

without a classical ERE. Estrogens also have nongenomic, non-transcriptional effects involving a 

membrane bound form of the estrogen receptors. These effects include activation of various protein 

kinases, such as mitogen-activated protein kinases and increasing the levels of secondary messengers, 

such as cyclic adenosine monophosphate (cAMP) 
7
.  

The estrogen receptors are also modulated by more than 20 co-regulator proteins that can either 

act as a positive or a negative transcription regulator. Depending on the conformational change that 

occurs after ligand binding, different combinations of co-regulator proteins are recruited to the ER and 

regulate its function in various ways
8,9

. The genomic and nongenomic functions of estrogen receptor 

signaling play key roles in controlling cell proliferation and inhibition of apoptosis in breast cancer
10

.    

2.2.2 Reproductive risk factors and breast cancer  

A woman’s reproductive history has long been associated with breast cancer because of its 

relation to a woman’s ovarian hormone exposure. Reproductive risk factors for breast cancer include an 



 

 

 

10 

early age at menarche and a later age at menopause, which increase the number of ovulatory cycles 

experienced over time. Women who start menstruating early in life or who have a later menopause have 

an increased risk of developing breast cancer, such that women who experience menopause after age 55 

are two times more likely to develop breast cancer than those who experience menopause before age 45
11

. 

Both of these factors increase the cumulative exposure of endogenous estrogen that the breast epithelium 

receives.  

 Epidemiologic studies have also established that parity confers a  protective effect against breast 

cancer, in particular, ER positive breast cancers
12

. Women who have children later in life are at a greater 

risk for breast cancer
13

. Having one’s first full-term pregnancy after age 35 instead of before age 20 is 

associated with a 40% increased risk for breast cancer 
14

.  Women who have at least one full-term 

pregnancy also have a reduced risk of breast cancer compared to nulliparous women
15

 . This protective 

effect increases with additional pregnancies, such that women with five or more children have half the 

breast cancer risk of nulliparous women
15

.  Breastfeeding also contributes to the protective effect 

associated with childbearing, such that the risk of breast cancer decreases by 4.3% for every 12 months of 

breastfeeding
16

. Parity-specific changes in levels of circulating hormones such as estradiol and prolactin 

may be responsible for the protective effect
3
.  Development of the lobules during pregnancy may also 

result in differentiated epithelial cells with a less proliferative character and less susceptibility to 

metastatic transformation
12

. Furthermore, ovulatory cycles cease during pregnancy and breast-feeding 

delays the return of ovulation after pregnancy and is associated with a different hormonal milieu
17

. One 

possible mechanism of these childbearing factors on breast cancer risk may be the diminishing of the 

breast's lifetime exposure to estrogens.  

Chavez-MacGregor et al
18

 summarized the previously mentioned reproductive risk factors in an 

index that measures the “lifetime cumulative number of menstrual cycles (LCMC)”. Among naturally 

menopausal women, the investigators observed an increased breast cancer risk in women with a higher 

number of cumulative menstrual cycles in their lifetime
18

, consistent with the hypothesis of an increased 
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breast cancer risk due to a longer lifetime exposure to estrogen. Although using a different methodology, 

Clavel-Chapelon et al.  also observed a similar relationship between lifetime menstrual cycles and breast 

cancer risk in a study conducted in France
19

.  It would appear that pooling markers related to estrogen 

exposure has the advantage of measuring the cumulative effects of ovarian hormone exposure in a single 

variable.  

2.2.3 Exogenous estrogens and breast cancer 

Exogenous hormones, such as the use of oral contraceptives and hormone replacement therapy, 

also contribute to an increased breast cancer risk. For women who are currently taking oral contraceptives 

(OC), the risk of breast cancer increases by a factor of 1.24; 1-4 years after stopping, the risk increases by 

a factor of 1.16; and, 5-9 years after stopping, the risk increases by a factor of 1.07 compared to women 

who have never taken oral contraceptives 
20

. There is no evidence that this excess risk continues 10 or 

more years after the use of oral contraceptives has stopped
20

.  

For women currently using hormone replacement therapy (HRT) or who have stopped using them 

1-4 years previously, the risk of breast cancer increases by a factor of 1.02 for each year of use; the risk 

then increases by a factor of 1.35 for women who have used HRT for 5 years or longer
21,22

. Hormone 

replacement therapy can either be estrogen only, progestin only, or a combination of both estrogen and 

progestin. Evidence has suggested that the combined estrogen and progestin therapy markedly increases 

the risk of breast cancer compared to that of estrogen therapy alone
23

. Interestingly, cancers diagnosed in 

women who have used hormone replacement therapy or oral contraceptives at some point in their lives 

tend to be less clinically advanced than those diagnosed in never- users
20,21

.  

2.3 Heterogeneity of breast cancer  

It is now widely recognized that breast cancer is not a single disease but rather a group of diseases 

with distinct histopathological features, genetic and genomic differences and various prognostic 

outcomes. Premenopausal and postmenopausal breast cancers are commonly accepted as different 

diseases, as certain risk factors for breast cancer are modified by menopausal status, possibly reflecting 
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different natural histories.  For example, among premenopausal women, body mass index (BMI) has an 

inverse association with breast cancer, while BMI is positively associated with breast cancer in 

postmenopausal women
24,25

. A stronger and more consistent reduction in breast cancer risk with physical 

activity is also observed in postmenopausal women compared to premenopausal women
26

. Furthermore, 

some evidence suggests that there may be a differential effect of the reproductive risk factors for 

premenopausal and postmenopausal breast cancer. Early age at menarche and later age at first full-term 

pregnancy exerts a stronger risk on premenopausal women
13

, whereas the number of full-term 

pregnancies has a stronger protective effect on postmenopausal breast cancer
27

.  

Women diagnosed with invasive breast cancer before 35 years of age have more aggressive 

cancers and have worse prognoses than cancers diagnosed in postmenopausal women
28

. Hence, 

substantial research has focused on understanding the biologic mechanisms that alter with menopause. 

The changes in hormone production that occurs with menopause is suspected to be a factor in the 

differences between premenopausal and postmenopausal breast cancers. Ovaries are the primary source of 

estrogen in premenopausal women. However, ovarian production of estrogen stops in postmenopausal 

women. The majority of estrogen is instead produced by extragonadal sites, which includes the 

mesenchymal cells of adipose tissue in the breast. In fact, estrogen levels in breast tissue are 10 to 50 

times higher than plasma levels in postmenopausal women
29

.  Acting in a paracrine or intracrine manner, 

estrogen enters the circulation only if it escapes the local metabolism and thus, is no longer primarily an 

endocrine factor
30

.  

2.4 Chemoprevention of breast cancer  

There are two complementary theories explaining the process of breast cancer carcinogenesis in 

relation to hormones. First, the estrogen excess hypothesis asserts that the risk of developing breast cancer 

is increased in women who have higher plasma levels of bioavailable estradiol that is unbound to sex-

hormone binding globulin and consequently higher breast E2 concentrations 
31

. Second, the ovarian 

androgen excess hypothesis proposes that women with elevated levels of androgenic steroid hormones, 
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specifically testosterone and 4-androstenedione
31

 have an increased risk of developing breast cancer. 

Androgens are immediate precursors for estrogen biosynthesis. In postmenopausal women, the levels of 

bioavailable androgens in plasma are a major determinant of estrogens synthesized by adipose tissue, 

which includes the breast
31

. Therefore, preventing breast cancer by inhibiting estrogen signaling or 

estrogen biosynthesis has become the focus of current research.   

Cancer chemoprevention is the use of pharmacologic or natural agents to reduce or delay the 

incidence of invasive cancer. Chemoprevention of breast cancer focuses on reducing the mitotic and anti-

apoptotic effects of estrogen signaling using endocrine therapies such as selective estrogen receptor 

modulators (SERMs) and aromatase inhibitors (AIs).  While SERMs block estrogen signaling at the ER 

in the breast, AIs inhibit the enzyme that produces estrogen and block estrogen synthesis. Thus, women 

on SERMS continue to have circulating estrogen, although inactive in the breast tissue due to estrogen 

receptor blockade by the SERMs. In contrast, women on AIs have non-detectable levels of circulating 

estrogen, since the AIs prevent the production of estrogen from androgens stored in adipose tissue.  

SERMs are a class of ER ligands that have selective agonistic or antagonistic properties 

depending on the target tissue. Randomized controlled trials have shown the SERMs tamoxifen and 

raloxifene, significantly reduce the incidence of breast cancer in woman at an increased risk for the 

disease
32–35

. A recent meta-analysis suggests that SERM’s can reduce the incidence of breast cancer by 

38%
36

. Tamoxifen was the first SERM to be approved by the FDA for preventing breast cancer, yet the 

uptake of this preventative therapy has been low since many decline tamoxifen because of its side effects, 

which include an increased risk for developing endometrial cancer, thromboembolic events, and 

menopausal symptoms
37

.  On the other hand, the alternative raloxifene which was approved by the FDA 

for chemoprevention in 2006, is an estrogen agonist in bone and lipid metabolism but an estrogen 

antagonist in the endometrium and breast tissue. The different tissue specificity of raloxifene compared to 

tamoxifen provides raloxifene with a different toxicity profile. Raloxifene, in contrast to tamoxifen, is not 
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associated with an increased risk for endometrial cancers, but is associated with an increase of 

thromboembolic events
38

.  

Tamoxifen and raloxifene act on mammary cells by recruiting co-repressors to ER target 

promoters, thereby acting as an estrogen antagonist in the breast. Conversely, tamoxifen acts as an 

estrogen agonist in uterine tissue and recruits co-activators to the ER target promoters in endometrial 

cells. This recruitment does not occur with raloxifene, which explains the neutral effect of this SERM on 

the endometrium. Shang and Brown (2002)
6
 found that the tamoxifen-ERα complex activates 

transcription in the uterus by recruiting co-activators to genes that do not have a classical ERE, and that 

this activity requires high levels of steroid receptor co-activator 1 (SRC-1). Therefore, the tissue specific 

properties of SERMs may be due to the varying local concentrations of different co-regulator proteins. 

The increased risk of adverse events and the ensuing low uptake associated with SERMs drove 

the search for safer and more effective primary prevention strategies. The Canadian Cancer Trials 

Group’s Mammary Prevention 3 (MAP. 3) trial found that the irreversible AI, exemestane, significantly 

reduced the incidence of invasive breast cancer by 65% in postmenopausal women at an increased breast 

cancer risk
39

. Recently, in another multi-institutional Phase III prevention trial, anastrozole, another 

aromatase inhibitor, effectively reduced the incidence of breast cancer in high-risk postmenopausal 

women by 50%
40

. Neither of these trials reported an excess of serious adverse events in the AI arms. The 

evidence suggest that AIs may be a preferable option for breast cancer chemoprevention in 

postmenopausal women.  

Aromatase inhibitors antagonize estrogen-dependent signaling by blocking estrogen synthesis 

through reversible or irreversible inhibition of the enzyme aromatase. Aromatase (CYP19) is the principal 

enzyme involved in producing estrogens from androgenic precursors. Aromatase is highly expressed in 

ovarian cells and at lower levels in subcutaneous fat, liver, muscle, brain, normal breast and breast-cancer 

tissue
41

, converting androstenedione and testosterone to estrone and estradiol, respectively.  

Aminoglutethimide was the first AI to be developed in the 1970s
42

. Subsequently, newer generations of 
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AIs were developed and the third-generation AIs: letrozole, anastrozole and exemestane, were found to be 

significantly more potent and had a more favourable toxicity profile than aminogluthemide
42

. Aromatase 

inhibitors are further classified as type 1 or type 2 inhibitors depending on their mechanism of action 

(Table 1). Type 1 inhibitors are steroidal analogues of androstenedione and bind irreversibly to the 

aromatase enzyme, which converts the Type 1 AIs into reactive intermediates; Type 2 inhibitors are 

nonsteroidal and bind reversibly to the heme group of the enzyme.  

Table 1 Classification of Aromatase Inhibitors (taken from Smith and Dowsett)
43

 

Generation Type 1 (Irreversible 

Steroidal Inactivator) 

Type 2 (Reversible 

Nonsteroidal Inhibitor) 

First None Aminoglutethimide 

Second Formestane Fadrozole 

Rogletimide 

Third Exemestane (Aromasin) Anastrozole (Arimidex) 

Letrozole (Femara) 

Vorozole 

2.5 Insulin-like growth factor-1 and breast cancer 

The IGF pathway has gained considerable attention in recent decades due to the increased risk of 

common cancers, such as colon
44

, breast
45,46

, and prostate
47,48

 in individuals with higher circulating levels 

of IGF-1.  IGF-1 promotes proliferation
49

, inhibits apoptosis 
50

 and stimulates transformation
49,51

 of breast 

cancer cells and represents a promising target for treatment and prevention of breast cancer. 

2.5.1 Insulin-like growth factor-1 signaling  

Insulin-like growth factor-1 (IGF-1) is both a circulating peptide hormone and a tissue growth 

factor
52

 that plays an important role in normal growth and development.  IGFs regulate cellular functions 

by interacting primarily with the IGF-1 receptor (IGF-1R), which activates various intracellular signaling 

pathways
53

. After IGF binding, IGF-1R, which has tyrosine kinase activity, phosphorylates several 

intracellular substrates, of which is insulin receptor substrate-1 (IRS-1). The phosphorylation of IRS-1 

generates docking sites for other proteins including the p85 regulatory subunit of phosphatidylinositol 3-
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kinase (PI3 kinase)
54

. Activation of PI3 kinase has been related to cell survival, activation of regulatory 

proteins involved in apoptosis
55

 and tumor cell invasion
56

. The specific cancer promoting activities of 

IGF-1 are a result of these protein-protein interactions that modulate the different signaling pathways. 

Indeed, inhibiting IGF-1 signaling by a variety of methods, including anti-IGF-1R antibodies
57

 and 

antisense oligonucleotides against IGF-1R mRNA
58

 significantly inhibit cellular proliferation. 

2.5.1.1 Insulin-like growth factor binding proteins  

IGF-1 bioactivity is modulated to a large extent by the IGF binding proteins (IGFBPs). Most of 

the IGF-1 circulates in its protein bound form, forming a complex with one of the six identified soluble 

IGFBPs, with less than 1% circulating free
59

. The first level of regulation is the efflux of circulating IGF-

1 across the capillary barrier. In the circulation, IGF-1 exists as a ternary complex with IGFBP-3 (the 

predominant IGFBP in serum) and another glycoprotein called the acid-labile subunit (ALS). Unlike free 

IGF-1, the large IGF-1/IGFBP-3/ALS complex cannot pass through the capillary barrier to target tissues 

and remains in the circulation. IGFBP-3 carries 75% or more of the serum IGF-1, while IGFBP-5, present 

at about 10% the molar concentration of IGFBP-3, forms similar ternary complexes with IGF-1
60

. The 

remaining IGF-1 bound to the other IGFBPs in binary complexes or unbound are smaller and are believed 

to cross the endothelial barrier rapidly
61

.  Therefore, a decrease in plasma IGFBP-3 levels is believed to 

increase IGF-1 bioavailability to tissue receptors. IGFBPs also modulate IGF-1 bioactivity at the target 

tissue itself by regulating the binding of IGF-1R. IGFBP-3 has been found to inhibit IGF-1 binding to its 

receptor via a mechanism involving a conformational change of the receptor
62

. This second level of 

modulation provides further evidence that decreasing IGFBP-3 proteins is associated with an increase in 

IGF-1 signaling and its subsequent proliferative properties. Lastly, not only does IGFBP-3 regulate the 

anti-apoptotic and mitotic action of IGF-1, IGFBP-3 also has an IGF-independent inhibitory effect on cell 

growth
63

, which is possibly mediated by a membrane receptor specific for IGFBP-3
64

. Due to the 

opposing effects of IGF-1 and IGFBP-3, the IGF-1/IGFBP-3 ratio is a common measurement for the 

bioavailable levels of IGF-1 acting at target tissues.  
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2.5.1.2 IGF-1 physiology  

Most IGF-1 in circulation is synthesized by the liver, although every tissue is able to secrete IGF-

1 where autocrine or paracrine mechanisms are important, such as the bone, for example
65

. Hepatic 

production of IGF-1 is primarily under positive control by growth hormone (GH), which is secreted by 

the pituitary gland. The pituitary GH producing cells are controlled by a balance of stimulatory growth 

hormone releasing hormone (GHrH) and the inhibitory somatostatin, both which are secreted by the 

hypothalamus. IGF-1 exerts negative feedback on the GH/IGF-1 axis by stimulating the secretion of 

somatostatin
66

 and inhibiting GH expression
67

. The GH/IGF-1 axis has many target tissues and plays a 

role in neural development, myelination and protection; cardiovascular development and protection; 

immune cell function; glomerular development, function, and integrity; and, musculoskeletal 

development and growth
68

.  

IGF-1 also plays a crucial role in adult mammary development during puberty.  The process of 

ductal morphogenesis begins with a surge of E2 before menarche. IGF-1 and E2 stimulate the formation 

of terminal end buds that proliferate and extend to form ducts
69

, while transforming growth factor β 

inhibits further proliferation of the mammary epithelium once the limit of the mammary fat pad is 

reached
70

. The proliferative response largely stops until pregnancy with short lasting epithelial 

proliferation during each menstrual cycle
71

. IGF-1 has been demonstrated to be essential for the mammary 

gland’s proliferation as neither estrogen nor progesterone can act on mammary development when IGF-1 

is missing
72

. In contrast, IGF-1 alone was able to stimulate ductal branching to a certain extent when E2 

and progesterone were completely inhibited
73

. Furthermore, animals that are IGF-1 deficient failed to 

develop pubertal mammary glands when treated with estrogen
74

. Taken together, IGF-1 may be 

considered central to the mammary development process.  

2.5.1.3 IGFs and breast carcinogenesis using cell and animal models  

Although IGF-1 is important in normal breast development, overactive IGF-1 signaling can cause 

hyperplasia leading to mammary tumor formation. Mice with breasts overexpressing des(1-3)hIGF-1, a 
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truncated form of IGF-1 with reduced affinity for IGFBPs, showed incomplete mammary involution and 

ductile hypertrophy
75

, processes which may facilitate tumor formation. Even at physiological 

concentrations, IGF-1 blocked the apoptotic effects of antiestrogen treatment in ER+ breast cancer cells
50

 

implicating IGF-1 in cancer cell survival. Furthermore, data in a transgenic mouse system demonstrated 

that mice deficient in hepatic IGF-1 expression have a reduced capacity to develop chemically and 

genetically induced mammary tumors
76

. Therefore, reducing systemic IGF-1 may be one mechanism of 

breast cancer prevention. Other IGF-1 signaling components have been demonstrated to be important in 

breast carcinogenesis. Transgenic mice with constitutively activated IGF-1R developed mammary tumors 

as early as 8 weeks of age
77

. In contrast, blocking the IGF-1R with an antibody inhibited the growth of 

human breast cancer cells
78

. Moreover, overexpression of IRS-1 in the mammary gland resulted in 

mammary hyperplasia, tumorigenesis and metastasis in mice
79

. In summary, targeting the IGF1 pathway 

for breast cancer prevention is promising. 

2.5.1.4 Epidemiological evidence of IGF-1 in breast cancer  

Several epidemiologic studies have lent support to the role of IGF-1 in breast cancer development 

and progression. In a pooled analysis of 17 prospective studies, circulating IGF-1 levels were found to be 

positively associated with estrogen receptor positive (ER+) tumors, independent of IGFBP3 and 

menopausal status
80

. Women in the highest quintile of IGF-1 levels had 1.28 times the risk of developing 

breast cancer compared to the lowest quintile
80

. A more recent case control study nested within the 

prospective European Prospective Investigation into Cancer and Nutrition (EPIC) cohort confirmed the 

findings of the pooled analysis and found that the odds ratio of ER+ breast tumours in pre- and 

postmenopausal women combined was 1.17 per 1-standard deviation increase in prediagnostic IGF-1
81

. In 

addition, evidence has also suggested that elevated IGF-1 levels during early reproductive life has an 

effect on the risk of developing breast cancer. IGF-1 levels measured during a woman’s first full term 

pregnancy were shown to be associated with a breast cancer risk of 1.73 for the top tertile
82

.  The 
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cumulating body of evidence supports elevated circulating IGF-1 concentrations as a biomarker of 

increased risk for both pre- and post-menopausal breast cancer.  

2.5.2 Predictors of IGF-1 

Given that serum IGF-1 levels are recognized as a putative biomarker for common cancers in 

epidemiologic studies, the clinical utility of such measurements must be considered. Serum IGF-1 

concentrations have been demonstrated to be stable over both 1- and 5-year periods
83

. Other studies have 

shown that IGF-1 variability is not affected by time of day or prandial state
84,85

. Therefore, a single 

measurement should serve as a valid and reproducible measure of IGF-1 concentrations in an individual.  

2.5.2.1 Reference ranges for serum IGF-1  

During the first year of life after birth, IGF-1 concentrations decline
86

. Afterward, IGF-1 steadily 

increases to its maximum concentrations at puberty which occurs at around 15 years of age in both girls 

and boys, however, IGF-1 concentrations tend to peak slightly earlier in girls
86

. After reaching its 

maximal levels, IGF-1 decreases steadily with age, such that age is the most consistent predictor of IGF-

1
86–89

.  

2.5.2.2 Demographic and anthropometric determinants   

Aside from age, certain modifiable and non-modifiable factors have been shown to influence 

IGF-1 levels, however, the evidence is less clear. Concentrations of serum IGF-1 have been observed to 

be higher in men than in women
90

. In addition, significant differences in IGF-1 levels have been observed 

across racial/ ethnic groups. In a study with the Multiethnic Cohort, which  consists of Native Hawaiian, 

African American, Japanese, Latino and White individuals, IGF-1 levels were highest among female 

African Americans and lowest among Latinos
91

. In contrast, in a study among men, Caucasians had the 

highest median IGF-1 levels, followed by Asians and African Americans
92

. The association between IGF-

1 and body mass index (BMI) is also unclear. While most studies report an inverse association between 
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IGF-1 concentrations and BMI
91,93,94

, other studies have found a nonlinear association between IGF-1 and 

BMI
91,95,96

.  

2.5.2.3 Lifestyle determinants  

The following section summarizes the association between several potential modifiable risk 

factors for breast cancer
97,98

 and IGF-1, namely diet, physical activity,  smoking and alcohol consumption. 

This section is not a comprehensive review of all studies. Rather, this section is meant to provide a brief 

overview of the current state of knowledge regarding certain lifestyle factors and IGF-1.  

Consumption of macronutrients and dietary supplements have been reported to influence serum 

concentrations of IGF-1, although findings have not been consistent. To begin with, vegans, who do not 

consume any animal products, have lower IGF-1 levels compared to meat eaters
99

. This is hypothesized to 

be due to the amount of protein in their diets since higher protein intake increases IGF-1 levels
100–102

. 

Increases in soy protein intake has also been shown to increase concentrations of IGF-1
87,103

 . On the other 

hand, intake of soy isoflavones, a class of phytoestrogens,  is associated with lower circulating IGF-1 

levels
104

. Furthermore, a study nested within the EPIC cohort of nutrient intake, observed that serum IGF-

1 levels were positively related to intake of calcium, magnesium, phosphorus, potassium, vitamin B6, and 

vitamin B2; and inversely related to intake of vegetables and beta-carotene
102

.  

Physically inactive individuals have also been shown to have higher IGF-1 concentrations 
87

. In 

fact, overweight and obese postmenopausal women who were placed on a low fat, high fiber diet and 

attended daily exercise classes had significantly reduced IGF-1 levels
105

 after two weeks. Therefore, daily 

lifestyle choices regarding food and nutrient consumption and physical activity have a role in modifying 

IGF-1 levels.  

Studies also suggest that smoking history and alcohol consumption can modify circulating IGF-1 

levels. IGF-1 concentrations were shown to be positively associated with pack-year history of smoking
90

. 

However, other studies report that this relationship only holds true in men
94,106

. Notably, there were no 
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differences in mean IGF-1 levels when comparing male former and never smokers, which suggests that 

quitting smoking could potentially normalize IGF-1 concentrations
106

.  

In the Rancho Bernardo Study, men and women who reported any alcohol use had significantly 

higher IGF-I levels compared with those who reported no alcohol use
107

. However, increased alcohol 

consumption is associated with lower IGF-1 levels in several other studies 
108–112

. Clearly, certain lifestyle 

choices may modify circulating IGF-1 levels and epidemiologic studies investigating the IGF-1 pathway 

should consider these factors in the analysis.  

2.5.2.4 Reproductive risk factors and IGF-1  

Several studies have also examined the relationship between a woman’s reproductive history and 

IGF-1 as a possible mechanism by which the reproductive risk factors affect one’s risk of developing 

breast cancer (Table 2). However, the studies report inconsistent findings and have certain limitations 

which are expanded on later in this chapter. The following section summarizes all studies to date that 

have examined reproductive risk factors as an exposure and IGF-1 levels as an outcome, to the best of my 

knowledge.  

Age at Menarche 

There have been few studies regarding the relationship between age at menarche and IGF-1 and 

the results are conflicting. In a study conducted in Singapore, women with a later age at menarche (≥ 17 

years) or whose periods never became regular or only at a late age, had lower concentrations of IGF-1
87

. 

Similarly, the largest study conducted by the Endogenous Hormones and Breast Cancer Collaborative 

Group (EHBCCG), found that  IGF-1 levels were 4% lower for women who had undergone menarche at 

ages 14 years and over than for women who had undergone menarche before age 12 years
80

. These two 

studies present evidence consistent with the hypothesis of a later age at menarche reducing one’s risk of 

breast cancer by lowering IGF-1 levels. Despite this, other studies with more refined categories of age at 

menarche (i.e. <12, 12, 13, 14 +) found null associations with IGF-1
113,114

. Further, another study in 

Chinese women found that a greater age at menarche was (>12 vs ≤12 years) was positively associated  
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Table 2 Summary of current research on the relationship between hormonal factors and IGF-1  

Authors and 

Publication 

Date 

Study 

participants 
Hormonal factors of interest Covariates adjusted for Major Findings 

Wang et al104, 

2014 

143 healthy 

women  

Age at menarche (≤12, >12), Parity (1, 

≥2), breastfeeding(<3 months, ≥3) 

None  Age at menarche positively associated with IGF-1 levels 

among women ≥50 years. 

Key et al80, 

2010  

10 022 women 

without breast 

cancer  

Age at menarche (<12, 12–13, ≥14 

years), parity (0, 1, 2, 3, ≥4 full-term 

pregnancies), age at first full-term 

pregnancy (<20, 20–24, 25–29, ≥30 

years), previous use of oral 

contraceptives (never 

or ever), and, for postmenopausal women 

only, type of 

menopause (natural or surgical); time 

since menopause (0–4, 5–14, ≥15 years; 

natural postmenopausal women only); 

previous use of hormone-replacement 

therapy 

(never or ever) 

Study, age at blood collection  Geometric mean IGF1 was 26% lower for women aged 65 

years and above than for women aged less than 45 years 

 IGF1 was 4% lower for women who had undergone menarche 

at ages 14 years and over than for women who had undergone 

menarche before age 12 years. 

 IGF1 varied according to parity, but not in a clear pattern, and 

was positively associated with age at first full-term pregnancy 

among parous women.  

 For postmenopausal women, IGF1 was higher for those who 

had had their menopause most recently. 

 IGF1 was higher for women who had previously used 

hormonal contraceptives than for those who had not.  

 IGF1 was not significantly associated with smoking, family 

history of breast cancer, type of menopause, or previous use of 

hormonal therapy for menopause.  

Barnes et al115, 

2009 

426 

premenopausal 

and 456 

postmenopausal 

women 

First-degree family history of breast 

cancer (yes, no, unknown), previous 

benign breast disease (yes, no, unknown), 

age at menarche (<12, 12-14, ≥15 years), 

parity (0, 1-2, ≥3), oral contraceptive use 

(never, past), non-contraceptive hormone 

use (never, past), menopausal disorders 

(yes, no)  

Diabetes (yes, no), BMI (<23, 

23-24.9, 25-29.9, ≥30 kg/m2), 

LPA quartiles, smoking status 

(former, current, never) 

IGFBP-3 promoter genotype, 

alcohol consumption, past 

diagnosis of liver disease, 

sitting habits since turning 50 

years of age and all hormonal 

factors 

 Premenopausal IGF-1 levels were lower among older women 

(p-trend <0.001), higher among women previously diagnosed 

with a benign breast disease (p=0.044), and lower among 

women who consumed higher amounts of alcohol (p-

trend=0.002)  

 Postmenopausal IGF-1 levels were lower among older women 

(p-trend=0.015) and higher among women previously 

diagnosed with a benign breast disease (p=0.002), with a BMI 

between 25.0 and 29.9 kg/m2 (p=0.049)  

Johansson et al 
116, 2004 

740 women (376 

unaffected 

women and 364 

women with IEN 

or early invasive 

BC)  

Parity (nulliparous/ parous/ unknown), 

menopausal status (pre/post), age at 

menarche (≤12 years/ >12 years/ 

unknown), number of affected first 

degree relatives (no, yes, unknown) , 

number of prior biopsies for benign 

disease (0, 1+, unknown) and breast 

cancer status 

Age, BMI, height, WHR, 

differences among trials  
 Women with early breast cancer had 21% higher IGF-1 levels 

(p=0.033) than unaffected women.  

 In unaffected women, age was negatively associated with IGF-

1 (p=0.002) and IGF-1/IGFBP-3 (p=0.001), while age at 

menarche was negatively associated with IGFBP-3 levels 

(p=0.043).  

 In women with IEN or early BC, IGF-1 levels were positively 

associated with prior biopsies for benign disease (p=0.013), 

while age, parity and menopausal status were significant 

predictors of IGF-1/IFBP-3 molar ratio.  



 

 

 

23 

DeLellis et al91, 

2004 

465 healthy 

women 490 

healthy men  

Parity (0-2, 3-4, 5+), Age at menarche, 

Age at natural menopause,  

Age, BMI  Increasing parity was non-significantly associated with 

declines in IGF-1.  

Probst-Hensch 

et al87, 2003 

326 

postmenopausal 

women 312 men 

Age at menarche (<17 years, ≥ 17 years), 

Age when periods became regular (<17 

years, ≥ 17 years, never became regular), 

Age at first birth (nulliparous, ≤30 year, 

>30 years), Use of oral contraceptives 

(Never, >25 years at start, ≥25 years at 

start)  

Age. BMI, Gender, Physical 

activity  
 IGF-1 decreased with age (P for trend <0.0001). 

 Women with a later age at menarche, or whose periods never 

became regular or only at a late age, had low concentrations of 

IGF-1 (both P=0.06). 

 Parity or age at first birth were not associated with circulating 

IGF1, nor was use of oral contraceptives.  

Allen et al113, 

2003 

292 women  Menopausal status (Premenopausal, 

Postmenopausal), Age at menarche (<12, 

12, 13, 14+), Cycle length 30-40 years of 

age in women not taking OCs (<25, 25-

26, 27-29, 30+ days), Age at menopause 

(<50, 50+), Ever pregnant, Ever 

miscarriage, Ever having child, Ever OC 

use, Ever HRT use 

None   No association between any reproductive factors and IGF-1 

concentrations.  

 Age was a strong determinant of IGF-1 levels.  

Holmes et al117, 

2002 

1037 women 

without breast 

cancer 

Parity (0, 1, 2, 3,≥4), lactation among 

parous women only (never, ever), 

Hormone use among postmenopausal 

women only (Never, Current oral 

estrogen + progesterone, Current oral 

estrogen only), Duration of oral estrogen 

+ progesterone (<5 yr, ≥6 yr) 

Mutually adjusted for each 

other: age, BMI (<21, 21-22.9, 

23-24.9, 25-28.9, ≥29), 

smoking physical activity (<4 

MET-hours/week, 4-11.9, 12-

24.9, ≥24): laboratory batch, 

menopausal status  

 Age was inversely associated with IGF-1 levels.  

 High parity was associated with lower levels of IGF-1 (no 

pregnancies versus ≥4: 212 v 180 ng/mL).  

Chang et al118, 

2002 

171 

postmenopausal 

healthy women 

210 men 

Age at menopause (<50, ≥50), 

Miscarriage (Yes, No), Parity (Parous, 

Nulliparous), HRT within 6 months (Yes, 

No)  

Age, Ethnicity, IGFBP3   Women who were older at menopause had borderline higher 

plasma IGF-1 levels than those younger at menopause.  

 IGF-1 levels were negatively associated with recent use of 

HRT.  

Lukanova et 

al119, 2001.  

400 women  Age at menarche, Age at menopause, 

First full-term pregnancy, Number of 

full-term pregnancies, Phase of menstrual 

cycle, Duration of OC use and/or HRT  

Age, Laboratory batch, BMI  Premenopausal women had higher mean IGF-1 levels, but 

difference disappeared after age adjustment.  

 IGF-1 showed a weak negative correlation with age at 

menarche, which disappeared after adjustment for BMI.  

 Duration of HRT (among users only, n=46) correlated 

inversely with IGF-1 concentrations.  

 Women who reported a family history of breast cancer had 

higher mean IGF-1 levels than those without affected 

relatives.  

Jernström et 

al114, 2001 

311 nulliparous, 

premenopausal 

women  

OC use: dose of estrogen, type of 

progestin; Day of menstrual cycle, Age at 

menarche  

Age  Women who used OCs had reduced levels of IGF-1, adjusted 

for age. IGF-1 levels declined when OC taken and rose when 

placebo introduced.  

 Age at menarche not significantly associated with IGF-1 

levels, but showed a positive association among OC users.  
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with IGF-1 levels among women 50 years of age and older 
104

, contrary to the previous findings and the 

hypothesis. However, this study may have been limited by their sample size of 38.  Still, drawing 

comparisons between the aforementioned studies is difficult due to the varying categorizations of age at 

menarche, which may have given rise to misclassification. Clearly, further studies are needed to clarify 

the association between age at menarche and concentrations of IGF-1.  

Childbearing (Parity, Age at first birth, Breastfeeding)  

The majority of studies demonstrate little evidence supporting the role of childbearing on 

modifying IGF-1 concentrations. In the Multiethnic Cohort Study, increasing parity was non-significantly 

associated with declines in IGF-1 
91

, yet a large number of other studies have reported null associations 

with IGF-1 
87,88,104,113,118

. Similarly, a lack of an association was observed between age at first full-term 

pregnancy and IGF-1 levels 
87

 in a cohort of Singapore women (n=326). However, a larger and more 

recent study (n=10 022) conducted by the EHBCCG found that IGF-1 was positively associated with age 

at first full-term pregnancy among parous women
80

, suggesting lower IGF-1 levels may be a mechanism 

by which an earlier age at first full term pregnancy exerts its protective effect against breast cancer. The 

same study also observed that IGF-1 levels varied according to parity, but not in a clear pattern. Another 

study found that high parity was associated with lower levels of IGF-1 (≥4 versus no pregnancies), after 

adjusting for age, BMI, smoking, physical activity, and lactation 
117

, while the EHBCCG only adjusted for 

age, which may have accounted for the differences in the findings. In addition, lack of lactation  was 

associated with borderline lower levels of IGF-1
117

 and breastfeeding was not associated with IGF-1 

levels (<3 months vs ≥3 months)
104

.  In summary, the evidence suggests a weak to no association between 

parity, age at first full-term pregnancy, and breastfeeding, and IGF-1 levels. 

Menopause  

Few studies have examined the effect of menopause on IGF-1 levels. Of the limited evidence, 

IGF-1 levels are reported to be lower in postmenopausal women compared to premenopausal women. In 

fact, in a study comparing 15 women with premature ovarian failure, 15 postmenopausal women, and 15 
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premenopausal women, mean serum IGF-1 levels were lowest among the postmenopausal women and 

highest in the premenopausal group
120

. IGF-1 levels among the women with premature ovarian failure 

were similar to the postmenopausal women and lower than the premenopausal group
120

, suggesting that 

ovarian estrogen production may have a role in regulating IGF-1 production. Serum levels of IGF-1 have 

been shown to decrease rapidly one year after menopause
121

 such that IGF-1 levels are higher for those 

who have had their menopause most recently
80

.  

Nevertheless, the relationship between age at menopause and IGF-1 is less convincing given only 

four studies have considered age at menopause as an exposure variable 
91,113,118,119

; most have adjusted for 

menopausal status. One study found that women who were older at menopause had borderline higher 

IGF-1 levels compared to those younger at menopause (<50 vs ≥ 50 years)
118

 while other studies found no 

such associations 
91,113,119

. Given the limited evidence regarding IGF-1 and age at menopause, further 

studies are needed to clarify whether IGF-1 is potential mediator of age at menopause on the risk of 

developing breast cancer.  

2.5.2.5 Medication History  

Oral contraceptives   

A large body of evidence suggests that hormonal contraceptives modify serum IGF-1 levels. Oral 

contraceptives contain both estrogen and a progestin. Individuals who are currently using oral 

contraceptives have suppressed IGF-1 levels compared to non-users
114,122–124

. A dose response 

relationship has also been observed with higher average doses of ethinyl estradiol among current users 

reducing IGF-1 levels to a larger extent
114

.  In contrast, the effects of past oral contraceptive use is less 

well understood. One study of different patterns of oral contraceptive use found that among 

premenopausal women aged 18 to 21, women who had used OC at some point in their lives had lower 

IGF-1 levels compared to never users
125

. On the other hand, among women aged 31 to 40, former users 

who started OC use at 25 years of age or older or in the last 15 years had higher IGF-1 levels compared to 

never users
125

. Likewise, a pooled analysis also found IGF-1 levels were higher for women who had 
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previously used hormonal contraceptives than for those who had not
80

, in contrast to another study that 

found no association between past OC use and IGF-1
87

. Although it is clear that current use of OC 

suppresses IGF-1 production, the effects of past OC use on serum IGF-1 levels has yet to be well 

characterized.  

Hormone replacement therapy  

Similar to OC use, a large body of evidence suggests that current users of HRT have lower levels 

of IGF-1 compared to never and former users
117,126–129

. Further, the route of administration as well as the 

type of HRT preparation affects the relationship between HRT use and IGF-1. Oral estrogen suppresses 

circulating IGF-1 to a larger extent than transdermal HRT
117,126

. In addition, women taking oral estrogen 

have lower levels of IGF-1 than women taking oral estrogen and progesterone, suggesting progesterone 

has a counter effect to estrogen on IGF-1 concentrations
117

.  

Evidence regarding former use of HRT is minimal. Only two studies have examined the effect of 

HRT duration use among former users in relation to IGF-1. Duration of HRT among former users was 

negatively correlated with IGF-1 concentrations in one study
119

 while the larger study by the EHBCCG 

found no association
80

.  Further studies are needed to confirm whether previous use of HRT has long term 

effects on serum IGF-1 levels.  

Breast cancer hormonal therapies  

SERMs and aromatase inhibitors have also been reported to influence circulating concentrations 

of IGF-1. SERMs, namely tamoxifen and raloxifene, have been observed to suppress IGF-1 levels
130–134

. 

On the other hand, a few studies have reported increases in IGF-1 levels 
133,135–138

 in women on AI therapy 

at 3 and 6 months, albeit with small sample sizes. A summary of the research regarding the effects of AIs 

on IGF-1 are presented in Table 3. IGF-1 levels have been shown to increase at 3 months with 

aminoglutethimide (n=17)
133

, formestane (n=33) 
136

 and letrozole (n=30)
135

. At 6 months, anastrozole and 

letrozole also increased IGF-1 levels (n=84
137

; n=140
138

) but not at 12 months
137,139

. The effect of  
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Table 3 Summary of current research on the effect of aromatase inhibitors on IGF-1  

Authors and 

Publication 

Date 

Study participants Pharmacological exposure 
Time 

measurements 
Major Findings 

Lien et al
133

, 

1992 

27 postmenopausal breast 

cancer patients and 12 

premenopausal breast cancer 

patients  

17 Aminoglutethimide;  27 

tamoxifen; 10 goserelin (LHRH 

analogue)  

Baseline and 2-4 

months after on 

therapy  

 Mean IGF-1 levels increased by 25.0% on 

aminogluthetimide  

 Tamoxifen therapy suppressed IGF-1; mean 

reduction 28.5% 

 Goserelin had a reduction in plasma IGF-1 

with 11.7% mean reduction 

Bajetta et al
135

, 

1997 

30 Postmenopausal women 

with advanced breast cancer  

Letrozole 0.5 or 2.5 mg per day 

(15 patients in each group)  

Baseline, 1, and 3 

months after starting 

therapy  

 In both dosage groups, IGF-1 levels 

significantly increased on average 24% after 

three months,  

 no effect on IGFBP3 in either dose groups  

Fabian et al
140

, 

2007 

42 Postmenopausal women 

taking a stable dose of HR 

Letrozole 2.5 per day  Baseline and 6 

months 
 No significant change in IGF-1, breast cell 

cytomorphology, mammographic breast 

density, serum estradiol, testosterone  

 Ki-67 was reduced by a median relative 

value of 66% 

Arun et al
139

, 

2012 

37 Women with a history of 

stage I, II breast cancer who 

started anastrozole for standard 

adjuvant treatment  

Anastrozole 1mg per day  Baseline and 6 

months  
 No change in IGF1, IGFBP3 or breast 

cytology  

 Significant increase in serum IGFBP1  

Lintermans et 

al
137

, 2014 

84 postmenopausal women 

with an early breast cancer 

scheduled to start adjuvant 

endocrine therapy 

AI (n=42): 36 letrozole and 6 

anastrozole or tamoxifen (n=42) 

Baseline, 3, 6, and 

12 months  
 AI therapy resulted in elevated IGF-1 levels 

with a statistically significant increase at 6 

months (p = 0.0088), whereas tamoxifen had 

decrease in IGF-1 levels at all follow-up 

times (p<0.0004) 

 No change in IGF-1 levels at 12 months 

from baseline after AI use  

Ferrari et al
136

, 

1994 

33 postmenopausal women 

with metastatic disease 

Formestane: 250 mg (n=16) or 

500 mg (n=17)  

Baseline, 1, and 3 

months 
 No significant IGF-1 variations were seen in 

the 250 mg group, whereas a significant 

increase after 3 months was observed in the 

500 mg group.  

 

Gallichio et 

al
138

, 2013 

52 breast cancer patients for 

whom AI therapy was planned 

Unspecified. In larger study: 

59.5% anastrozole, 39.2% 

Baseline and 6 

months 
 No statistically significant changes in IGF-1, 

IGFBP-3 or IGF-1/IGFBP-3 ratio over the 
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and 88 women without a 

history of cancer  

letrozole, and 1.3% exemestane. 6-month period in the breast cancer patients 

and the women in the comparison group.  

 Neither the mean concentrations of the 

biomarkers were different between the two 

groups at baseline and 6 months.  

Cigler et al
141

, 

2010 

50 Postmenopausal women 

with or without prior invasive 

breast cancer  

31 Letrozole 19 placebo  Baseline, 12 and 24 

months  
 Letrozole increased IGF-1 levels at 12 

months and 24 months 

 Significant reduction in mean serum 

estradiol, estrone, and estrone sulfate levels 

at 12 months, but not at 24 months.  

Ferrari et al
142

, 

2002 

34 postmenopausal advanced 

breast cancer patients 

Anastrazole  Baseline, 2,4,8, 12 

weeks of treatment  
 IGF-1 significantly increased during 

anastrozole treatment (baseline vs 12 weeks)  

 The anastrozole-induced changes in IGFs 

and IGFBP-1 appeared to be different in the 

patients receiving a clinical benefit from 

those observed in non-responders.  

Frost et al
143

, 

1996 

39 patients with advanced 

breast cancer  

15 Aminoglutethimine (AG); 13 

formestane;  and 7 synthetic 

progestin megestrol acetate (MA) 

Baseline and 3 

months 
 Treatment with AG and MA elevated plasma 

levels of IGF-1 by mean values of 27% and 

81%, whereas treatment with formestane had 

no effect  

 Alterations in plasma IGF-1 were reversed 4 

weeks after terminating MA therapy  

Harper-Wynne 
144

, 2002 

32 women without active 

breast disease 

Letrozole 2.5 mg/day)  Baseline and 3 

months   
 No significant changes in plasma levels of 

insulin-like growth factor I or lipid profiles  

 No significant change in proliferation 

marker Ki67 or estrogen receptor in breast 

epithelial cells.  

 There was a significant increase in the 

levels of the bone resorption marker C-

telopeptide crosslinks  
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exemestane on IGF-1 levels has not been explored yet. Given that only two studies have examined the 

effect of AIs on IGF-1 at 12 months and only one observed an increase, there is a need to understand the 

long-term consequences of AI therapy on IGF-1, especially since the third generation AIs can potentially 

be used in breast cancer chemoprevention
39,40

.  

2.6 Estrogen and IGF-1: biological framework of thesis 

The biological framework on which this thesis is based involves the theory that a longer lifetime 

cumulative exposure to physiological estrogen increases serum concentrations of IGF-1, thereby 

increasing one’s risk of developing breast cancer. Several levels of regulation exist where estrogen 

potentially influences IGF-1 production. Based on the available evidence, a summary of the potential 

mechanisms is provided.  

2.6.1 Endocrine control of circulating IGF-1 levels  

It is possible that estrogens regulate IGF-1 secretion by modifying GH signaling in an endocrine 

fashion
145

. Early support for the effect of estrogen on the GH/ IGF-1 axis centered upon the female 

lifespan’s milestones of puberty and menopause when estrogen levels change dramatically. In prepubertal 

girls, there is a concomitant increase in estrogen, GH and IGF-1 secretion
146–148

; IGF-1 levels are also 

reduced after natural menopause
121,149

, mirroring the cessation of ovarian hormone production. GH travels 

in the circulation bound to the growth hormone binding protein (GHBP), which is produced mainly by the 

liver when the extracellular domain of the GH receptor (GHR) is cleaved. GHBP modulates the 

distribution and pharmacokinetics of GH and subsequently, its actions. Theoretically, the effect of 

estrogen on IGF-1 may be mediated by an increase in GH production
150

, an increase in GH 

responsiveness, or by means independent of GH.  Indeed, studies have provided evidence for a role of 

estrogen in GHR expression. Activation of GHR stimulates the synthesis and secretion of IGF-1, which is 

likely increased when GHR expression is high. In rats, ovariectomy or treatment with an estrogen 

antagonist reduces both GHR and GHBP
151

; while, estrogen treatment increases GHR in a dose-

dependent manner
151

. Nevertheless, the majority of this evidence comes from animal models with limited 
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studies in humans. The mechanism by which estrogen up-regulates expression of liver-specific GHR and 

is not well understood either. Regardless, estrogen may regulate IGF-1 production at the level of GH 

signaling.  

Estrogen’s influence on the GH/ IGF-1 axis becomes more complex in studying exogenous 

estrogen. Contrary to the effects of endogenous estrogen, exogenous sources appear to decrease GH 

responsiveness
152

. For instance, oral estrogens have been shown to reduce serum IGF-1 levels in both 

patients of hypopituitarism
153,154

 and postmenopausal women
117,126,155,156

. However, transdermal estrogen 

administration has no effect on IGF-1 which indicates the importance of the administration route
126,153–156

. 

The reasons for the conflicting observations are not clear. It is possibly that the supraphysiologic 

concentrations of estrogen inhibits IGF-1 secretion through a first-pass effect in the liver which 

transdermal administration bypasses by distributing the hormone directly into the systemic circulation. 

The concentration of estradiol in the liver is four to five times higher than that in the systemic circulation 

when oral estrogens are used
157

. This supraphysiologic concentration of estrogen in the liver can modulate 

the synthesis of many proteins including angiotensinogen, clotting factors, lipoproteins and the binding 

proteins for several steroid hormones
145

.  Although the mechanism is unclear, a first pass effect is likely to 

mediate the differential effects between endogenous and supraphsyiological exogenous sources of 

estrogen on IGF-1 levels.  

2.6.2 Direct regulation of IGF-1 signaling by estrogen  

The estrogen receptor can regulate gene transcription by binding directly to the promoter of target 

genes or by binding indirectly through a mechanism involving transcription factors such as Sp1 and AP-1. 

The transcriptional regulation of human IGF-1 is poorly understood with most evidence from 

experimental mouse models and cell lines. Mouse IGF-1 is regulated by estrogen when the hormone 

binds directly to ERα  and the activated complex binds to the ERE in the IGF-1 promoter
158

; however, 

there is no known consensus ERE in the human IGF-1 promoter. In human liver carcinoma cells, IGF-1 

has been shown to be regulated indirectly by estrogen, since the promoter does not contain a classical 
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ERE and involves an AP-1 enhancer 
159

. Using chromatin immunoprecipitation analysis, ERα was also 

observed to bind to the human IGF-1 promoter region in ovarian cancer cells
160

.  Further evidence 

suggests estrogens potentiate the IGF signaling pathway by upregulating expression of IGF-1 mRNA
161

 

and IGF-1R
162,163

 and stimulating IRS-1 mRNA synthesis and its stability
164

. Blocking ER function can 

also inhibit IGF-mediated mitogenesis
165

. Although the mechanism by which estrogen signaling increases 

IGF-1 expression is less clear in humans, estrogen may increase circulating concentrations of IGF-1 by 

increasing local expression.  

2.6.3 Cumulative estrogen exposure and circulating IGF-1  

As mentioned previously, IGF-1 is hypothesized to be a mediator of cumulative estrogen 

exposure on breast cancer risk. Given the widespread acceptance that a woman’s reproductive history 

modifies her breast cancer risk by increasing her cumulative exposure to estrogen, several studies have 

examined the relationship between the reproductive risk factors and serum IGF-1 levels. However, the 

findings of the studies were inconsistent and may be attributed to several factors. First, the majority of 

studies did not consider an effect modification by menopausal status in the relationship between the 

reproductive risk factors and IGF-1 as demonstrated by Barnes et al
115

. To my knowledge, Barnes et al
115

 

was the only study to stratify the analyses by menopausal status. While two studies were conducted solely 

in postmenopausal women 
87,118

 and one study was conducted solely in premenopausal women
114

, the 

majority of the studies were conducted with both groups combined
80,88,91,104,113,117,119

, which may have 

resulted in the different findings. Second, the studies adjusted for different covariates which may have 

contributed to the inconsistent results. While most studies adjusted for age 
87,114,118,119

, only half of those 

reviewed adjusted for BMI
87,88,91,115,117,119

. Further, Holmes et al
117

 chose to present their findings with 

their reproductive factors mutually adjusted for each other and other potential covariates. Lastly, studies 

used different categorizations of the reproductive factors which may have resulted in potential 

misclassification of the exposure and limited the comparability of the results. For example, age at 

menarche has been categorized as <17 or ≥17 years
87

; <12 or ≥12 years
116

, and <12, 12–13, or ≥14 
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years
80

. Parity has been categorized as parous or nulliparous
118

, 0, 1-2, or ≥3 births
115

 and 1 or  ≥2 

births
104

. Taken together, inconsistencies in the studies of the reproductive factors and IGF-1 may have 

been a result of an effect modification by menopausal status, different covariate adjustments and potential 

misclassification.  

 This thesis aimed to address the explanations for inconsistent findings noted above by 

conducting a cross sectional study in postmenopausal women that were part of a chemoprevention trial 

and using a summary index of the reproductive risk factors as an exposure variable. First, conducting the 

study in solely postmenopausal women addresses the issue of effect modification by menopausal status. 

Second, a comprehensive and detailed list of demographic, reproductive, anthropometric and medical 

variables were collected as part of the clinical trial which would allow potential uncontrolled confounders 

to be explored and adjusted for. Lastly, summarizing the reproductive risk factors in a summary index 

called the “lifetime cumulative number of menstrual cycles” measures the cumulative effect of several 

estrogen-related variables in a single variable and increases the statistical power of a regression analysis. 

Each factor alone may have minimal effects on IGF-1; a mutually adjusted model may render the effect of 

cumulative estrogen on IGF-1 undetectable and limit the interpretability of the regression coefficients. 

Therefore, a summary measure incorporating all of the reproductive risk factors would more accurately 

measure one’s cumulative exposure to estrogen, is more practical and presents a novel approach in 

studying one’s reproductive history and IGF-1.  Given the points presented above, this thesis contributes 

to the larger body of knowledge regarding the biological mechanisms that cause breast cancer cancer.  

2.6.4 Estrogen depletion and circulating IGF-1  

Although supraphysiologic concentrations of estrogen suppress IGF-1 production, there is a 

limited amount of studies examining the effect of estrogen depletion on circulating IGF-1. The limited 

evidence suggests that aromatase inhibition increases IGF-1 levels in the circulation; however, there are a 

few considerations that warrant further investigation in this mechanism. First, most of the studies 

surrounding the effect of aromatase inhibition on IGF-1 were conducted using nonsteroidal inhibitors, 
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such as anastrazole and letrozole
135,137,139,141,142

. Only two studies have examined the effect of irreversible 

steroidal aromatase inhibitors 
136,143

 and were restricted to the second generation formestane. Both of these 

studies found no effect of formestane on IGF-1 levels and the effect of the third generation irreversible AI 

exemestane on circulating IGF-1 has not been studied. Second, given that exemestane has been shown to 

reduce the incidence of invasive breast cancer in healthy postmenopausal women
39

, the effect of AIs on 

IGF-1 levels in healthy individuals should be studied to determine the mechanism of cancer reduction in 

this population. Nevertheless, all studies reviewed in this thesis were conducted in breast cancer patients 

who may have had other cancer therapies (i.e. chemotherapy and radiation), in addition to endocrine 

therapy, and/ or modified physiologies that may alter the effect of AIs on IGF-1 compared to healthy 

individuals
133,135–139,141–143

. Third, the long term effect of AIs on IGF-1 levels is unclear since the majority 

of studies examined AI effect up to a maximum of three 
133,135,136

 or six months
138,139

. Both of the studies 

that had a maximum follow up of six months found no significant changes in IGF-1 from baseline
138,139

. 

In contrast, Lintermans et al observed that AI therapy resulted in elevated IGF-1 levels at six months but 

were not significantly different from baseline levels at 12 months
137

. Finally, the study of the longest 

duration of observation reported that letrozole significantly increased IGF-1 levels at both 12 and 24 

months
141

.  Taken together, it appears that there is still uncertainty about the longer-term (>=1 year) 

effects of AIs on IGF-1 levels, and whether there are a) class differences between the AIs and IGF-1 and 

b) differential effects of AIs on IGF-1 levels according to different populations (e.g. breast cancer versus 

breast cancer-free populations). Therefore, a study evaluating the effect of exemestane on IGF-1 levels in 

healthy (cancer-free) individuals for a longer duration (≥1 year) is warranted.  This thesis aims to address 

this gap in the literature by examining the effect of exemestane on circulating IGF-1 levels in healthy 

postmenopausal women after 12 months on exemestane or placebo.  

2.7 Summary of Rationale  

Evidence is in favour of elevated IGF-1 levels in the circulation as a biomarker for an increased 

risk for developing breast cancer, but a full understanding of the determinants of IGF-1 is still lacking.  
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Given the hormonal interplay between the estrogen and IGF-1 signaling pathways, IGF-1 may mediate 

the effect of estrogen on breast cancer risk. The evidence of long term cumulative estrogen exposure on 

IGF-1 levels is inconsistent and there is limited data investigating the effect of estrogen depletion on IGF-

1 production.  Studies examining the relationship between the reproductive risk factors, as a proxy for 

long term estrogen exposure, and IGF-1 were limited by uncontrolled confounding, a lack of 

consideration of effect modification by menopausal status and potential misclassification of estrogen 

exposure. Likewise, studies examining the effect of aromatase inhibition (estrogen depletion) on serum 

IGF-1 levels were mostly conducted using nonsteroidal AIs in breast cancer patients for a maximum of 

six months and reported inconsistent findings. This thesis aimed to address the inconsistencies in the 

literature of the reproductive factors and IGF-1 by using summary index of the reproductive factors to 

represent long term estrogen exposure and reduce the potential misclassification; and conducting this 

study in postmenopausal women that were part of a larger clinical trial with detailed data collection of 

potential confounders. This thesis also aimed to address the gap in the literature regarding estrogen 

depletion on IGF-1 by examining the effect of the nonsteroidal irreversible AI exemestane on circulating 

IGF-1 levels in healthy postmenopausal women after 12 months. Elucidating the seemingly contradictory 

effects of past cumulative estrogen exposure and current estrogen depletion on IGF-1 levels may aid in 

the development of future breast cancer prevention strategies.  
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Chapter 3 

Estrogen-related determinants of insulin-like growth factor-1 in 

postmenopausal women 
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3.1 Abstract 

Background: Insulin-like growth factor-1 (IGF-1) levels have been positively associated with common 

cancers and are a potential mechanism underlying the effect of long term estrogen exposure on breast 

cancer risk.  

Methods: In a cross-sectional study of 567 postmenopausal women, the association between reproductive 

risk factors and IGF-1 was examined. The lifetime cumulative number of menstrual cycles (LCMC) was 

computed as a measure of total exposure to endogenous estrogens. Multivariable linear regression was 

used to investigate the association between age at menarche, age at first full-term pregnancy, parity, 

breastfeeding, age at menopause, LCMC, oral contraceptive (OC) use, hormone replacement therapy 

(HRT) use; and IGF-1, while adjusting for potential covariates.  

Results: Women aged 55 years or older at menopause had 17.01 ng/mL (95% CI: 2.32, 31.71) higher 

IGF-1 compared to women aged less than 50 years at menopause. Women in the highest category of 

menstrual cycles (≥500 cycles) had an average 19.00 ng/mL (95%CI: 5.86, 32.14) higher concentration of 

IGF-1 compared to women in the lowest category (<350). Exogenous hormone use had no association 

with postmenopausal IGF-1 levels.  

Conclusion: A larger number of menstrual cycles in one’s lifetime and a later age at menopause are 

associated with higher IGF-1 levels after menopause. Higher IGF-1 levels may be one mechanism by 

which prolonged estrogen exposure increases cancer risk.  

Impact: This is the first report of a positive association between IGF-1 and LCMC, representing one 

mechanism by which cumulative lifetime estrogen exposure may increase breast cancer risk.  
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3.2 INTRODUCTION  

Insulin-like growth factor-1 (IGF-1), a growth hormone (GH)-dependent peptide with mitotic and anti-

apoptotic effects, plays a key role in the growth and development of many tissues (1). The IGF-1 pathway 

has gained considerable attention due to the greater risk of developing several common cancers(2–4), 

including breast cancer (5,6) in individuals with higher circulating levels of IGF-1. A pooled analysis of 

17 prospective studies found that women with IGF-1 concentrations in the highest quintile had a 28% 

higher breast cancer risk compared to the lowest quintile and that this relationship was not modified by 

menopausal status (7). The epidemiologic findings are consistent with experimental models, where 

increased IGF-1 signaling is implicated in breast cancer cell proliferation and survival (8) and reduced 

IGF-1 concentrations delay mammary tumor development (9). While evidence is in favor of elevated 

IGF-1 levels as a biomarker for increased breast cancer risk, a full understanding of the determinants of 

IGF-1 is still lacking.  

Most circulating IGF-1 is produced by the liver, a sex steroid responsive organ. The sex steroid, estrogen, 

is a major driver of mammary carcinogenesis (10). Breast cancer is associated with various estrogen-

related factors such as an early age at menarche (11) and a later age at menopause (12). Exogenous 

estrogens, in the form of oral contraceptives(13) and hormone replacement therapy (14,15), have also 

been associated with a higher breast cancer risk. These factors are believed to increase a woman’s risk of 

developing breast cancer by increasing her lifetime exposure to ovarian hormones. In fact, studies using 

an index that summarizes the estrogen-related risk factors in a measure of the “lifetime cumulative 

number of menstrual cycles” observed an increase in breast cancer risk in women with a higher number of 

menstrual cycles in their lifetime (16–19). However, the underlying physiologic mechanisms of long term 

ovarian hormone exposure on breast cancer risk remains unclear. 

It has been suggested that estrogen has a role in modulating IGF-1 production (20,21), prompting studies 

to consider elevated IGF-1 levels as a mediator of long term estrogen exposure on breast cancer risk.  
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Studies completed thus far have yielded heterogeneous findings regarding the relationship between 

reproductive risk factors and IGF-1 (22–26). Studies investigating this relationship have examined the 

independent contributions of each factor alone in relation to IGF-1. A more precise estimation of lifetime 

endogenous estrogen exposure using a composite measure such as “the lifetime cumulative number of 

menstrual cycles” may provide better predictive power than the individual factors alone.  

Since certain reproductive factors, such as age at menarche(12) and number of full-term pregnancies (27) 

exert different effects on breast cancer risk depending on menopausal status, the relationships between 

certain reproductive factors and IGF-1 may also depend on whether premenopausal or postmenopausal 

IGF-1 levels are measured. Although a statistical interaction between certain cancer risk factors and 

menopausal status has been observed (24), the majority of studies were conducted in both pre- and 

postmenopausal groups (7,22,25,26,28–30), which may have contributed to the discordant results. Very 

few studies have conducted separate analyses for pre- and postmenopausal women, with one study 

conducted solely in premenopausal women (31) and two studies conducted solely in postmenopausal 

women (23,32) .  

We therefore investigated the relationship between postmenopausal IGF-1 levels and the following 

estrogen-related factors: age at menarche, parity, age at first-full term pregnancy, breastfeeding, oral 

contraceptive use, age at menopause, hormone replacement therapy use and the composite measure 

“lifetime cumulative number of menstrual cycles”. Understanding this relationship may provide a better 

understanding of the biologic mechanism by which long term estrogen exposure increases breast cancer 

risk and offer clues to better prevention strategies.  

3.3 SUBJECTS AND METHODS 

Study Population 

Subjects were part of the Canadian Clinical Trials Group (CCTG) Mammary Prevention.3 trial (MAP.3), 

an international, randomized, double-blind, placebo-controlled trial of exemestane for the reduction of 
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invasive breast cancer (33). Participants in the MAP.3 trial consisted of 4560 postmenopausal women at a 

moderately increased risk for breast cancer. Women were eligible if they were postmenopausal and had at 

least one of the following risk factors: age of 60 years or older; a Gail risk score greater than 1.66%; or a 

prior benign breast condition. Women were considered postmenopausal if they were either: older than 50 

years of age with no spontaneous menses for at least 12 months; age 50 years or younger with no 

spontaneous menses within 12 months of randomization (e.g. spontaneous or secondary to hysterectomy) 

and a follicle-stimulating hormone level within postmenopausal range; or had bilateral oophorectomy. 

Women who had hormonal treatment less than three months prior to randomization, were known carriers 

of the BRCA1 or BRCA2 gene, had a prior malignancy, or a relevant comorbidity were excluded from 

the trial. Subjects for the current study were selected among participants for a vitamin D and breast 

density sub-study of the MAP.3 Trial. For inclusion into this sub-study, participants (n=568) from the 

larger clinical trial were identified from centres located in Canada and New York. IGF-1 levels at baseline 

were obtained for almost all subjects (n=567). Ethics approval for this study was obtained from the 

Queen’s University Health Sciences Research Ethics Board. 

Data Collection 

Prior to randomization, participants were administered a detailed questionnaire ascertaining history of 

prior diseases and treatment, family history of cancer, lifestyle factors and reproductive history. A 

physical examination was performed to obtain anthropometric measurements. Whole blood samples were 

collected for hormone analysis on all subjects enrolled in the study. Samples were collected at their 

respective sites and transferred to the CCTG Pathology Coordinating Office at Queen’s University in 

Kingston, Ontario, Canada, where serum was stored at -80 degrees Celsius.  

Ascertainment of IGF-1 

Non-fasting blood samples were collected and aliquots were stored at -80 degrees Celsius at the CCTG 

Tumour Bank until measurement. Total serum IGF-1 concentrations were measured using enzyme-linked 
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immunosorbent assay (ELISA) kits from Mediagnost (Mediagnost, Phoenix Airmid, Product code E20) 

and was completed by Les Laboratoires BNK Canada Inc (Laval, Quebec, Canada). The IGF-1 ELISA kit 

included a pre-treatment step to free IGF-1 from any binding proteins. Duplicate aliquots from each blood 

sample were analyzed for each individual, and the average of the two measurements was used for data 

analyses. Control samples at known high and low concentrations of IGF-1 were measured to calculate 

inter-assay coefficients of variation (CV). The ranges for the inter-assay CV were 2.7-4.8%; the average 

intra-assay CV was 2.1 % (Range: 0.0-18.6%). 

Cumulative number of menstrual cycles 

The lifetime cumulative number of menstrual cycles (LCMC) was calculated (16) with a few adjustments 

(Appendix A). Adjustments to the method were needed because data in our study were not available in 

sufficient detail to fully apply the method of Chavez-MacGregor et al (2005). Adjustments include: 

assuming that the age of regularization of cycles is equivalent to the age at menarche, each month of 

breastfeeding is equal to 4.348 weeks, and pregnancies that did not go to full term resulted in a 12 week 

absence of cycles, assuming a higher proportion of miscarriages. Although an index that summarizes the 

estrogen-related factors in a measure of the “cumulative number of menstrual cycles” has been previously 

used in breast cancer studies (16-19), no evaluation of the validity of this measure has been published.  

Statistical Analysis  

Multivariable least-squares regression was used to examine the relationship between the reproductive risk 

factors: age at menarche, parity, age at first-full term pregnancy, breastfeeding, oral contraceptive use, 

age at menopause, hormone replacement therapy use, the composite index LCMC; and IGF-1. All 

hormonal risk factors were initially examined in bivariate models with the outcome IGF-1 in a crude 

analysis.  Potential covariates were those with known or suspected associations with IGF-1 and included: 

age, education, body mass index (BMI), height, smoking status, pack-years of smoking, family history of 

benign breast disease, family history of malignant breast disease, prior bisphosphonate therapy, prior 
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cardiovascular drug use, prior lipid lowering drug use and prior SERM use. A parsimonious model 

predicting IGF-1 was selected among these covariates using backward elimination with a liberal P value 

of 0.20. The final parsimonious model included age, BMI, education, and prior lipid lowering drug use, 

and was used in the adjusted analyses of the reproductive exposures of interest. Type III adjusted P values 

are presented for each hormonal factor accompanied by their 95% confidence intervals. A hormonal 

factor with an adjusted P value of <0.05 was considered to be statistically significantly associated with 

IGF-1. All analyses were conducted using SAS (Version 9.4, SAS Institute, Cary, NC). 

3.4 RESULTS 

A summary of the bivariate relationships of IGF-1 and the covariates considered in this study are 

presented in Table 1. IGF-1 had an approximate normal distribution with a slight right skew. The mean 

concentration (SD, range) of IGF-1 was 169.70 ng/mL (55.4, 62.86-442.68). Five hundred and sixty 

seven women were considered in this analysis. Participants were ages 38 to 83 and had a mean age of 62 

years. Over two-thirds of the participants were overweight or obese (BMI≥25). The women were highly 

educated (48.2% of the participants have completed some university), and half of the study participants 

had never smoked with only 5.81% current smokers at questionnaire time.  Almost all participants (96%) 

were Caucasian (non-Hispanic). The effect estimates of the covariates remaining in the parsimonious 

model after backward elimination: age, BMI, education, and prior lipid lowering drug use are also 

presented. The analyses for the hormonal factors of interest are adjusted for this set of covariates.  

Table 2 summarizes the associations of the individual reproductive factors and circulating IGF-1 levels. 

The following description of results focuses on the adjusted models. Age at menarche had a borderline 

significant relationship with IGF-1 although no clear pattern was observed (P=0.0528). Women with an 

average age at menarche (12-13 years) had higher IGF-1 levels than those who attained menarche at an 

earlier (<12 years) or later (≥14 years) age. In addition, a dose-response relationship was observed 

between age at menopause and IGF-1. Compared to women who achieved menopause before age 50 
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years, women who achieved menopause between 50 and 54 years, and 55 years or older, had 11.19 ng/mL 

(2.01, 20.38) and 16.26 ng/mL (1.76, 30.75) higher IGF-1 levels, respectively. Age at first birth, parity, or 

history of breastfeeding were not found to be significantly associated with IGF-1. Exogenous hormones, 

that is, OC use or HRT use did not have any significant relationship with IGF-1 (P=0.36; P=0.31). A 

mutually-adjusted model of the reproductive risk factors did not alter the findings observed (data not 

shown).  

The relationship between the LCMC, an index that summarizes the hormonal factors to reflect a woman’s 

lifetime exposure to endogenous hormones, and IGF-1 is presented in Table 3.  Women in this analysis 

had an average (SD; range) of 422 (100; 82-664) menstrual cycles in their lifetime. A non-linear 

relationship was observed using a continuous representation of the LCMC; thus, the association between 

the categorical representation of LCMC using five equidistant categories (<350, 350-399, 400-449, 450-

499, 500+), and IGF-1 is presented. A dose-response relationship was observed as IGF-1 levels increased.  

Women in the highest category of menstrual cycles (500 cycles or higher) had an average 19.00 ng/mL 

(5.86, 32.14) higher concentration of IGF-1 compared to women in the lowest category (<350 lifetime 

cycles).  

Since not all participants achieved menopause naturally and we included individuals who achieved 

menopause with hysterectomy or bilateral oophorectomy, we also conducted an analysis of the LCMC 

restricted to women who did not have premature menopause. Premature menopause is defined as reaching 

menopause at or before age 40 years (34). Restricting the analysis resulted in a stronger association 

between the LCMC and IGF-1. Women in the highest category of menstrual cycles (500 cycles or higher) 

had an average 26.61 ng/mL (9.64, 43.58) higher concentration of IGF-1 compared to the lowest category 

(<350). Further adjustment for HRT use did not change this relationship (data not shown).   



 

 

 

60 

3.5 DISCUSSION 

In this cross sectional study of 567 healthy postmenopausal women, a longer lifetime exposure to 

endogenous estrogen was positively associated with circulating IGF-1. A higher number of LCMC and a 

later age at menopause increased postmenopausal IGF-1 levels. No significant relationship was observed 

between age at menarche, age at first birth, parity, or history of breastfeeding; and IGF-1. Exogenous 

estrogens, OC and HRT, were not found to have a significant influence on postmenopausal IGF-1.  

It has been suggested that estrogen plays a role in modifying IGF-1 concentrations (20,21). First, estrogen 

may result in elevated IGF-1 production by increasing GH signaling. For instance, estrogen treatment has 

been shown to increase hepatic GH receptor binding (35), which stimulates the synthesis and secretion of 

IGF-1. Second, estrogen may directly increase the production of IGF-1 through transcriptional 

mechanisms. Estrogen has been shown to increase IGF-1 mRNA expression by activating the estrogen 

receptor α (ERα)  (36,37), which is the predominant type expressed in the liver (38). Specifically, ERα 

binds and recruits co-activator proteins to the promoter region of IGF-1 (37,39) to increase transcriptional 

activity. ERα activity was reported to increase IGF-1 mRNA in the liver and IGF-1 protein; whereas, 

selective ablation of liver ERα  decreased circulating IGF-1(40), providing further evidence of estrogen 

modulation of IGF-1 production. Finally, long term estrogen exposure may regulate steady-state levels of 

ERα in the liver. Taken together, it is biologically plausible that long term estrogen exposure increases 

IGF-1 production over time and result in higher postmenopausal IGF-1 levels.  

A younger age at menarche and a later age at menopause increase a woman’s number of ovulatory cycles 

in her lifetime and subsequently her cumulative estrogen exposure. Studies have reported that IGF-1 

levels decrease with a later age at menarche (7,23) and increase with a later age at menopause (32), 

consistent with the hypothesis of elevated IGF-1 levels due to longer lifetime estrogen exposure. 

Although we found IGF-1 levels decreased with a later age at menopause, we found no clear association 

between IGF-1 and age at menarche, in accordance with other studies (29,31). Moreover, one study 
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reported higher IGF-1 levels with a later age at menarche (28), contrary to our hypothesis and the other 

studies. A possible explanation for the discordant findings may be the misclassification of long term 

estrogen exposure; a woman with a younger age at menarche does not necessarily have a longer lifetime 

estrogen exposure as it is possible for her to enter menopause earlier than an individual who attained 

menarche at an older age. This explanation can also be extended to the heterogeneous findings in the 

association between IGF-1 and the other reproductive factors: parity, age at first birth and breastfeeding. 

Although IGF-1 has been observed to decrease with higher parity (25,30), we found no association 

consistent with the majority of studies (23,26,28,29,32). One study reported that IGF-1 was positively 

associated with age at first full-term pregnancy (7),  but our study and another in a Singapore cohort did 

not replicate this finding (23). Similar to previous findings, breastfeeding did not affect IGF-1 levels 

either (28).  Due to the potential misclassification of long term estrogen exposure when examining the 

independent effects of the reproductive factors, the effect of long term estrogen exposure may be more 

apparent when the factors are evaluated together in a summary measure. Furthermore, the summary 

measure may be a more accurate representation of long term estrogen exposure as it captures the 

cumulative effect of the individual reproductive risk factors.  

Indeed, the composite measure LCMC created by combining several of the reproductive factors related to 

lifetime endogenous estrogen exposure had the strongest association with circulating postmenopausal 

IGF-1 levels. With the exception of age at menopause, no other individual reproductive risk factor 

demonstrated a pattern of association with IGF-1 as consistent as the LCMC. Combining multiple 

reproductive factors into a single measure as a proxy for lifetime estrogen exposure is not a new concept. 

Several studies have used a similar measurement in predicting cognitive function (41,42), and the risk of 

developing breast cancer (16–19) and neurodegenerative diseases (43–45). To date, this is the first study 

to examine the relationship between an index of lifetime estrogen exposure and IGF-1 levels later in life.    
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We found that IGF-1 levels were more strongly associated with LCMC when women who had premature 

menopause were excluded from the analysis. Although some individuals in our study population achieved 

menopause before age 40 years through bilateral oophorectomy, the majority of individuals with 

premature menopause (86.36%) did not. Premature menopause is often idiopathic but genetic or 

autoimmune causes are also possible (46).  Numerous adverse health outcomes including cognitive 

impairment, coronary heart disease, osteoporosis, mood disorders, and increased overall mortality are 

associated with premature menopause (47). As a result, HRT is often recommended to attenuate the 

adverse effects of premature menopause (46). However, further adjustment for duration of HRT in our 

study did not change our results suggesting that other differences between women with and without 

premature menopause are likely responsible for the stronger effects observed when women with 

premature menopause are excluded. 

While IGF-1 levels increased with longer lifetime exposure to endogenous estrogen, postmenopausal 

IGF-1 levels did not appear to be influenced by exogenous estrogens such as OC or HRT. Some studies 

have reported higher IGF-1 concentrations in women who have previously used OC (7,48). However, our 

results do not support this association, similar to another study of null findings (23).  

 Studies examining the effect of past exogenous estrogen use on IGF-1 levels are limited; but, numerous 

studies have provided evidence that current use of exogenous estrogens suppresses IGF-1 production. 

Oral estrogens have been shown to reduce serum IGF-1 levels in postmenopausal women (25,49–51); yet, 

transdermal estrogen administration has no effect on IGF-1 (49–53), indicating that the route of 

administration is important to consider. The reasons for the seemingly opposite effects of endogenous and 

exogenous estrogens on IGF-1 are unclear. Oral estrogens may result in supraphysiologic concentrations 

of estrogen that inhibit IGF-1 secretion through a first-pass effect in the liver which transdermal estrogen 

avoids by distributing the hormone directly into the systemic circulation. In fact, liver concentrations of 

estrogen are four to five times that of the systemic circulation when oral estrogens are used (54). A 
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supraphysiologic hepatic concentration of estrogen can modulate the synthesis of many proteins including 

the binding proteins for several steroid hormones (20), which may be responsible for the differential 

effects of endogenous and exogenous estrogens on IGF-1 levels.  

It is also possible that a threshold of estrogen concentration exists before stimulation of IGF-1 synthesis 

turns inhibitory. Notably, in the absence of a functional GH receptor resulting in low serum 

concentrations of IGF-1, estrogen stimulates hepatic IGF-1 production (55). Evidence has also suggested 

that IGF-1 concentrations correlate with estrogen levels throughout the menstrual cycle. In fact, studies 

have reported an increase in circulating IGF-1 levels ranging from 10% to 15% in the luteal compared to 

the follicular phase of the menstrual cycle, when estrogen also increases (56–59).  

Still, it is unclear whether long term effects on postmenopausal IGF-1 levels exist after cessation of 

exogenous hormone use. It has been suggested that past use of exogenous hormones may depend on the 

timing of use and the type of synthetic estrogens used (48). Given the limited research into the effects of 

past exogenous hormone use and our null findings, further studies taking into consideration the timing 

and type of use are warranted.  

Although a number of variables have been thought to influence IGF-1 levels, age is the most consistent 

predictor of circulating IGF-1 (60). IGF-1 levels decrease steadily with age such that the median (1
st
 -99

th
 

percentiles) IGF-1 concentrations of an individual between ages 30-40 and ages 60-70 are 188 (87-404) 

ng/mL and 161 (72-362) ng/mL, respectively, according to the assay used in this study. Given the 

increased risk of breast cancer associated with elevated IGF-1 levels (7,61) and that the participants were 

selected into the parent trial based on having a moderately increased risk for breast cancer, it is not 

unexpected that the IGF-1 concentrations of the participants in this analysis were slightly higher than the 

normal range.  
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We have observed that a higher LCMC, as a proxy for lifetime estrogen exposure, is associated with 

higher circulating levels of IGF-1. Excluding women with premature menopause, women with a LCMC 

greater than 500, have an average 26.61 ng/mL (95% CI: 9.64, 43.58) higher concentration of IGF-1 after 

menopause, compared to women with a LCMC less than 350, which corresponds to a 0.48 standard 

deviation (SD) increase in this study. An increase in 1 SD of IGF-1, has been associated with an odds 

ratio of 1.17 (1.04-1.33) for estrogen-receptor positive breast cancer (36). Therefore, our results provide 

support for the hypothesis that a longer lifetime exposure to endogenous estrogen affects breast cancer 

risk in part by elevated IGF-1 levels.   

Since this study was conducted primarily in Caucasian postmenopausal women, the results may have 

limited generalizability. Indeed, postmenopausal IGF-1 levels have been reported to significantly vary 

across racial/ethnic groups (30) ; therefore, applying these findings to other racial groups should be done 

with caution. Further, IGF-1 levels have been observed to decrease rapidly after menopause (62), such 

that IGF-1 levels are higher in premenopausal compared to postmenopausal women(63). Given that age at 

menopause was the only significant reproductive factor to independently predict IGF-1 in this study, the 

length of the reproductive lifespan as determined by age at menopause may result in long term 

physiological changes that increase postmenopausal circulating concentrations of IGF-1. Further 

investigations into whether a critical estrogen period before menopause, such as the length between age at 

menarche and age at first full-term pregnancy, have a similar effect on premenopausal IGF-1 levels are 

warranted.  

Information regarding certain factors that have been reported to influence IGF-1 levels, such as alcohol 

consumption (59), diet (64,65) and physical activity (66), were not available and thus, could not be 

investigated as potential covariates in this study. In addition, more detailed information on certain 

exposures, such as the timing and type of exogenous hormones used, may have enhanced our findings. 

Nevertheless, we were still able to examine and adjust for several covariates, some of which have never 
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been considered in a study of IGF-1 determinants. These include level of education and prior lipid 

lowering drug use, which has been shown to influence IGF-1 expression in experimental findings (67).  

Understanding the determinants of IGF-1 is important given the increasing epidemiological evidence 

suggesting that elevated concentrations of circulating IGF-1 are associated with an increased risk for 

breast cancer (5,7). Although there have been several studies that combine different reproductive 

characteristics into an index as a proxy for endogenous hormone exposure (16,18,19), this is the first to 

investigate this measure with respect to IGF-1 levels. In summary, our findings demonstrate that a larger 

number of menstrual cycles in one’s lifetime and a later age at menopause are associated with higher IGF-

1 levels after menopause. Elevated IGF-1 levels may be one mechanism by which prolonged endogenous 

estrogen exposure increases cancer risk. As the LCMC summarizes several hormonal risk factors and was 

more strongly associated with IGF-1 than any of the individual factors alone, future studies may consider 

using a similar summary measure when investigating reproductive characteristics.  
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Table 1 Characteristics of study participants by covariate status (N=567) and their bivariate and 

multivariable relationships with IGF-1  

Characteristic 
N (%) / 

 Mean [SD] 

Crude Adjusted
a
 

Effect Estimate  

(95% CI) 
P value 

Effect Estimate 

(95% CI) 
P value 

Age (years) 62 [6.5] -1.95 (-2.63,-1.27) <.0001 -2.18 (-2.89, -1.47) <.0001 

BMI (kg/m
2
)         

<25 174 (30.6%) (Reference) <.0001 (Reference) <.0001 

25-29.99 192 (33.8%) -4.51 (-15.68, 6.66)  -5.15 (-16.32, 6.02)  

30-34.99 120 (21.1%) -12.06 (-24.72, 0.59)  -11.77 (-24.63, 1.08)  

≥35 81 (14.2%) -37.95 (-52.30, -23.60)  -39.00 (-53.67, -24.33)  

Continuous 28.59 [5.75] -2.05 (-2.83, -1.27) <.0001    

Education         

≤High School 146 (25.7%) (Reference) 0.2595 (Reference) 0.1181 

College 148 (26.0%) -10.57 (-23.27, 2.13)  -12.37 (-24.41, -0.33)  

≥University 274 (48.2%) -4.47 (-15.64, 6.68)  -7.82 (-18.44, 2.79)  

Prior Medication 

Use (Yes vs No) 
    

 
  

 

Lipid lowering 

drug use 
154 (27.1%) 5.23 (-16.34, 4.22) 

0.2476 
7.34 (-2.94, 17.63) 

0.1840 

Bisphosphonate 

therapy 
127 (22.3%) -9.55 (-20.51, 1.40) 

0.0873 
  

 

Cardiovascular 

drug use 
196 (34.5%) 4.89 (-17.51, 1.70) 

0.1066 
  

 

Height (m) 1.618 [0.06] 57.27 (-15.01,129.56) 0.1202    

Family history 

(Yes vs No) 
    

 
  

 

Benign Breast 

Disease 
97 (17.0%) -4.56 (-16.77,7.63) 

0.4623 
  

 

Malignant Breast 

Disease 
367 (64.6%) 13.86 (4.34, 23.39) 

0.0044 
  

 

Smoking         

Never 289 (50.8%) (Reference) 0.3582    

Former 246 (43.3%) -6.86 (-16.32, 2.59)     

Current 33 (5.81%) -4.70 (-24.73, 15.31)     

a Only estimates for covariates remaining in the parsimonious model after backward elimination with p<0.20 are 

shown. 
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Table 2 Univariate and Multivariable Analyses of Hormonal risk factors and IGF-1 (N=567) 

  Crude Adjusted
a
 

 N β (95% CI) P value β (95% CI) P value 

Age at Menarche        

<12 126 (Reference) 0.02 (Reference) 0.05 

12-13 314 10.70 (-0.73,  22.13)  7.03 (-4.76, 17.17)  

≥14 127 -3.73 (-17.36, 9.90)  -6.09 (-19.18, 6.99)  

Age at First Birth       

≤20 85 (Reference) 0.10 (Reference) 0.82 

21-25 196 -0.94 (-15.27, 13.39)  2.14 (-11.81, 16.09)  

26-30 109 3.62 (-12.34, 19.60)  0.14 (-15.92, 16.21)  

≥31 63 18.81 (0.45, 37.16)  7.76 (-10.70, 25.99)  

Continuous 453 1.14 (0.13, 2.15) 0.03 0.073 (-0.33,0.48) 0.72 

Parity        

Nulliparous 119 (Reference) 0.03 (Reference) 0.51 

One 53 8.43 -9.45, 26.32)  2.38 (-15.03,19.81)  

Two 152 -3.70 (-16.96, 9.55)  -4.37 (-17.26, 8.514)  

Three 114 8.66 (-5.53, 22.85)  4.80 (-8.967,18.58)  

Four or more 129 -12.15 (-25.92, 1.61)  -6.06 (-19.86,7.736)  

Age at Menopause       

<50 287 (Reference) 0.01 (Reference) 0.01 

50-54 219 14.35 (4.64,24.07)  12.01 (2.71,21.32)  

≥55 61 12.86 (-2.39, 28.13)  17.01 (2.32, 31.71)  

Continuous 567 0.89 (0.23, 1.58) <0.01 0.791 (0.14,1.43) 0.02 

History of Breastfeeding      

Never 274 (Reference) 0.28 (Reference) 0.22 

<10 months 161 10.42 (-0.38,21.24)  10.31 (0.05, 20.57)  

10-20 months 76 1.01 (-13.10,15.12)  -1.18 (-12.76, 18.06)  

≥ 20 months 56 0.69 (-15.27, 16.66)  2.65 (-12.76, 20.57)  

Oral Contraceptive       

Never users 101 (Reference) 0.09 (Reference) 0.36 

<5 years 211 9.25 (-3.89,22.39)  -1.36 (-11.47,17.94)  

5-10 years  132 4.24 (-10.11,18.60)  -8.22 (-22.66, 6.22)  

≥10 years 123 17.77 (3.18, 32.35)  3.23 (-14.55, 11.82)  

Hormone Replacement Therapy       

Never users 229 (Reference) <0.01 (Reference) 0.31 

< 5 years 146 -11.39 (-22.79, 0.01)  -5.31 (-16.44, 5.82)  

5-10 years  84 -11.75 (-25.48, 1.98)  -6.17 (-19.45, 7.11)  

≥10 years 108 -25.61 (-38.18, -13.04)  -12.16 (-25.08, 0.76)  
a
 The associations between IGF-1 and the individual hormonal factors were adjusted for age (continuous), BMI 

(<25, 25-29.99, 30-34.99, 35+), education level (high school/ college /university+), and prior lipid lowering drug use 

(yes/no).  
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Table 3 Univariate and multivariable analyses of lifetime cumulative number of menstrual cycles and 

IGF-1  

  Crude  Adjusted
a
  Restricted

b
 

 N 
Mean (SD) / 

β (95% CI) 
P  

 
β (95% CI) P  

 N β (95% 

CI) 
P  

82-350 116 159.52 (47.98) 0.0204  (Reference) 0.0430  52 (Reference) 0.0271 

350-399 86 162.40 (46.48)  
 

1.59 
(-13.06, 

16.24) 
 

 85 
10.51 

(-7.77, 

28.80) 
 

400-449 116 167.80 (65.26)  
 

5.30 
(-8.18, 

18.80) 
 

 115 
14.38 

(-2.93, 

31.71) 
 

450-499 117 172.29 (53.34)  
 

6.99 
(-6.54, 

20.53) 
 

 117 
15.83 

(-1.46, 

33.13) 
 

500-670 132 181.50 (59.38)  
 

19.00 
(5.86, 

32.14) 
 

 132 
26.61 

(9.64, 

43.58) 
 

a
 Adjusted for age (continuous), BMI (<25, 25-29.99, 30-34.99, 35+), education level (high school/ college 

/university+), and prior lipid lowering drug use (yes/no) 
b
 Restricted to participants without premature menopause  (i.e. age at menopause <40 years old) 
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Chapter 4 

Effect of exemestane on serum insulin-like growth factor I levels in healthy 

postmenopausal women.  
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4.1 Abstract  

Background: Insulin-like growth factor-I (IGF-1) is a mitogenic peptide hormone that is positively 

associated with an increased risk for developing breast cancer. Women at an increased risk for breast 

cancer may benefit by having reduced circulating IGF-1. Aromatase inhibitors have been observed to 

prevent breast cancer development and modification of IGF-1 may be one mechanism by which 

chemoprevention occurs. A higher body mass index (BMI) may affect the efficacy of AIs due to higher 

aromatization in excess adipose tissue.  

Methods: 568 healthy postmenopausal women on exemestane or placebo were selected from a substudy 

of the Canadian Clinical Trial Group’s (CCTG) Mammary Prevention.3 (MAP.3) Trial. Serum IGF-1 

levels were measured at baseline and after 12 months of therapy. Changes in IGF-1 were compared 

between the two treatment arms and effect modification by BMI was tested with an interaction term.  

Results: Exemestane significantly increased IGF-1 levels by 18% (95% CI: 14%-22%); while, placebo 

had no effect on IGF-1. The changes in IGF-1 were significantly different between the treatment arms 

(P<0.0001) and no significant interaction was observed between treatment and BMI on IGF-1 changes 

(P=0.1327).  

Conclusion: We conclude that the reduced cancer risk observed with AI therapy likely occurs in an IGF-

1 independent mechanism. Further studies exploring the clinical consequences of increased IGF-1 on AI 

therapy are needed.  
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4.2 Introduction  

Insulin-like growth factor-1 (IGF-1) is a peptide hormone required for estrogen to cause mammary 

development during pubery
1
; however, deregulation of the IGF-1 pathway is associated with breast cancer 

development
2
. Evidence suggests that elevated circulating IGF-1 levels  are positively associated with the 

development of estrogen receptor positive (ER
+
) breast tumors 

3
. Therefore, women with an increased risk 

for breast cancer may benefit by having reduced circulating IGF-1.   

The selective estrogen receptor modulators (SERMs), tamoxifen and raloxifene, have been shown to 

suppress IGF-1 concentrations
4, 5

 and prevent the development of breast cancer
6, 7

. SERMs disrupt 

estrogen signaling by acting as estrogen receptor agonists or antagonists depending on the target tissue 

and increase circulating estrogen
8
. Despite the approval of tamoxifen and raloxifene for breast cancer 

prevention, uptake has been low due to the concerns of potential side effects, which includes endometrial 

cancer, thromboembolic events, and menopausal symptoms
9
.  

Aromatase inhibitors (AIs), which lower plasma estrogen by inhibiting the enzyme aromatase, may be an 

alternative for breast cancer chemoprevention since exemestane and anastrozole were observed to reduce 

the incidence of breast cancer in postmenopausal women with less severe side effects
10, 11

.  Increased 

adipose tissue results in elevated estradiol levels by increasing aromatization in postmenopausal women
12

. 

Hence, body mass index (BMI) may affect the efficacy of AIs. Indeed, AIs are less efficient at 

suppressing serum estradiol levels in women who are obese than non-obese 
13

.   

We investigated the effect of the AI exemestane on serum IGF-1 levels after one year in healthy 

postmenopausal women at an increased risk for breast cancer. A secondary objective was to examine the 

extent to which the effect of exemestane on IGF-1 changes is modified by BMI.  

Participant Selection 
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The Canadian Cancer Trials Group (CCTG) Mammary Prevention.3 trial (MAP.3) was an international, 

randomized, double-blind, placebo-controlled trial of exemestane for the reduction of invasive breast 

cancer for which the study methods have been previously described
10

. Briefly, 4560 postmenopausal 

women at a moderately increased risk for breast cancer were recruited between 2004 and 2010. Women 

were eligible if they were postmenopausal and had at least one of the following risk factors: aged 60 years 

or older; a Gail risk score greater than 1.66%; or a prior benign breast condition. 

Subjects (n=568) for this current study were selected among participants for a vitamin D and breast 

density sub-study of the MAP.3 Trial which included participants from centres in Canada and New York 

state. Prior to randomization, participants completed a questionnaire regarding their history of prior 

diseases and treatment, family history of cancer, lifestyle factors and reproductive history. 

Anthropometric measurements were obtained by a physical examination. Whole blood samples were 

collected at their respective sites on all subjects upon enrollment and approximately one year later for 

protocol specified and future research purposes and later transferred to the CCTG Pathology Coordinating 

Office at Queen’s University in Kingston, Ontario, Canada, where serum was stored at -80 degrees 

Celsius. Ethics approval for this study was obtained from the Queen’s University Health Sciences 

Research Ethics Board.  

Sample collection and serum analyses   

Non-fasting blood samples were collected and aliquots were stored at -80 degrees Celsius at the CCTG 

Tumour Bank until measurement. Les Laboratoires BNK Canada Inc (Laval, Quebec, Canada) measured 

total serum IGF-1 concentrations by enzyme-linked immunosorbent assay (ELISA) kits from Mediagnost 

(Mediagnost, Phoenix Airmid, Product code E20).  

Duplicate aliquots of each sample were analyzed for each individual, and the average of the two 

measurements was used for data analyses. Control samples at known high and low concentrations of IGF-
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1 were measured to calculate inter-assay coefficients of variation (CV). The ranges for the inter-assay CV 

were 2.7-4.8%; the average intra-assay CV was 1.9% (Range: 0.0-18.6%). 

Statistical Design and Analysis  

Baseline IGF-1 levels were obtained for almost all subjects (n=567) while 88% of IGF-1 levels at year 1 

were available (n=502). 9.3% (n=26) of women on placebo and 13.6 % (n=39) of those on exemestane 

did not provide IGF-1 levels at year; and, the differences in missing follow-up IGF-1 measurements were 

not statistically different (P=0.11) by treatment arm. 88% (n=501) of the subjects in this study had both 

baseline and year 1 IGF-1 levels available for analysis and comprised the study sample.  

Baseline characteristics of participants in the exemestane arm and the placebo arm were compared using 

𝜒2 tests and Fisher’s exact tests for categorical variables; and t tests for continuous variables. The 

absolute change and relative change from baseline of IGF-1 levels were calculated. Mean differences and 

mean change differences between IGF-1 levels in the treatment and placebo group were compared using 

independent sample t tests, and differences between baseline and year 1 follow-up values were analyzed 

with paired t tests separately for each group.  Seven women on exemestane discontinued therapy prior to 

12 months and were excluded in a separate per-protocol analysis. Effect modification by BMI was 

assessed by including an interaction term between BMI and treatment in multivariable models. Statistical 

analyses were conducted using SAS (Version 9.4, SAS Institute, Cary, NC). Two-sided P values <0.05 

were considered statistically significant.  

4.3 Results 

501 participants were available for analysis; 248 received exemestane and 253 received placebo. Table 1 

displays the distribution of characteristics according to study arm of the study population at baseline. In 

this subset of trial participants, the exemestane and placebo groups were well balanced for age, BMI, 

education, ethnicity and prior medication history. Women who received exemestane were more likely to 

be younger at menopause.  
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Table 2 shows the changes in IGF-1 over 12 months among the exemestane and placebo groups. IGF-1 

levels were similar in the two study groups at baseline. The absolute and percent changes in IGF-1 were 

significantly different between the two groups with IGF-1 levels increasing and decreasing with 

exemestane and placebo, respectively.  IGF-1 levels in the exemestane group increased by 18.28% (95% 

CI: 14.24-22.33 %); while, IGF-1 levels in the placebo group decreased non-significantly by -1.41% 

(95% CI: -5.65 - 2.84%). Adjusting for age at menopause did not change these findings (data not shown). 

The changes in IGF-1 for both comparison groups were similar in both the intention to treat and per 

protocol analyses.  

No statistically significant interaction with BMI was observed for the association between treatment and 

change in IGF-1 levels (Table 3). Qualitatively, a greater increase in IGF-1 associated with exemestane 

was observed in women with a higher BMI.   

4.4  Discussion 

In this study of postmenopausal women at a moderately increased risk for breast cancer, we investigated 

whether exemestane, which has been shown to reduce the risk of developing invasive breast cancer
10

, had 

an effect on circulating IGF-1, which has been implicated in breast cancer risk 
3
 and side effects including 

edema, orthostatic hypotension, headaches, lethargy, joint swelling/pain and bloatedness
14, 15

. We found 

that after one year, exemestane significantly increased IGF-1 while IGF-1 levels did not change for those 

on placebo. 

Eleven studies have examined the effect of AI therapy on IGF-1 in women 
16–26

; six of these studies 

observed an increase in IGF-1
16, 17, 21, 23–25

 while the others found no changes, at the last blood 

measurement time.  Given that normal IGF-1 levels have a wide variation and previous studies had small 

sample sizes, it is possible that the studies reporting no changes in IGF-1 did not have sufficient statistical 

power. Previous studies had a range of 17-52 
22, 27

 participants on AI therapy. Our study, being the largest 

with 248 individuals on AI therapy, is consistent with most reports that AI therapy increases IGF-1. In 
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addition, this study is the second to observe a difference in IGF-1 changes between those on AI therapy 

and those on placebo
23

, providing further evidence that the increase in IGF-1 is due to AI therapy and not 

the result of other factors.  

Our study provides evidence of elevated IGF-1 with long term AI therapy and the growing body of 

evidence suggests estrogen regulates IGF-1 secretion. It has been suggested that estrogens suppress 

hepatic IGF-1 production
28

. Antagonizing estrogen production with AI treatment may remove the 

inhibitory effect of estrogen and result in higher IGF-1 concentrations. These findings are in contrast to 

the effects of SERMs, which decrease circulating IGF-1
4, 5

.  The observed differences may be attributed to 

the different mechanisms of action: SERMs antagonize estrogen signaling at the estrogen receptor and the 

third generation AIs block the conversion of androstenedione and testosterone to estrone and estradiol, 

respectively. Hence, SERMS increase
8
 while AIs decrease circulating estrogen levels and affect IGF-1 

secretion accordingly. Furthermore, a threshold level of androgens has been speculated for hepatic IGF-1 

production
29

. Given that free testosterone has been observed to increase in women on AIs
30

, higher 

testosterone levels may be another mechanism by which AI therapy increases IGF-1 production.  

We observed no significant interaction between BMI and treatment on changes in IGF-1. Still, it is 

interesting that IGF-1 levels increased to a greater extent in women with a higher BMI on exemestane. 

BMI affects estrogen levels, with overweight individuals having higher levels compared to normal-weight 

individuals. In postmenopausal women, the conversion of androgenic precursors by aromatase in adipose 

tissue is a major source of estrogen. Aromatization is believed to be higher in obese individuals and 

aromatases in excess fatty tissue may not be fully inhibited by AI therapy
13

. If estrogens indeed suppress 

IGF-1 secretion and the efficacy of AI therapy is reduced in individuals with a higher BMI, we would 

expect increases in IGF-1 to be lower among those with a higher BMI, which was not observed.  

Strengths of this study include its large sample and sufficient power to examine changes in IGF-1 and the 

placebo controlled design. It is also the third to examine IGF-1 levels one year after therapy, while most 
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studies have the last measurement time at 3 or 6 months.  However, there are several limitations that 

should be acknowledged. First, measurements of circulating IGF-1 at multiple time points would have 

provided a clearer picture of the longitudinal changes in IGF-1 on AI therapy. It is possible that AI 

therapy causes acute changes in IGF-1 levels, but that IGF-1 levels return to baseline values over time. 

However, most studies have only looked at short-term effects (≤1 year).   Additionally, since IGF-1 levels 

are affected by race/ethnicity, these findings may not be generalizable to populations that are not largely 

Caucasian.  

For AIs to be used in preventive settings, having information on their effects in healthy women may be 

helpful to characterize their underlying mechanism and potential systemic effects.  We therefore 

examined the effect of exemestane on IGF-1 in healthy postmenopausal women and whether this effect 

was modified by BMI.  This study provides evidence that the IGF-1 system is regulated in part by 

estrogen, where estrogen depletion by exemestane increased circulating IGF-1 levels after one year in 

healthy postmenopausal women; this effect was not modified by BMI at baseline. Still, the clinical 

consequences of increased circulating IGF-1 concentrations in this population are unknown. Our findings 

are inconsistent with IGF-1 levels mediating the effect of AIs on breast cancer risk reduction, but may be 

involved in the presence of side effects on AI therapy, such as joint stiffness and anthralgia
20, 22

. Further 

studies are needed to understand the clinical implications of elevated IGF-1 on AI therapy.  
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Table 1 Characteristics of women treated with exemestane and treated with placebo (n=501) 

 Exemestane (n=248) Placebo (n=253) 
P value 

a  

 Mean [SD]/ N (%) Mean [SD]/ N (%) 

Age 61.5 [6.5] 62.1 [6.3] 0.30 

Age at Menarche      

<12 53 (21.37%) 53 (20.95%) 0.31 

12-13 148 (59.68%) 138 (54.55%)  

≥14 47 (18.95%) 62 (24.51%)  

Age at First Birth       

<24 92 (37.10%)  88 (34.78%) 0.80 

24-29 73 (29.44%) 74 (29.25%)  

≥30 33 (13.31%) 38 (15.02%)  

Parity       

None 53 (21.37%) 54 (21.34%) 0.11 

One 19 (7.66%) 27 (10.67%)  

Two 57 (22.98%) 78 (30.83%)  

Three  56 (22.58%) 45 (17.79%)  

Four or more  63 (25.40%) 49 (19.37%)  

Age at Menopause       

<50 144 (58.06%) 109 (43.08%) <0.01 

50-54 74 (29.84%) 119 (47.04%)  

≥55 30 (12.10%) 25 (9.88%)  

Exogenous Hormones      

Oral contraceptive users 210 (84.68%) 206 (81.42%) 0.33 

Hormone replacement therapy users 151 (60.89%) 142 (56.13%)) 0.27 

Other Prior Medication       

Cardiovascular  Drugs  75 (30.24%) 96 (37.94%) 0.07 

Bisphosphonates  57 (22.98%) 58 (22.92%) 0.98 

Lipid Lowering Drugs  69 (27.82%) 64 (25.30%) 0.41 

Education       

≤High School 58 (23.39%) 69 (27.27%) 0.42 

College 72 (29.03%) 62 (24.51%)  

≥University  118 (47.58%) 122 (48.22%)  

Smoking status       

Never  126 (50.81%) 127 (50.20%) 0.53 

Former 106 (42.74%) 115 (45.45%)  

Current  16 (6.45%) 11 (4.35%)  

Family history      

Benign breast disease 38 (15.32%) 43 (17.00%) 0.74 

Malignant breast disease  173 (69.76%) 156 (61.66%) 0.06 
a
 P values calculated using 𝜒2 tests for categorical variables; and t tests for continuous variables. 
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Table 2 Baseline and year 1 IGF-1 concentrations among women treated with exemestane and women 

treated with placebo  

 Baseline   1 year  Absolute change  
(95% CI) 

% Change 
 (95% CI)  N Mean (SD)  N Mean (SD) 

Intention-to-treat (n=501)      

Exemestane 248 
171.1 

(55.3) 

 
248 

194.0 

(57.1) 

22.87
b
  

(17.31, 28.43) 

18.28 

 (14.24, 22.33) 

Placebo 253 
172.2 

(56.2) 

 
253 

163.6 

(54.3) 

-8.58
b
  

(-14.36, -2.79) 

-1.41  

(-5.65, 2.84) 

P value  0.8268
a
   <.0001

a 
<.0001

c 
<.0001

d
 

Per-protocol analysis (n=494)      

Exemestane  241 
170.2 

(55.4) 

 
241 

194.2 

(57.5) 

23.90  

(18.28, 29.52) 

18.95 

 (14.83, 23.08) 

Placebo 253 
172.2 

(56.2) 

 
253 

163.6 

(54.3) 

-8.58  

(-14.36, -2.80) 

-1.41  

(-5.65, 2.84) 

P value  0.6962
a
   <.0001

a 
<.0001

b 
<.0001

b
 

a
 Independent sample t test for mean differences between women treated with exemestane and the placebo 

group 

b
 Paired t test for mean differences between baseline and 1 year  

c 
Independent samples t test for mean absolute change and percent change differences between women 

treated with exemestane and placebo group 
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Table 3 Effect of intervention arm on absolute and percent changes in IGF-1, stratified by BMI at 

baseline 

 

 

IGF-1 

 
N 

Baseline 

Mean (SD) 

IGF-1 at year 1 (SE)  
Change (SE) % Change (SE) 

Placebo 

 

    

B
M

I 
 <25 78 185.95 (66.13) 172.78 (6.24) -13.17 (5.15) -5.07 (3.76) 

25-29.99 85 177.31 (49.25) 165.10 (5.98) -12.2 (4.94) -2.99 (3.60) 

30-34.99 58 163.58 (52.54) 165.02 (7.24) 1.43 (5.98) 6.32 (4.36) 

≥35 32 140.78 (38.60) 134.90 (9.74) -5.88 (8.05) -2.27 (5.87) 

Exemestane  

  

 

  

B
M

I 

<25 78 176.72 (57.62) 193.90 (6.23) 17.18 (5.15) 13.34 (3.76) 

25-29.99 85 176.50 (50.86) 202.47 (5.97) 25.97 (4.94) 19.79 (3.60) 

30-34.99 47 178.20 (59.19) 195.85 (8.03) 17.65 (6.64) 14.88 (4.84) 

≥35 37 138.89 (45.92) 173.22 (9.05) 34.32 (7.45) 29.53 (5.46) 

 

   

 pinteraction=0.21 pinteraction= 0.13 
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Chapter 5 

General Discussion 

5.1 Study Summary 

The purpose of this thesis was to determine the relationship between estrogen exposure and 

circulating insulin-like growth factor-1 (IGF-1) levels in healthy postmenopausal women. Specifically, 

this thesis sought to distinguish between the effects of past lifetime and current estrogen exposure on 

postmenopausal IGF-1 levels in the blood. Individuals at the higher range of normal circulating IGF-1 

levels are at an increased risk for developing several common cancers, including breast cancer, and may 

therefore benefit by having reduced IGF-1.  

To address the first objective, that is, to examine the relationship between lifetime estrogen 

exposure and circulating IGF-1 levels, a cross sectional study was conducted. A randomized controlled 

design was used to address the second objective: to determine the effect of estrogen withdrawal, by 

inhibiting aromatase with exemestane, on IGF-1 in healthy postmenopausal women. The findings of this 

thesis highlight the complex mechanisms by which estrogen modulates IGF-1 production. A longer 

lifetime exposure to estrogen, and estrogen depletion with aromatase inhibitor (AI) therapy, are both 

associated with an increase in IGF-1 levels. This chapter further discusses these findings.  

5.2 Summary of major findings 

The first manuscript investigated the relationship between known reproductive risk factors, as a 

proxy for lifetime estrogen exposure, and postmenopausal IGF-1 levels.  Of the individual reproductive 

risk factors, age at menopause was the only factor to be significantly associated with IGF-1. Women who 

entered menopause at a later age had higher circulating IGF-1 levels. Although not statistically 

significant, the majority of the reproductive factors had an effect estimate consistent with elevated IGF-1 

levels with a longer lifetime ovarian hormone exposure. Notably, a greater lifetime cumulative number of 

menstrual cycles (LCMC), a composite measure summarizing the reproductive risk factors, was 
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associated with higher postmenopausal IGF-1 levels in a dose-response relationship. This is the first study 

to examine the cumulative effects of reproductive risk factors on circulating IGF-1. Exogenous hormones, 

that is oral contraceptive (OC) and hormone replacement therapy (HRT) use, were not found to influence 

IGF-1 levels. Since higher levels of circulating IGF-1 have been associated with a greater risk of breast 

cancer (1) and a greater LCMC was shown to be associated with elevated IGF-1, IGF-1 may be a 

mediator of long term estrogen exposure on breast cancer risk.  

Apart from increasing the risk of breast cancer, a longer lifetime exposure to estrogen is also 

related to other health outcomes, including improved cognitive function [13,14] and protection against 

neurodegenerative diseases [19–21]. For instance, a longer cumulative estrogen exposure is associated 

with a reduced risk  of Alzheimer’s disease [20]. Low serum levels of IGF-1 are also associated with an 

increased risk of developing Alzheimer disease dementia [22]. It is possible that IGF-1 levels mediate the 

protective effect of cumulative estrogen exposure on the risk of Alzheimer’s disease. Therefore, the 

applications of the first manuscript go beyond breast cancer etiology.  

The second manuscript examined the effect of estrogen withdrawal, via AI therapy, on circulating 

IGF-1 levels in healthy postmenopausal women, and whether the effect is modified by BMI. Women who 

were on exemestane had significantly higher IGF-1 levels after one year on the treatment; while, women 

on placebo experienced no changes in their circulating IGF-1. Our findings are consistent with others that 

observed an increase in IGF-1 with AI therapy (2–7). The changes in IGF-1 were also statistically 

significantly different between the two arms. Although no significant interaction between treatment and 

BMI was observed, a greater increase in IGF-1 associated with exemestane was observed in women with 

a higher BMI. Since the AI exemestane has been observed to be effective in preventing breast cancer (8) 

and IGF-1 levels have been observed to increase on exemestane in the first year, the reduced breast cancer 

risk is likely due to an IGF-1 independent mechanism. It is more plausible that the reduced risk is due to 

the strong suppression of estrogen production in the body.  
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There are several possible explanations as to why both a longer lifetime exposure to estrogen, and 

estrogen depletion with AI therapy, are both associated with an increase in IGF-1 levels. First, different 

concentrations of estrogen may have different physiologic effects on hepatic IGF-1 secretion. 

Administration of low doses of estrogen have been shown to increase ERα in the liver and estrogen acts 

on ERα to increase IGF-1 production (9,10). Long term estrogen exposure may therefore regulate steady 

state levels of liver ERα with a longer duration increasing hepatic sensitivity to estrogenic actions on IGF-

1 secretion. On the other hand, estrogen depletion by AI therapy reduces estrogen to supraphysiologic 

concentrations in postmenopausal women and may result in a compensatory mechanism that upregulates 

IGF-1 production. Second, the mechanism of AI therapy may alter the endocrinologic profile of users 

compared to individuals not on therapy and may explain the contradicting results observed. AIs inhibit the 

conversion of androgens to estrogens and a threshold level of androgens has been speculated for hepatic 

IGF-1 production (11). Inhibiting aromatase increases the level of free testosterone (12)  and may be a 

mechanism by which AI therapy increases IGF-1 production. The findings of this thesis highlight the 

complex relationship between estrogen and IGF-1 suggesting that there are likely many physiological 

levels at which estrogen and IGF-1 interplay.  

5.3 Strengths and Limitations  

This thesis consists of two different study designs nested within an underlying randomized 

controlled trial. The first study is a cross sectional study investigating the relationship between 

reproductive risk factors, as a proxy for lifetime cumulative estrogen exposure, and circulating IGF-1 

levels in postmenopausal women. The second study has a randomized controlled design comparing the 

effect of exemestane and placebo on circulating IGF-1 levels in healthy postmenopausal women. Both 

studies have several strengths and limitations associated with their methodology.  

5.3.1 Strengths and limitations of first study  
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Results from study 1 (chapter 3) are based on a cross sectional analysis, using data collected 

and/or measured at baseline. A limitation of this study design (and randomized controlled trials) is the 

potential for volunteer bias, a form of selection bias.  It is well documented that healthy, better-educated 

individuals are more likely to participate in research studies (13). MAP.3 is no exception; the majority of 

women in this study have a college or university degree and never smoked. Thus, the prevalence of 

baseline risk factors and mean IGF-1 concentrations in this population may not be generalizable to the 

average postmenopausal woman. However, investigating the biologic association between reproductive 

risk factors and IGF-1 is less likely to be distorted by selection bias. For selection bias to occur in this 

study, the participant’s decision to enroll in the overall trial or the selection of the trial subgroup would 

have to be related to both exposure and outcome status. This would not have been possible given that 

IGF-1 levels were unknown to participants and measured after selection of the trial subgroup..   

Second, this was the first study to examine the cumulative effect of the reproductive risk factors 

on postmenopausal IGF-1 levels in the blood, unlike previous studies that examined the reproductive risk 

factors alone in relation to IGF-1. This thesis found a significant dose response relationship between a 

greater LCMC and IGF-1, while our study and other studies reported inconsistent results regarding the 

individual reproductive risk factors. It is possible that the cumulative effect is a stronger predictor of IGF-

1 than the individual risk factors alone.  

Further, given the comprehensive data collection that was part of the larger clinical trial, this 

study was able to test and control for many known and potential covariates in the relationship between 

long term estrogen exposure and IGF-1. The majority of the epidemiologic evidence surrounding lifetime 

estrogen exposure and IGF-1 have overlooked or only partially controlled for confounding, which may 

have prevented a true relationship from being recognized.  

However, this study is not without limitations. First, there is considerable debate as to whether a 

single measurement of IGF-1 is a reliable representation of a woman’s long-term IGF-1 levels. 

Measurements of IGF-1 may be affected by fluctuations in blood concentrations within individuals. Five 
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studies have reported correlations between baseline and repeat measures of IGF-1 ranging from 0.4 to 0.9 

over 1 to 15 years in samples of 13 to 138 women (13–17). It is clear that more reproducibility data are 

required. Still, it is unlikely that IGF-1 concentrations would be systematically over- or under- estimated 

according to the exposure status in the first manuscript. Therefore, misclassification of a woman’s long-

term IGF-1 levels is more likely to be non-differential, and the observed association between the 

estrogen-related factors and IGF-1 concentrations likely underestimates the true association. 

Second, misclassification of the reproductive risk factors and the lifetime cumulative number of 

menstrual cycles is possible. Since data regarding the individual’s reproductive history was assessed by 

questionnaire, recall error may have affected the accuracy of earlier life events, in particular, age at 

menarche and duration of oral contraceptive use. Inaccuracies would have also affected the calculation of 

the LCMC and affected the categorization of some individuals. Nevertheless, the misclassification is 

likely non-differential given that individuals were unaware of IGF-1 levels at questionnaire time. 

Therefore, the observed association is probably an underestimate of the true association between long 

term estrogen exposure and postmenopausal IGF-1 levels.   

Third, uncontrolled confounding by variables not collected as part of the larger clinical trial may 

have occurred. Although this thesis was able to examine numerous potential confounders, data regarding 

possible predictors of IGF-1 such as diet (21–23), physical activity (24) and alcohol consumption (25), 

were not available. It is possible that uncontrolled confounding may have increased or decreased the true 

association between the reproductive risk factors and IGF-1 in postmenopausal women.  

Lastly, due to the cross sectional design of the first manuscript where reproductive history and 

IGF-1 were assessed at the same time point, a general limitation would be the inability to establish a 

causal relationship between the exposure and outcome. However, given that the LCMC reflected past 

events leading up to and including menopause and that the outcome was measured after menopause, it is 

unlikely postmenopausal IGF-1 affected these past events. Similarly, IGF-1 levels were measured after 



 

 

 

97 

menopause occurred and it is unlikely that the elevated IGF-1 levels observed delayed the onset of 

menopause. We can conclude with reasonable certainty that the exposures preceded the outcome.   

5.3.2 Strengths and limitations of second study  

The randomized placebo-controlled design of the second study confers many strengths. This 

study found a significant difference in IGF-1 changes between those on AI therapy and those on placebo, 

which provides evidence that the increase in IGF-1 is more likely due to AI therapy and not the result of 

other factors. The random allocation of treatment also increases the likelihood that known and unknown 

confounders are equally distributed across the arms, therefore, decreasing the likelihood of confounding 

of treatment effects by other variables. This study also had the largest number of participants on AI 

therapy of all studies examining the effect of AI therapy on IGF-1, allowing us to have sufficient 

statistical power to detect changes in IGF-1. Lastly, the longitudinal design provides strong evidence for 

temporality in that exemestane causes IGF-1 levels to increase.  

Despite several strengths, this study is not without limitations. Changes in IGF-1 from baseline 

were only measured after one year. Having multiple measurements of circulating IGF-1 levels at different 

time points would provide a better understanding of the longitudinal changes in IGF-1 on AI therapy.  

Second, the assay used in this thesis measured total IGF-1 concentrations which may not be the 

biologically relevant measurement. This limitation applies to both the first and second study. Most IGF-1 

circulates in a complex with one of the six IGFBPs, with less than 1% circulating free (14). IGFBP-3 

carries 75% or more of IGF-1 in the circulation (15). Therefore, a decrease in IGFBP-3 levels is believed 

to increase IGF-1 bioavailability. Hence, the IGF-1/IGFBP-3 ratio is a common measurement for the 

bioavailable levels of IGF-1 acting at target tissues and a method used to adjust for IGFBP-3 in the 

analysis (16). Having IGFBP-3 data would have provided more information regarding how long term 

estrogen exposure and estrogen withdrawal affect breast cancer risk through IGF-1 signaling.  
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5.4 Generalizability  

This study comprised of individuals who were primarily postmenopausal Caucasian women and 

may have limited generalizability outside of this study population.  IGF-1 levels have been reported to 

significantly vary across racial/ethnic groups (17) ; hence, the descriptive findings of this thesis may not 

be generalizable to other racial groups. Further, the findings of this thesis may not be generalizable to 

premenopausal women. AI therapy affects postmenopausal women differently than premenopausal 

women due to the different hormonal profiles. AIs have limited ability in reducing circulating estrogen in 

premenopausal women (18). In addition, IGF-1 levels have been observed to decrease rapidly after 

menopause (19), such that IGF-1 levels are higher in premenopausal compared to postmenopausal women 

(20).  Moreover, the calculation of LCMC in the first manuscript required age at menopause, which we 

would be unable to calculate in premenopausal women. Nevertheless, given that a biological relationship 

was studied, the analytical results of this thesis should be generalizable to postmenopausal Caucasian 

women.  

5.5 Future Directions  

This thesis found that a longer lifetime exposure to endogenous estrogen is associated with 

elevated IGF-1 levels. Notably, the summary measure of the reproductive risk factors, LCMC, was the 

strongest predictor of increases in IGF-1 in our study, compared to the individual risk factors alone. 

Future studies examining the reproductive risk factors may consider using a similar composite measure 

which may be a better reflection of long term estrogen exposure. Since this study requires participants to 

achieve menopause before the calculation of the LCMC, further studies may consider whether a similar 

important estrogen period in premenopausal women also has an effect on IGF-1 levels. We did not find 

that exogenous hormones were associated with postmenopausal circulating IGF-1. More detailed 

information on exogenous hormone use, such as the timing and type of exogenous hormones used, may 

have enhanced our findings, since different patterns of OC use have been observed to affect IGF-1 levels 

differently (21).  
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This thesis also found that exemestane significantly increased IGF-1 levels in healthy 

postmenopausal women, providing evidence that the IGF-1 system is regulated in part by estrogen, at 

least in postmenopausal women. Further studies may consider measuring circulating IGF-1 at multiple 

time points for a more dynamic picture of the longitudinal changes in IGF-1 on AI therapy. Having 

information on the effects of AIs in healthy women, which are being considered for chemoprevention, 

may be helpful to characterize their underlying mechanism and potential systemic effects. However, the 

clinical consequences of increased circulating IGF-1 concentrations in this population are unknown. Our 

findings are inconsistent with IGF-1 levels mediating the effect of AIs on breast cancer risk reduction, but 

IGF-1 levels may be involved in the efficacy of AIs in reducing risk or the presence of side effects, such 

as joint stiffness and arthralgia (22,23). Further studies are needed to understand the clinical implications 

of elevated IGF-1 on AI therapy. 

5.6 Contribution of findings and Conclusions  

This thesis investigated the effect of estrogen on circulating IGF-1 levels in postmenopausal 

women, in particular, the effect of cumulative lifetime estrogen exposure and estrogen withdrawal. The 

underlying physiologic mechanisms of long term ovarian hormone exposure on breast cancer risk is 

unclear. While previous studies have examined the relationship between the individual reproductive risk 

factors and IGF-1, this study is novel in that it used a summary measure, lifetime cumulative number of 

menstrual cycles, to examine the cumulative effect of the reproductive risk factors on IGF-1. Our results 

suggest that a later age at menopause and a greater lifetime number of menstrual cycles, representing a 

longer lifetime exposure to estrogen, are associated with increased IGF-1 levels. This thesis provides 

evidence of a potential mechanism whereby elevated IGF-1 levels are a mediator of longer lifetime 

estrogen exposure on breast cancer risk.  

Our findings of the effect of estrogen withdrawal in postmenopausal women on IGF-1 appear 

contradictory to our first findings. Exemestane has been observed to reduce one’s risk for developing 

breast cancer (8). However, we found that exemestane significantly increased IGF-1 levels although 
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elevated IGF-1 levels are associated with an increased risk for breast cancer (1). Our study is the second 

to have a placebo-controlled design providing clear evidence that exemestane, and not other factors, 

increased IGF-1. Therefore, it is likely that exemestane reduces one’s breast cancer risk via an IGF-1 

independent mechanism.  Overall, this thesis provides further understanding of breast cancer etiology and 

may help guide cancer preventions strategies.  
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Appendix A 

Calculation of Lifetime Cumulative Number of Menstrual Cycles  

This purpose of this chapter is to describe and provide an xample of the calculation of a woman’s 

lifetime number of menstrual cycles based on the method by Chavez-MacGregor et al with a few 

modifications (1).  Adjustments to the previous method include: (a) assuming that the age of 

regularization of cycles is the same as the age at menarche; (b) each month of breastfeeding is equal to 

4.34812 weeks; and, (c) pregnancies that did not go to full term resulted in 12 week absence of cycles. 

These assumptions were necessary since: (a) information on age at regularization of cycles was 

not collected; (b) breastfeeding duration was collected in total months instead of weeks; and, (c) no 

information was collected on number of stillbirths, miscarriages and abortions, but information 

on number of non-full term pregnancies were. 

Sample calculation 

For a woman with her first menstration at 12 years of age , two children who she breastfed for a 

total of 4 months, having regular periods every 29 days, using oral contraceptives for 5 years starting at 

age 24, and undergoing menopause at age 53, the number of menstrual cycles during her lifetime is 494. 

Lifetime number of menstrual cycles: 

53 years at menopause – 12 years at menarche= 41 (-5 years OC use = 36 years). 

36 years x 52.178 weeks in 1 year = 1, 878.408 weeks in 36 years – (36 x 2 weeks of two pregnancies) – ( 

4 x 4.34812 weeks of total breastfeeding) – (6 x 2 weeks absence of cycles after lactation) = 1777.01552 

weeks= 12, 439.10864 days 

12, 439.10864 days/ 30 = 428.93478 cycles (29-day duration) 

5 years of OC use x 326.25 =1, 461 days in 5 years, 1, 826.25 / 28= 65.22 cycles (28-day duration due to 

UC use), 428.9347 + 65.22 =494 menstrual cycles during lifetime. 

Reference 

1.  Chavez-MacGregor, M. et al. Postmenopausal breast cancer risk and cumulative number of 

menstrual cycles. Cancer Epidemiol. Biomarkers Prev. 14, 799–804 (2005).  
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Appendix B 

Additional Tables 

Table 1 Mutually adjusted effect estimates of hormonal factors used in calculation of lifetime cumulative 

number of menstrual cycles and IGF-1 (N=567) 
 Mean SD Beta 95%CI P value 

Age at menarche       

<12 173.47 (7.96) (Reference) 0.12 

12-13 181.19 (6.56) 7.72 (-4.78, 20.22)  

14+ 168.92 (8.29) -4.54 (-19.28, 10.18)  

Parity      

0 196.78 (24.09) (Reference) 0.22 

1 171.07 (8.37) -25.71 (-74.13, 22.69)  

2 164.67 (5.84) -32.11 (-79.10, 14.87)  

3 176.31 (6.34) -20.47 (-67.77, 26.81)  

4+ 163.81 (5.73) -32.97 (-80.25, 14.29)  

Breastfeeding     

Never 168.69 (7.23) (Reference) 0.22 

<10 months 180.25 (7.14) 11.56 (-0.21, 23.32)  

10-20 170.96 (8.76) 2.26 (-13.01, 17.54)  

20+ 178.21 (9.53) 9.51 (-7.71, 26.74)  

Oral Contraceptive Use   

Never user 179.87 (9.16) (Reference) 0.22 

<5 years 174.61 (7.04) -5.26 (-21.01, 10.48)  

5-10 165.12 (7.65) -14.74 (-32.09, 2.60)  

10+ 178.51 (8.54) -1.35 (-19.20, 16.49)  

Age at menopause     

<50 166.35 (6.59) (Reference) 0.07 

50-54 176.82 (6.84) 10.47 (0.051, 20.89)  

55+ 180.41 (9.84) 14.05 (-2.33, 30.44)  

a Adjusted for age (continuous), BMI (<25, 25-29.99, 30-34.99, 35+), education level (high school/ 

college /university+), and prior lipid lower drug use (yes/No) 
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Table 2 Descriptive analyses of participants by lifetime cumulative number of menstrual cycles 

Lifetime cumulative 

number of menstrual 

cycles 

<350 350-399.99 400-449.99 450-499.99 500+ 

N 116 86 116 117 132 

Age 63.0 (7.5) 63.8(7.2) 61.2  (6.9) 60.7 (5.2) 61.4 (5.2) 

Age at menarche       

<12 24 (20.6%) 19 (22.0%) 20 (17.2%) 23 (19.6%) 40 (30.3%) 

12-13 55 (47.4%) 43 (50.0%) 64 (55.1%) 74 (63.2%) 78 (59.0%) 

≥14 37 (31.9%) 24 (27.9%) 33 (27.5%) 20 (17.0%) 14 (10.6%) 

Age at first birth      

≤20 30 (28.3%) 11 (15.7%) 15 (14.6%) 14 (15.2%) 15 (18.3%) 

21-25 41 (35.3%) 40 (46.5%) 49 (42.2%) 30 (25.6%) 36 (27.3%) 

26-30 27 (23.3%) 11 (12.8%) 26 (22.4%) 25 (21.4%) 20 (15.2%) 

≥31 8 (6.9%) 8 (9.3%) 13 (11.2%) 23 (19.7%) 11 (8.3%) 

Parity      

Nulliparous 12 (10.3%) 16 (18.6%) 14 (12.0%) 27 (23.0%) 50 (37.8%) 

One 9 (7.7%) 10 (11.6%) 5 (4.3%) 15 (12.8%) 14 (10.6%) 

Two 25 (21.5%) 16 (18.6%) 41 (35.3%) 33 (28.2%) 37 (28.0 %) 

Three 25 (21.5%) 18 (20.9%) 26 (21.5%) 24 (20.5%) 22 (16.6%) 

Four or more 45 (38.7%) 25 (30.2%) 31 (26.7%) 18 (15.3%) 9 (6.8%) 

Age at menopause      

<50 112 (96.5%) 71 (82.5%) 73 (62.0%) 22 (18.8%) 10 (7.5%) 

50-54 4 (3.4%) 14 (16.2%) 41 (35.3%) 88 (75.2%) 72 (54.5%) 

≥55 0 (0.0%) 1 (1.1%) 3 (2.5%) 7 (5.9%) 50 (37.8%) 

Oral Contraceptive Use      

Never Users 21(18.1%) 22(25.6%) 14 (12.1%) 15(12.8%) 29(22.0%) 

< 5 years 43(37.1%) 32(37.2%) 46(39.7%) 33(28.2%) 57(43.2%) 

5-10 years 27(23.3%) 19(22.1%) 32(27.6%) 35(29.9%) 19(14.4%) 

≥10 years 25(21.6%) 13(15.1%) 24(20.7%) 34(29.1%) 27(20.5%) 

Hormone Replacement 

Therapy 
     

Never Users 39 (33.6%) 27 (31.4%) 49(42.2%) 52(44.4%) 62 (47.0%) 

< 5 years 24(20.7%) 23(26.7%) 27(23.3% 38(32.5%) 34(25.8%) 

5-10 years 18(15.5%) 10 (11.6%) 22(19.0%) 17(14.5%) 17(12.9%) 

≥10 years 35(30.2%) 26(30.2%) 18(15.5%) 10(8.5%) 19(14.4%) 

Education       

<High School 38 (32.7%) 23 (26.7%) 28 (24.1%) 24 (20.5%) 33 (25.0%) 

College 31 (26.7%) 23 (26.7%) 35 (30.1%) 31 (26.5%) 28 (21.2%) 

University+  47 (40.5%) 40 (46.5%) 54 (45.6%) 62 (52.9%) 71 (53.7%) 



 

 

 

108 

BMI      

<25 29 (2%) 35 (41.8%) 41 (34.4%) 34 (29.0%) 35 (26.7%) 

25-29.99 37 (31.9%) 27 (43.0%) 34 (29.3%) 43 (36.7%) 51 (38.9%) 

30-34.99 33 (28.4%) 14 (16.2%) 25 (21.5%) 23 (19.6%) 25 (19.0%) 

≥35 17 (14.6%) 10 (11.6%) 17 (14.6%) 17 (14.5%) 20 (15.2%) 

Post-menopause criteria 
a 

     

1 104 (89.6%) 79 (91.8%) 107 (91.3%) 111 (94.8%) 129 (97.7%) 

2 1 (0.8%) 0 (0.0%) 2 (1.7%) 1 (0.8%) 1 (0.7%) 

2 11 (9.4%) 7 (8.1%) 8 (6.9%) 5 (4.2%) 2 (1.5%) 

Prior mediation use       

Lipid lowering drug use 32 (27.5%) 32 (37.21%) 21 (18.1%) 33 (28.2%) 36 (27.2%) 

Cardiovascular drug use 41 (35.3%) 32 (37.21%) 41 (35.3%) 35 (29.9%) 47 (35.6%) 

Bisphosphonate therapy  30 (25.8%) 27 (31.40%) 24 (20.6%) 23 (19.6%) 23 (17.4%) 

Smoking History       

Current 7 (6.0%) 4 (4.6%) 8 (6.9%) 8 (6.8%) 6 (4.5%) 

Former 48 (41.3%) 38 (44.1%) 54 (46.5%) 57 (48.7%) 49 (37.1%) 

Never 61 (52.5%) 44 (51.1%) 55 (46.5%) 52 (44.4%) 77 (58.3%) 

a Postmenopausal criteria: 1 >50 years with no spontaneous menses for at least 12 mos.; 2: ≤50 years with no 

spontaneous menses within past 12 mos. (spontaneous or secondary to hysterectomy) AND with a FSH within 

institution’s postmenopausal range; 3: Bilateral Oopherectomy 
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