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Abstract 

 

 

 

This thesis brings together the biological effects of different childhood 

environments with an examination of the influence of these same biological 

variables on cancer risk.  It is the first integrative piece of research to model such 

relationships across the life course.  The first 5-7 years of life are important in the 

development of reproductive behaviours and adult pair-bonding.  Individuals with 

stressful childhood environments often have early maturation, early onset of 

sexual activity, and early, rapid reproduction.  Additionally, functional birth order 

and natal family composition influence onset of sexual maturation and activity, and 

in some populations impact reproductive timing and success.  These reproductive 

parameters (e.g. age at menarche and number of children) influence the number of 

menstrual cycles a woman experiences.  Endometrial cancer is the most common 

gynaecological cancer and the fourth most common cancer in women.  Lifetime 

exposure to oestrogen and progesterone, and the relative number of menstrual 

cycles influence endometrial cancer risk.  Therefore, it can be hypothesised that 

early childhood conditions may influence the risk of endometrial cancer through 

changes to adult reproductive behaviours and hormone exposure.   

 

My investigation of these relationships comprises a case-control study using both 

questionnaire and routinely recorded cancer registry data.  Women with 

endometrial cancer (cases) and women with non-reproductive, non-endocrine 

cancers (controls) were invited to participate by completing a questionnaire about 

their childhood, reproductive history and adult lifestyle.  A total of 1192 women 

(response fraction = 42.5%) returned completed questionnaires.  After exclusion 

of women with incorrectly diagnosed cancers or missing data, and controls 

reporting a hysterectomy, the resulting data set included 252 Type 1 endometrial 

cancer cases and 558 controls.  
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The 718 parous women were included in exploratory factor analyses to determine 

if reproductive variables cluster in factors that represent aspects of reproductive 

strategies.  Six factors were extracted: ‘short-term mating strategy’, ‘early onset of 

sexual activity’, ‘timing of childbearing’, ‘reproductive output’, ‘breastfeeding’ and 

‘child spacing’.  These reproductive factors were used in the following stages of 

analysis.  The data set was then randomly split into two subsets.  The 70% data 

subset (n = 463 parous women) was used to develop an initial model (Model 1) 

using correlation and regression.  Model 1 was then modified using structural 

equation modelling; resulting in Model 2.  I tested the validity and generalisability 

of Model 1 and Model 2 using the independent 30% data subset (n = 205 parous 

women).  Model 2 was determined to be the better model. 

 

This is the first study to use structural equation modelling to investigate the 

relationship between the early childhood environment, adult reproductive 

strategies and later life endometrial cancer risk using women with complete 

reproductive histories.  Onset of sexual activity, mating behaviours and ‘child 

spacing’ were significantly influenced by early childhood psychosocial measures, 

natal family composition and natal family socioeconomic status.  Contrary to much 

of the literature, age at menarche was not associated with any early childhood 

measures.  Post-secondary education significantly delayed ‘timing of childbearing’, 

reduced ‘reproductive output’ and increased ‘breastfeeding’.  Factors that altered 

women’s lifetime exposure to reproductive hormones influenced endometrial 

cancer risk.  Women with delayed menarche (OR = 0.83 95% CI = 0.70 – 0.99), 

delayed ‘timing of childbearing’ (OR = 0.93, 95% CI = 0.88 – 0.98), displaying more 

short-term mating behaviours (OR = 0.97, 95% CI = 0.95 – 0.99) or who breastfed 

for a longer duration across all children (OR = 0.98, 95% CI = 0.96 – 0.99) had 

reduced odds of endometrial cancer.  Current smokers (OR = 0.18, 95% CI = 0.05 – 

0.64), women who had used hormonal contraceptives (OR = 0.48, 95% CI = 0.29 – 

0.80) and women with lower adult BMI (OR = 1.06, 95% CI = 1.02 – 1.11) were also 

at reduced odds of endometrial cancer.  Furthermore, women with above average 

natal family socioeconomic status (OR = 0.43, 95% CI = 0.20 – 0.90) or more elder 

brothers (OR = 0.73, 95% CI = 0.57 – 0.93) were at reduced odds of endometrial 

cancer.  Therefore, early childhood plays an independent direct role in influencing 

the risk of endometrial cancer, in addition to the hypothesised pathway mediated 
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through reproductive behaviours and hormone exposure.  These findings suggest a 

greater necessity to examine the effects of the early childhood environment as risk 

factors for later life disease risk, particularly for reproductive cancers. 
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Chapter 1: Introduction 

 

 

 

The childhood environment has been shown to influence adult reproductive 

behaviours; higher psychosocial conflict in childhood leads to earlier menarche, 

and early, more promiscuous sexual activity (Belsky, Steinberg & Draper 1991; 

Kim, Smith & Palermiti 1997).  Functional birth order and sex composition of 

siblings within the natal family influence the onset of sexual maturity, sexual 

activity, reproductive timing and parity (Borgerhoff Mulder 1998; Milne & Judge 

2009; Milne & Judge 2011; Rickard, Lummaa & Russell 2009).  There is also 

evidence that adult reproductive behaviours that result in fewer menstrual cycles 

(e.g. older menarche, earlier menopause, high parity and breastfeeding) lead to a 

decreased risk of endometrial cancer (Akhmedkhanov, Zeleniuch-Jacquotte & 

Toniolo 2006; Ellison 1999).  Lifestyle factors (including adult BMI and hormonal 

contraceptive use) also influence endometrial cancer risk (Henderson & Feigelson 

2000; Kaaks & Lukanova 2002).  Endometrial cancer is the fourth most common 

cancer in women and the incidence rate is increasing (Leslie et al. 2012).  The 

hypothesised mechanisms underlying an increased risk of endometrial cancer are 

1) high lifetime exposure to unopposed oestrogen (Karageorgi et al. 2010) and 2) 

progesterone deficiency (Key & Pike 1988).  Unopposed oestrogen results in 

increased mitotic rates of endometrial tissue, thereby increasing the likelihood of 

cellular mutations, and increasing the risk of endometrial cancer.  Whereas low 

progesterone levels prolong the proliferative phase, which coupled with evidence 

of an ‘effective upper limit’ of oestrogen, suggests that longer duration of a 

mitotically active phase (rather than mitotic rate per se) increases the risk of 

cancerous mutations.  The underlying mechanism may be due to one of these or a 

combination, but either way an increase in number of menstrual cycles during a 

woman’s reproductive life increases the risk of endometrial cancer in later life.   

 

Previous research provides the baseline theory to develop a model relating early 

life events and their impact on adult reproductive behaviours to the risk of 

endometrial cancer.  However, based on the available literature no such model has 
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ever been developed and tested using comprehensive data or robust methods.  

This thesis develops and subsequently tests a model on an independent data 

subset, and provides the first quantitative analysis to include data from 

environmental conditions in early childhood to the risk of endometrial cancer in 

late adulthood. 

 

 

Research aims 

 

The primary goal of this thesis is to determine how the childhood environment 

(including the family composition and psychosocial conditions during the first 

seven years of life) influence women’s risk of developing endometrial cancer, 

through changes to adult reproductive behaviours (including age at menarche, 

onset of sexual activity, number of children and breastfeeding). 

 

This thesis hypothesises that 1) reproductive and lifestyle factors that alter 

lifetime hormone exposure will influence the risk of endometrial cancer, and 2) 

these adult reproductive behaviours are themselves influenced by the childhood 

environment, including family composition, psychosocial measures and resource 

availability.  These hypothesised relationships between the childhood 

environment, reproductive measures, lifestyle factors, hormone exposure and 

endometrial cancer risk are summarised in Figure 1.1. 
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Figure 1.1: Hypothesised relationships between the childhood environment, 

reproductive factors, lifestyle factors, lifetime hormone exposure and later life risk 

of endometrial cancer. 

 

 

Research approach 

 

In order to collect information about women’s early childhood conditions, 

reproductive histories, lifestyles and endometrial cancer status, a case-control 

(Woodward 2005) approach was employed.  Women with endometrial cancer 

(cases) and women with non-reproductive, non-endocrine cancers (controls) were 

identified through the whole-population, statutory Western Australia Cancer 

Registry.  These women were invited to participate by completing a written 

questionnaire that collected detailed information about their childhood 

environment, reproductive history, and lifestyle during adulthood (See Chapter 3 

for more details).  Statistical analyses including factor analysis, multivariate linear 

and logistic regression, and structural equation modelling were then employed to 

determine the relationships between, and thus establish the first model to 
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investigate the impact of the early childhood environment and reproductive 

trajectories on adult risk of developing endometrial cancer controlling for lifestyle 

factors. 

 

 

Thesis structure 

 

This thesis consists of nine chapters.  This chapter introduces the research aims, 

the general approach to investigate these aims, and outlines the structure of the 

thesis. 

 

The second chapter reviews and critiques the relevant literature.  This chapter 

introduces the key concepts and provides the background information that lays 

the foundation for the research questions addressed in this thesis.  This chapter 

was published in Medical Hypotheses in 2011 under the title ‘Early life 

environment, life history and risk of endometrial cancer’ (77(4): 626-632).  

 

The third chapter explains the process used to develop and disseminate the study 

questionnaire.  It describes the target population, how participants were 

contacted, how the questionnaire was designed, pilot tested and refined, and the 

data cleaning process undertaken on the self-reported data and Western Australia 

Cancer Registry medical data.  Chapter 3 also defines each of the questionnaire 

variables and how they were assessed.  The statistical methodology employed to 

answer the research question is also presented in detail in this chapter. 

 

The fourth chapter describes aspects of the final sample population as well as 

providing pilot analyses that inform the methodology employed.  Chapter 4 

outlines the following: i) response of potential participants to the study, response 

fractions and differences between respondents and non-respondents, ii) 

exclusions of participants, iii) control cancers, and variation in tumour grade, year 

of diagnosis and age of diagnosis for both cases and controls, iv) preliminary 

analyses investigating differences in reproductive behaviours between cases and 
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controls, v) frequencies and distributions for the early childhood measures and vi) 

frequencies and distributions for early and adult lifestyle factors. 

 

The fifth chapter develops a novel approach to dealing with reproductive history 

data, using factor analyses to reduce the number of correlated variables for further 

investigation.  In Chapter 5, it is shown that reproductive variables associate in 

ways indicative of trade-offs as predicted by life history theory.  Chapter 5 was 

published in PLoS ONE in 2012 under the title ‘A novel quantitative approach to 

women’s reproductive strategies’ (7(10): e46760 doi: 10.1371/journal.pone. 

0046760). 

 

The sixth chapter presents the relationships between the early childhood 

environment and reproductive behaviours.  Chapter 6 also discusses the impact of 

these relationships in regards to theory and previous literature.  

 

The seventh chapter presents the relationships between childhood measures, 

reproductive trajectories and lifestyle factors to later life endometrial cancer risk.  

In conjunction with the results from Chapter 6 this provides the basis of Model 1.  

Model 1 is then modified using structural equation modelling, and Model 2 is 

formed.  Subsequently Model 1 and Model 2 are tested using an independent data 

subset.  The value of using structural equation modelling is also discussed. 

 

The eighth chapter provides the global discussion; including discussion of which 

factors influenced endometrial cancer, and what the full structural model means as 

a whole in terms of overarching factors or mechanisms that influence endometrial 

cancer risk.  Here, the significance of the study and directions for future research 

are also outlined. 

 

The full reference list, in alphabetical order, of all publications cited throughout 

this thesis can be found in the ninth chapter.  
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Chapter 2: Literature review 

 

 

 

This chapter has been published as Milne FH, Judge DS, Preen, DB & Weinstein P 

(2011) Early life environment, life history and risk of endometrial cancer. Medical 

Hypotheses 77(4): 626-632. 
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Abstract 

 

Endometrial cancer risk is influenced by reproductive behaviours, including parity 

and breastfeeding, and timing of life history events such as age at menarche and 

menopause.  One potential mechanism by which altered reproductive strategies 

may influence endometrial cancer risk is through exposure to reproductive 

hormones.  Current theory suggests that high lifetime exposure to oestrogen, 

unopposed by progesterone, increases endometrial cancer risk; here we suggest 

that progesterone deficiency itself may also play a significant role.  Additionally, 

given that reproductive profile variables are themselves influenced by early 

childhood conditions, we hypothesise that endometrial cancer risk may be 

influenced by the childhood psychosocial environment as mediated through 

changes to adolescent and adult reproductive behaviours and hormone exposures.  

Investigating reproductive cancers, including endometrial cancer, using a life 

history approach may help to increase understanding of why these cancers occur 

and potentially help implementation of early detection and screening processes in 

the future. 

 

 

Introduction 

 

Although biomedical and epidemiological research methods have provided insight 

into the aetiology of many diseases, there is growing realisation that a bio-

anthropological approach to medicine provides a more holistic understanding 

(Panter-Brick & Worthman 1999; Trevathan, Smith & McKenna 2008).  The field of 

evolutionary medicine, originally coined ‘Darwinian medicine’ (Williams & Nesse 

1991), introduces a novel method of approaching medical questions within a 

broader biological context (Lewis 2008).  It also provides an avenue to better 

integrate medical knowledge and evolutionary theory in order to understand why 

our bodies are vulnerable to certain diseases (Nesse 2008).  Cancers represent a 

suite of complex diseases that can be better understood by the application of the 

pre-existing tools of ecology and evolutionary biology (Crespi & Summers 2005).  

In fact, Nesse and Williams (1994) suggest that reproductive cancers might be the 
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best indicator of the value of an evolutionary approach to medicine because they 

result, in part, from the novel reproductive patterns of women in modern societies.  

Studies that have investigated female reproductive diseases through an 

evolutionary medicine approach have illustrated the value of this heuristic method 

(Eaton et al. 1994; Strassmann 1999).  The present review highlights strategic 

responses to early childhood environment and how these may influence 

endometrial cancer risk through changes to women’s reproductive behaviours.  By 

using evolutionary theory, further insight into certain explanatory factors as to 

why some women develop endometrial cancer and others do not can be gained.  

The review examines evidence that early life experiences induce changes in 

physiology and behaviour that are related to reproductive strategies employed 

during adulthood, in turn impacting on the risk of endometrial cancer.  

 

 

Endometrial cancer 

 

Endometrial cancer is the most common gynaecological cancer affecting women in 

the United States (Olson et al. 2009).  The peak age-specific incidence occurs in 

post-menopausal women between the ages of 75 and 79 years (Akhmedkhanov, 

Zeleniuch-Jacquotte & Toniolo 2006) and is usually diagnosed early in the natural 

history of the disease; 69% of cases diagnosed are stage 1 (Montz et al. 2002).  

There are two forms of endometrial cancer (Cetin, Cozzi & Antonazzo 2008).  Type 

1 endometrioid carcinoma makes up more than 80% of all endometrial cancer 

cases (Sherman 2000), has a favourable prognosis (Bokhman 1983), has high 

sensitivity to progestogens (Bokhman 1983) and is thought to be primarily related 

to imbalances in reproductive hormones (Sherman 2000).  Known risk factors for 

Type 1 endometrial tumours include early menarche, late menopause, anovulation, 

infertility and nulliparity (Akhmedkhanov, Zeleniuch-Jacquotte & Toniolo 2006; 

Wernli et al. 2006).  Other risk factors related to lifestyle and health include 

obesity and diabetes (Kaaks, Lukanova & Kurzer 2002; Purdie & Green 2001; 

Trentham-Dietz, Nichols & Newcomb 2006).  All of the above risk factors are 

associated with higher lifetime oestrogen exposure (Sherman 2000).  Conversely, 

Type 2 endometrial cancer (serous carcinoma), is a highly aggressive tumour that 
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is not associated with oestrogen exposure (based on Bokhman’s 

clinicopathological observations over a 20-year period), lacks the progesterone 

responsiveness of Type 1 tumours, and the only known risk factor is age (with 

diagnosis most common in women over 60 years) (Sherman 2000).  Most 

epidemiological studies of endometrial cancer published to date do not specify 

which form of endometrial cancer is under investigation, or whether these 

different cancer sub-types were assessed.  Conflation of the two sub-types of 

endometrial cancer therefore complicates the associations made between risk 

factors and disease in such studies, due to the differences in exposures that 

influence these two sub-types.  Future studies should aim to differentiate between 

these two forms of endometrial cancer.  In this review, the focus is on Type 1 

endometrial tumours only, because these cancers possess high sensitivity to 

progestogen and may be influenced by early life exposures that are associated with 

reproductive behaviour (and concomitant hormone exposure). 

 

Current theory implicates a life course of increased oestrogen exposure unopposed 

by progesterone as one mechanism for increased risk of endometrial cancer 

(Akhmedkhanov, Zeleniuch-Jacquotte & Toniolo 2006).  Oestrogen causes the 

endometrium to undergo mitotic division during the follicular phase of the 

menstrual cycle (Akhmedkhanov, Zeleniuch-Jacquotte & Toniolo 2006; Wernli et 

al. 2006) and exposure to more cycles is therefore associated with a greater 

occurrence of mitotic events.  This results in a higher chance of (potentially 

cancerous) mutations and perhaps a higher risk of developing cancer in the 

endometrium (Ellison 1999; Rosenblatt & Thomas 1995; Sherman 2000).  Given 

that oestrogen exposure is related to menstrual cycling, factors that reduce the 

number of cycles could, in theory, decrease the risk of endometrial cancer.  The 

number of menstrual cycles is reduced by a number of factors including late 

menarche, early menopause, pregnancy, breastfeeding (Eaton et al. 1994), and 

using combined oral contraceptives; each of which have been shown to be 

associated with a decreased risk of endometrial cancer in the literature 

(Henderson & Feigelson 2000; Purdie & Green 2001; Rosenblatt & Thomas 1995; 

Wernli et al. 2006).  Furthermore, use of unopposed oestrogen hormone 

replacement therapy (ERT) in response to menopausal symptoms is associated 

with increased endometrial cancer risk (Akhmedkhanov, Zeleniuch-Jacquotte & 
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Toniolo 2006; Purdie & Green 2001).  In a case-control study of 4077 women, 

being treated with oestrogen without progestin increased the relative risk of 

endometrial cancer three-fold, with a further 17% increase in risk with every 

additional year of use (Weiderpass et al. 1991).  In the United States, the use of 

ERT increased from 1962 to 1975, followed by a marked increase in cases of 

endometrial cancer in the late 1960s.  In the late 1970s the use of ERT declined, 

and the number of cases of endometrial cancer followed suit by the early 1980s 

(Henderson, Ross & Berstein 1988).  Additionally, higher rates of endometrial 

cancer occur in women from higher socioeconomic status groups, who also use 

ERT at higher rates (Purdie & Green 2001).  Although one must be mindful of the 

potential problem of ecological fallacy (Steel & Holt 1996), more recent studies 

have confirmed the positive relationship between ERT use and endometrial cancer 

risk using case-control studies (Newcomb & Trentham-Dietz 2003; Pike & Ross 

2000).  

 

Lifestyle factors such as calorie-rich diets and/or low activity lead to obesity, 

which is consistent with the unopposed oestrogen hypothesis.  Obesity increases 

the risk of endometrial cancer; however, the mechanism differs for pre- and post-

menopausal women (Akhmedkhanov, Zeleniuch-Jacquotte & Toniolo 2006; Kaaks, 

Lukanova & Kurzer 2002; Trentham-Dietz, Nichols & Newcomb 2006).  Pre-

menopausal obesity can result in a hormone disturbance that leads to more 

anovulatory cycles; the corpus luteum does not develop and less progesterone is 

produced, as a consequence oestrogen from the follicular phase is unopposed by 

progesterone (Trentham-Dietz, Nichols & Newcomb 2006).  Obese women have a 

large amount of adipose tissue both pre- and post-menopausally, and adipose 

tissue expresses aromatase (an enzyme that converts androgens into oestrogen) 

(Kaaks, Lukanova & Kurzer 2002).  In pre-menopausal women, the oestrogen 

produced by aromatase activity in fat cells is minimal relative to oestrogen 

produced by the ovaries (Kaaks, Lukanova & Kurzer 2002).  However, in post-

menopausal women the ovaries no longer produce oestrogen, so individuals with 

high levels of adipose tissue also have higher than normal post-menopausal 

oestrogen exposure (Kaaks, Lukanova & Kurzer 2002; Trentham-Dietz, Nichols & 

Newcomb 2006), and thus an increased endometrial cancer risk.  
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Another health-related lifestyle factor that increases the risk of endometrial cancer 

is Type 2 diabetes or insulin resistance (Akhmedkhanov, Zeleniuch-Jacquotte & 

Toniolo 2006).  High levels of circulating insulin probably influence the risk of 

endometrial cancer via at least three pathways.  First, individuals with high blood 

insulin have decreased levels of sex hormone binding globulin (SHBG) which result 

in elevated free oestradiol levels in the blood (Kaaks, Lukanova & Kurzer 2002).  

Second, high concentrations of insulin decrease levels of insulin-like growth factor 

binding protein and thus result in higher levels of free insulin-like growth factor, 

which increases mitotic activity of endometrial cells (Akhmedkhanov, Zeleniuch-

Jacquotte & Toniolo 2006).  Third, insulin is a key stimulus for androgen synthesis 

(Kaaks, Lukanova & Kurzer 2002); in pre-menopausal women, this 

hyperandrogenism can result in anovulation (Kaaks, Lukanova & Kurzer 2002), 

while in post-menopausal women it increases androgen synthesis resulting in 

more androgen for aromatase to convert to oestrone in adipose tissues (Kaaks, 

Lukanova & Kurzer 2002).  

 

The current theory regarding risk of developing endometrial cancer emphasises 

the importance of high oestrogen exposure unopposed by progesterone 

throughout a woman’s life, resulting in higher mitotic activity in endometrial tissue 

and therefore increased risk of cancerous mutations (Cetin, Cozzi & Antonazzo 

2008; Key & Pike 1988).  However, 86% of all endometrial cancer cases are 

diagnosed after the age of 50 (Akhmedkhanov, Zeleniuch-Jacquotte & Toniolo 

2006) and the median age of natural menopause of Australian women is 51 years 

(Do 1998).  This is problematic because, in post-menopausal women, oestradiol 

stops being produced by the ovaries and there is an overall decrease in oestrogen 

levels (Chen, Zeng & Tse 2008; Schneider 1999) – thus the diagnosis is made after 

the reduction in mitotic activity.  These findings may suggest a lag effect between 

high and unopposed oestrogen exposure and the development and diagnosis of 

endometrial cancer.  However, the temporal relationship between ERT use and 

endometrial cancer rates in the United States suggests that the latency (or 

detection period) for this cancer is short; the rates of endometrial cancer began to 

increase after only three years of ERT being available to the public (Purdie & Green 

2001).  Endometrial cancer is usually detected and diagnosed early in its 

development (Montz et al. 2002) due to abnormal bleeding and other early 
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warning signs (Schneider 1999).  As such, if high oestrogen exposure results in 

increased risk of endometrial cancer, why do the cancers usually form after 

oestrogen and mitotic activity decline?  There is a paucity of research on this 

paradox. 

 

 

Progesterone deficiency hypothesis 

 

In 1988 Key and Pike proposed that increased risk of endometrial cancer is due to 

progesterone deficiency rather than high oestrogen exposure (Key & Pike 1988). 

Support for this hypothesis (beyond the idea that progesterone just opposes the 

effect of oestrogen by reducing cell division and stimulating differentiation; Wernli 

et al. 2006) lay in evidence of an upper limit to the effect of oestrogen on mitotic 

rates in the endometrium.  In a normal menstrual cycle, a near maximal mitotic 

rate of the endometrial cells is reached by about day five, whereas the highest 

oestradiol concentration occurs around day 13 (Key & Pike 1988).  Therefore, even 

though the concentration of oestradiol can reach levels as high as 300 pgml-1 over 

the menstrual cycle, the maximal oestradiol concentration that actually results in 

increased mitotic rate is about 50 pgml-1; this level has been termed the ‘effective 

upper limit’ (Key & Pike 1988).  Further evidence for the presence of the effective 

upper limit comes from an investigation of the relationship between ERT and 

endometrial cancer risk (stratified by body weight and diabetes diagnosis).  

Contrary to the prediction from the unopposed oestrogen model, women using 

ERT who have lower body mass and do not have diabetes have been shown to have 

a higher risk of endometrial cancer compared to women who use ERT, weigh more, 

and have diabetes (Kelsey et al. 1982).  Post-menopausal women who are neither 

obese nor diabetic have lower oestrogen concentration; therefore, the addition of 

oestrogen as part of a hormone replacement therapy regime could increase the 

mitotic rate of endometrial cells until the effective upper limit was reached.  In 

contrast, working on this premise, the addition of oestrogen in women with 

already high oestrogen levels would likely have a minimal, if any, effect on the 

mitotic rate and thus the risk of endometrial cancer.  If oestrogen indeed has an 
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effective upper limit, then increased oestrogen exposure alone (above 50 pgml-1) 

should not result in increased endometrial cancer risk.  

 

Most plasma oestradiol is bound to albumin and to SHBG proteins; therefore 

investigations into oestradiol concentration should focus on concentrations of bio-

available oestradiol (Key & Pike 1988).  In pre-menopausal women, obesity 

(associated with an increased endometrial cancer risk) is not associated with 

increased oestradiol concentration but is correlated with decreased SHBG 

concentration (Key & Pike 1988), and with reduced progesterone levels 

(Trentham-Dietz, Nichols & Newcomb 2006).  Decreased levels of SHBG mean 

there is less SHBG to which oestradiol can bind and thus the bio-available 

concentration of oestradiol increases (Key & Pike 1988).  However, the vast 

majority of obese pre-menopausal women have oestradiol concentrations at or 

above 50 pgml-1 (the effective upper limit), so the increased risk of endometrial 

cancer associated with obesity may well be due to low progesterone levels rather 

than increased oestrogen levels (Key & Pike 1988).  This hypothesis is consistent 

with the finding of higher frequencies of anovulatory cycles, amenorrhea, and low 

progesterone concentrations during the luteal phase that many pre-menopausal 

obese women experience (Akhmedkhanov, Zeleniuch-Jacquotte & Toniolo 2006).  

Progestogens decrease mitotic activity and endometrial cell proliferation by 

decreasing the concentration of oestrogen receptors (Key & Pike 1988; Schneider 

1999), increasing the metabolism of oestradiol to oestrone (a less active form) and 

promoting endometrial cells to differentiate into a secretory rather than a 

proliferatory state (Key & Pike 1988).  Therefore, rather than the mitotic rate of 

endometrial cells per se increasing due to high oestrogen exposure, suboptimal 

progesterone levels will prolong the proliferative phase in endometrial tissue, in 

turn leading to an increased risk of endometrial cancer (Key & Pike 1988; Pike & 

Ross 2000).  It is unclear why this potential mechanism has received so little 

attention. 

 

In post-menopausal women, the oestradiol concentration is between 5 – 20 pgml-1, 

which is below the effective upper limit, so the addition of oestrogens can 

influence mitotic rates in the endometrium (Key & Pike 1988).  This finding is 

consistent with increased endometrial cancer risk due to ERT use (Schneider 
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1999).  However, with adequate progesterone included as part of the hormone 

replacement therapy (HRT) the risk of endometrial cancer can be reduced 

(Schneider 1999).  Although ERT used higher levels of oestrogen compared to 

HRT, evidence of the presence of an effective upper limit for oestrogen suggests 

that the reduction in risk by using HRT compared to ERT is due to the addition of 

progesterone rather than the reduction in oestrogen.  The addition of 

progestogens for fewer than 10 days per month reduces the relative risk of 

endometrial cancer from 5.7 (95% CI: 2.5 – 12.8) to 2.4 (95% CI: 0.6 – 9.3) 

compared to women not using any HRT (Voigt et al. 1991).  If the number of days 

of progestogen exposure increases to more than 10 days per month, the relative 

risk declines further to 1.1 (95% CI: 0.4 – 3.6) (Voigt et al. 1991).  In addition there 

is a dose-dependent response, such that higher doses of progesterone also result in 

reduced risk of developing endometrial cancer (Weiderpass et al. 1991).  The 

studies outlined above provide evidence that progesterone has a protective effect, 

and that this protective effect can be increased by a more continuous regime of 

higher progesterone exposure.  In fact, in women diagnosed with early stage 

endometrial cancer, a progesterone-releasing intrauterine device totally 

eliminates endometrial hyperplasia (Montz et al. 2002).  A recent review outlines 

the importance of progesterone both in terms of treatment for endometrial cancer 

and also for its prevention in the future (Kim & Chapman-Davis 2010).  

Furthermore, post-menopausal endometrial cancer patients with high levels of 

oestradiol (>120 pM i.e. 32.7 pgml-1) and low levels of progesterone (<0.5 nM i.e. 

157.2 pgml-1) did not have higher proliferation activity (measured as the fraction 

of cells in the synthesis phase, in the process of DNA replication) than women with 

mid-range hormone levels.  However, women with low levels of oestradiol (<60 

pM i.e. 16.3 pgml-1) and high levels of progesterone (>0.8 nM i.e. 251.6 pgml-1) 

exhibited significantly lower proliferation activity than women with mid-range 

hormone levels (Boman et al. 1993).  This relationship is even stronger when only 

looking at moderate or well differentiated tumours (Boman et al. 1993).  Thus, the 

stimulatory effect of oestradiol may be less important than the inhibitory effect of 

progesterone on the risk of developing endometrial cancer (Boman et al. 1993).  
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The progesterone deficiency hypothesis also fits into an evolutionary perspective.  

For most of human history, once women reached reproductive maturity, the 

majority were likely to be pregnant or lactating for extended durations until 

menopause (Short 1976; Wood 1994).  Investigations of the reproductive profiles 

of traditional hunter-gather women (as a proxy for ancestral fertility regimes) 

indicate that women from Western societies have around three-times as many 

cycles as women from traditional societies (Strassmann 1999).  Therefore, natural 

selection of regulatory mechanisms in human females occurred under conditions 

of reduced endometrial tissue proliferation (fewer menstrual cycles) and higher 

progesterone exposure (greater total pregnancy time).  Thus, the importance of 

progesterone in the development of endometrial cancer should not be ignored.  

One would expect women living more traditional lifestyles to have a lower age-

specific risk of endometrial cancer than those from Western populations.  In fact, 

age-specific rates of uterine cancers for Indians living in India is lower than for 

Indians residing in Singapore, the United Kingdom and the United States, or for 

Caucasians in the United States (Rastogi et al. 2008).  Of course, it is possible that 

diagnosis rates and underreporting of cases in India influence official incidence 

estimates (Babu 2009).  However, these comparisons between traditional and 

industrial lifestyles are supported by urban/rural and regional differences in 

cancer incidence (Sinha et al. 2009).   

 

The hypotheses presented here are not necessarily mutually exclusive; oestrogen 

and progesterone are complementary hormones.  Rather, it is possible (indeed 

highly probable) that a combination of mechanisms results in increased 

endometrial cancer risk.  One possible technique to separate the effects of 

oestrogen and progesterone would be to compare endometrial cancer risk in 

oestrogen receptor knockout mice given differing levels of progesterone.  If 

progesterone deficiency (regardless of oestrogen) leads to increased endometrial 

cancer risk, then mice with low progesterone levels should be at a higher risk of 

developing endometrial cancer than those with higher progesterone levels.  It is 

also possible that other factors not yet thoroughly tested (e.g. luteinising hormone, 

follicle-stimulating hormone, or amplitude of concentration change during 

menstrual cycles versus exposure levels per se) may also influence endometrial 

cancer risk. 
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Effect of the childhood environment on adult life 

 

Reproductive behaviours influence a woman’s lifetime exposure to oestrogen and 

progesterone by altering the number of menstrual cycles and total pregnancy time 

she experiences.  Differences in the timing of life history events (e.g. age at 

menarche and menopause) and social and parental behaviours (e.g. adult 

attachment, age at first birth and breastfeeding) may themselves be the result of 

the childhood environment and early life conditions (Chisholm et al. 2005).  During 

the first five years of life, perceptions of social and environmental conditions may 

entrain behavioural and sexual strategies that increase fitness under particular 

conditions (Belsky, Steinberg & Draper 1991).  In environments where juvenile 

mortality is high and women are unlikely to survive to menopause, life history 

traits that maximise reproduction earlier in life may be positively selected for even 

if they incur a cost in later life to those who exceed reproductive-life expectancy 

("antagonistic pleiotropy"; Charlesworth 1993; Williams 1957).  Negative later-life 

effects of early life adaptations are only evident when early mortality is low and 

are often associated with relaxed resource constraints (Parsons 2007), as is the 

case in most current Western human populations, where survival (and thus 

average life expectancy) are increased as a result of nutritional, public health, and 

medical interventions (Parsons 2007).  Endometrial cancer may be an example of 

one such cost because it is influenced by reproductive behaviours and yet does not 

develop until after reproductive cessation (Purdie & Green 2001).  To the extent 

that childhood social conditions entrain reproductive strategies (e.g. reproductive 

onset, parity, and breastfeeding), early family composition and the psychosocial 

environment may predict endometrial cancer risk (Figure 2.1).  
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Figure 2.1: Relationship between childhood conditions, reproductive parameters 

and risk of endometrial cancer. 

 

Beyond the intrauterine environment, the structure of the family is the first 

environment experienced by an individual and influences development and 

reproductive behaviours, regardless of the type of population studied (Belsky, 

Steinberg & Draper 1991; Sulloway 1996).  Although the specifics differ, in 

traditional, preindustrial and contemporary populations sibling composition 

influences reproductive outcomes.  For example, in the polygynous Kipsigis 

(Kenya), men with more brothers have fewer children surviving to five years of 

age (Borgerhoff Mulder 1998).  In the Gabbra, pastoralists in Kenya, men with 

more brothers have lower fertility, however women with more sisters are not at a 

fertility disadvantage (Mace 1996).  In the egalitarian !Kung (Kalahari desert), 

later-borns (particularly males) have increased fertility (Draper & Hames 2000).  

In preindustrial Finland, reduced reproductive success and later reproductive 

onset is associated with having an elder brother (Rickard, Lummaa & Russell 

2009).  In contemporary Australia, having more brothers is associated with 

delayed sexual maturation (Jones et al. 1972; Milne & Judge 2011) and delayed 

onset of sexual activity in females (Milne & Judge 2011).  Contemporary later-



Chapter 2 

 18 

borns not only desire more sexual partners (Michalski & Shackelford 2002) but are 

also more sexually active (Milne & Judge 2009; Rodgers & Rowe 1988).  Australian 

male middleborns have a younger age at first sexual intercourse but have an older 

age at first birth (Milne & Judge 2009).  Contemporary American later-borns are 

reported to desire children at a later age than do their older siblings (Michalski & 

Shackelford 2002).  Australian middleborns of both sexes have fewer children than 

firstborns (Milne & Judge 2009).  These examples of human phenotypic plasticity 

(Kim, Smith & Palermiti 1997) indicate responses to family composition across a 

variety of ecological contexts.  Individuals respond to environmental cues during 

development by altering morphology, physiology, and/or reproductive behaviour 

(Crespi & Denver 2005) which, in turn, may alter the risk of developing 

endometrial cancer. 

 

The social environment during childhood, beyond sibling composition, also 

influences reproductive life history traits (Belsky, Steinberg & Draper 1991; 

Draper & Harpending 1982).  Family composition can influence the socio-

emotional environment of development that, in turn, influences reproductive 

behaviour.  Girls with absent fathers have earlier menarche (Belsky, Steinberg & 

Draper 1991; Draper & Harpending 1982).  Furthermore, early childhood 

psychosocial conflict results in early puberty, as well as early and less 

discriminative reproductive behaviour (Belsky, Steinberg & Draper 1991; Ellis & 

Essex 2007), even after controlling for resource availability (Chisholm 1993; 

Chisholm et al. 2005).  Menarche occurs at an earlier age when girls are exposed to 

less sensitive and less nurturing experiences in the family environment (Belsky, 

Steinberg & Draper 1991).  Children from families with unstable pair-bonds or an 

environment of familial distrust are more likely to have an earlier age of puberty, 

accelerated sexual activity and unstable pair-bonding themselves as adults (Kim, 

Smith & Palermiti 1997).  Parental marital unhappiness, conflict with the mother, 

rejection by the father, decreased maternal emotional closeness from birth to age 

11, and increased behavioural independence from the mother and father from age 

eight to 11, are associated with earlier menarche in Italian secondary school girls 

(Kim, Smith & Palermiti 1997).  In turn, earlier menarche is associated with a 

younger age of dating, and an increased age difference between the girl’s age and 

her sexual partner’s age at her first sexual experience (Kim, Smith & Palermiti 
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1997).  Thus, the childhood psychosocial environment influences reproductive 

behaviours later in life, and these reproductive behaviours may change a woman’s 

exposure to endogenous hormones throughout her life course and thus 

endometrial cancer risk. 

 

The Adverse Childhood Experiences (ACE) panel is a quantification tool designed 

to measure psychosocial stress experienced during childhood, including emotional, 

physical and sexual abuse, physical and emotional neglect, and household 

dysfunction (Felitti et al. 1998).  Over the last decade, the use of ACE in 

epidemiological studies has proliferated, with over 50 published scientific papers 

and 100 conferences and workshops (CDC 2010).  It is common to have at least 

one adverse childhood event; 55% of women, and 53.5% of adults over the age of 

50 years reported experiencing at least one childhood exposure (Felitti et al. 

1998).  In addition, adverse childhood experiences influence reproductive 

parameters in adulthood; girls with higher ACE scores have earlier menarche, 

earlier onset of dating, earlier age at first sexual intercourse, and more sexual 

partners (Jorm et al. 2004; Kim, Smith & Palermiti 1997).  All of these 

characteristics alter exposure to reproductive hormones and thus may influence 

risk of endometrial cancer. 

 

Higher ACE scores, which are indicative of greater levels of psychosocial stress, are 

also related to the development of adult diseases, including obesity (Anda et al. 

2002; Dong et al. 2004a; Dong et al. 2004b), liver disease (Dong et al. 2004a), 

ischemic heart disease (Dong et al. 2004b; Felitti et al. 1998), sleep disorders 

(Anda et al. 2006), chronic obstructive pulmonary disease (Anda et al. 2008), 

immune and rheumatic disorders (Dube et al. 2009), skeletal fractures, and 

multiple cancers (Felitti et al. 1998).  ACE scores are also associated with adult 

psychosocial stress (Anda et al. 2006), which increases the risk of cancer and 

premature mortality (Chen et al. 1995; Chida et al. 2008; Forsen 1991; Ginsberg et 

al. 1996; Hamer, Chida & Molloy 2009; Ollonen, Lehtonen & Eskelinen 2005).  

Thus, there is a strong theoretical rationale for the childhood environment 

influencing adult physical health, which is consistent with the developmental 

origins of health and disease (DOHaD) paradigm (Barker 2004).  The effect of the 

family environment on maturation and adult disease risk may be thought of as a 
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continuation of the pre-birth intrauterine environment, with a shift from primarily 

physiological to primarily psychosocial mechanisms.  Just as the intrauterine 

environment predisposes individuals to developmental pathways associated with 

metabolic disease (Godfrey & Barker 2000), the early family environment may 

predispose individuals to developmental pathways that influence the risk of 

reproductive cancers. 

 

 

Conclusion 

 

Most previous research investigating endometrial cancer has focused primarily on 

adult risk factors (Purdie & Green 2001).  This review presents a model of effects 

of early childhood experiences on adult risk factors.  We hypothesise that the 

relationship of early-life conditions to later-life behaviours and illness is the result 

of changes in developmental trajectories and biochemical mechanisms that affect 

acclimation in early life, and that these changes also result in costs in later life that 

are possibly reflective of either antagonistic pleiotropy or ‘environmental 

mismatch’ (Gluckman & Hanson 2004).  Reproductive cancers may be evidence of 

a later life cost of earlier sexual maturation and activity, more partners, prolonged 

childlessness and limited investment in one’s own children in response to early 

childhood developmental pathways.  As public health, nutritional and medical 

advances allow more people from many nations to survive into old age, more of 

these later life reproductive diseases, such as endometrial cancer, may be revealed. 

 

A life history approach to any reproductive cancer is an essential element for 

heightening our understanding of why these cancers occur.  Breast cancer is also 

influenced by reproductive behaviours; early menarche, age at first birth after 24 

years, nulliparity, not breastfeeding and late menopause increase the risk of 

developing breast cancer (Eaton et al. 2002; Hankinson, Colditz & Willett 2004; 

Russo et al. 2005; Russo & Russo 1997; Russo & Russo 2008).  These risk factors 

are all associated with an increased number of menstrual cycles indicative of a 

dramatic difference in life history pattern between ancestral and modern day 

women (Strassmann 1999).  Strassmann investigated the relationship between 
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menstrual cycling profiles and breast cancer by comparing relative numbers of 

menses per reproductive life between Dogon women, who live traditional 

lifestyles, and contemporary American women.  Dogon women had a median 

number of menses per lifetime of 109, whilst American women had 355 

(Strassmann 1999).  Additionally, the rate of breast cancer in North American 

women is one in eight, whilst it is only one in 96 in urban West African women (a 

population whose menstrual profile is similar to that of Dogon women) 

(Strassmann 1999).  Therefore, there is ecological evidence of differences in 

ancestral and contemporary environments that may have resulted in an increased 

rate of reproductive disease; this suggests the need for broader, more holistic 

epidemiological research into the relationship between life history strategies and 

reproductive disease risk.  

 

Another reproductive cancer that is influenced by reproductive strategy is cervical 

cancer.  Cervical cancer is a sexually transmitted disease (Biswas et al. 1997; Stone 

et al. 1995) that is primarily caused by infection with human papillomavirus (HPV) 

(Deacon et al. 2000) and thus differs aetiologically from the development of 

endometrial cancer.  However, early onset of sexual activity and sexual 

promiscuity are risk factors for transmission of HPV and the subsequent 

development of cervical cancer (Biswas et al. 1997; Deacon et al. 2000; Stone et al. 

1995).  The risk of cervical cancer is therefore directly related to behavioural and 

reproductive strategies employed in adolescence and adulthood, which are 

themselves influenced by early life conditions (Belsky, Steinberg & Draper 1991).  

 

This review posits that early life adverse circumstances may change attachment 

systems and reproductive development in ways that increase overall sexual 

activity, change patterns of hormonal exposure and alter the risk of a panoply of 

reproductive cancers.  While breast cancer has a high degree of genetic influence 

and cervical cancer is largely caused by exposure due to behaviour, they can be 

seen as approximating the two ends of a continuum of genetic to behaviourally 

caused cancers.  Where endometrial cancer fits into this continuum is currently 

unknown, but only by looking at the full life course can its position be determined.  

Hormones clearly play an important role in determining endometrial cancer risk.  

Reproductive behaviours (e.g. parity, breastfeeding) and timing of life history 
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events (e.g. menarche, menopause) directly influence the number of menstrual 

cycles and total pregnancy time a woman experiences during her reproductive life, 

which, in turn, determine her exposure to oestrogen and progesterone (Figure 

2.2).  These reproductive profile parameters are well known risk factors for 

endometrial cancer (Henderson & Feigelson 2000; Purdie & Green 2001; 

Rosenblatt & Thomas 1995; Wernli et al. 2006).  Additionally, differing aspects of 

the early childhood environment, including family structure and psychosocial 

conflict, impact the reproductive strategies employed by an individual (Belsky, 

Steinberg & Draper 1991; Draper & Harpending 1982; Ellis & Essex 2007; Milne & 

Judge 2009; Rowe 2002).  As such, we suggest that the early childhood 

environment influences the risk of endometrial cancer through changes to 

reproductive profiles and hormonal exposure.  We are therefore focusing current 

and future investigations on the relationships between the childhood environment, 

intermediating reproductive strategies, and the risk of endometrial cancer. 

 

 
Figure 2.2: Hypothesised pathway from early life environment through adult 

reproductive factors and hormone exposure to endometrial cancer risk.  The 

proposed mechanisms include high oestrogen exposure and/or progesterone 

deficiency. 
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Chapter 3: Methodology 

 

 

 

Study design 

 

The research undertaken for this thesis comprised a case-control study of 3003 

women investigating the effect of the childhood environment on the likelihood of 

developing endometrial cancer mediated through changes to adult reproductive 

behaviours.  This research used routinely collected medical and health service data 

from the Western Australia Cancer Registry (WACR), as well as a targeted mailed 

questionnaire that asked for information on a range of participant 

sociodemographic characteristics, reproductive histories and lifestyle factors. 

 

 

Study population 

 

Western Australia is home to just over 2.2 million people (ABS 2012).  Females 

make up 49.7% of the state’s population, and 31.4% of these females are aged 50 

years or older, as determined by the 2011 Census (ABS 2012). 

 

All study participants, both cases and controls, were adult (≥18 years) females 

with a record of cancer diagnosis in the WACR between 1st January 2000 and 31st 

December 2009, alive at the time of selection, living in Western Australia, and who 

had not previously indicated that they did not want to be contacted by researchers. 

 

All participants in this study were recruited through the WACR.  The WACR is part 

of the Western Australian Department of Health (WADoH) and is a statutory 

registry for all cancer diagnoses made within Western Australia (WADoH 2011).  It 

is a legal requirement for all pathologists and radiation oncologists to report all 

cancer diagnoses in Western Australians to the WACR (WADoH 2011).  Mandatory 

reporting of cancer diagnoses to the WACR became compulsory in 1981 and all 



Chapter 3 

 24 

invasive-tumour diagnoses after this time are recorded in the WACR (WADoH 

2011).  In 1996 it became compulsory to report all potential cancer diagnoses, 

invasive or otherwise, to the WACR (WADoH 2011).  Furthermore, all cancer 

records are histologically verified as standard practice for WACR notifications.  

Therefore, the use of the WACR allows a whole-population approach to sampling 

potential study participants for cancer research, which is an approach that has 

been used widely in the literature to date (Clayforth et al. 2007; Ives et al. 2007; 

Reid et al. 2009; Semmens et al. 2000; Threlfall, English & Rouse 1998).  In 

addition, the WACR also ensures complete outcome information that is highly 

accurate and validated for all records. 

 

Case selection 

All women diagnosed with invasive uterine cancer in Western Australia between 

1st January 2000 and 31st December 2009 were eligible for participation as cases 

for this study.  This cancer had to be their only cancer record.  Cancers were 

identified using the period-specific International Classification of Diseases 

Oncology codes (ICD-O; WHO 2011). The specific ICD-10 codes used to identify 

malignant neoplasm of corpus uteri are outlined in Table 3.1. 

 

Table 3.1:  ICD-O codes used to identify women with invasive endometrial cancer. 

ICD code Description 

C54.0 Isthmus uteri (lower uterine segment) 
C54.1 Endometrium 
C54.2 Myometrium 
C54.3 Fundus uteri 
C54.8 Overlapping lesion of corpus uteri 
C54.9 Corpus uteri, unspecified 

 

This selection method resulted in a total of 751 cases being identified, who were 

invited to participate in the study. 

 

Control selection 

Controls were selected at random from the WACR provided they fit the overall 

participant criteria (alive adult females with a record of cancer diagnosis in the 

WACR between 2000 and 2009 (inclusive), living in Western Australia, and who 
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had not indicated previously that they did not want to be contacted by 

researchers) and the following control-specific selection criteria.  Women with the 

following cancer diagnoses were not invited to participate; C00 (lip, gum & 

mouth), C50-C58 (Breast, Vulva, Vagina, Cervix, Uterus, Ovary, Placenta), and C73-

C75 (Thyroid gland, Adrenal gland, Endocrine glands).  These criteria reduced the 

chance that similar exposure(s) explain both endometrial cancer and the control 

cancers (Smith, Pearce & Callas 1988).  Additionally, three controls for each 

identified case were matched by year of cancer diagnosis, and age group at 

diagnosis (2.5yrs age difference), which resulted in 2252 control women who 

were invited to participate in the study. 

 

Rationale for use of cancer patients for study controls 

As outlined above, cancer controls, rather than population controls, were used for 

this study.  This approach has a number of methodological and practical 

advantages when compared with the use of population controls and has been 

widely used by epidemiological cancer studies for over 20 years (Horwitt & 

Feinstein 1978; Rothman, Greenland & Lash 2008; Smith, Pearce & Callas 1988).  

Firstly, this method decreases response bias, as cancer controls are more likely to 

complete questionnaires regarding possible cancer risk factors than healthy 

individuals (Smith, Pearce & Callas 1988).  Secondly, the differences in the level of 

recall between cases and controls are reduced, as both groups having had cancer 

may have spent time thinking or being asked about possible explanations for their 

cancer, thereby minimising the likelihood of differential recall bias between study 

groups (Smith, Pearce & Callas 1988; Woodward 2005).  Thirdly, selection bias is 

reduced as both cases and controls come from the same source population (Smith, 

Pearce & Callas 1988; Woodward 2005), which in this instance was a statutory 

whole-population cancer register.   

 

One potential problem with using cancer controls rather than population controls 

is that cancer controls are only valid when the type of cancer they have does not 

have the same risk factors as the outcome cancer being investigated (Woodward 

2005).  This has been addressed in this study in two ways.  First, by the exclusion 

of certain cancer types from the control selection including other reproductive and 

endocrine organ cancers (see section “Control selection” for full list of excluded 
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cancer types) that have similar risk factors to endometrial cancer (Cetin, Cozzi & 

Antonazzo 2008; Cibula et al. 2010; Fujita et al. 2008).  Second, as is outlined in the 

next chapter, controls had a wide range of cancers.  This decreases the chance that 

any cancer that has an as yet unknown association with endometrial cancer risk 

factors influences the difference between cases and controls (Woodward 2005).  

 

From a practical perspective, this approach also has the additional benefits of 

reducing time and money invested in participant recruitment (Smith, Pearce & 

Callas 1988).  In addition, the method of using cancer controls is a common 

practise that was first applied as early as 1931 (Hoffman 1931), and by the late 

1980s cancer controls had been used in more than thirty case-control studies 

(Smith, Pearce & Callas 1988), including studies of endometrial cancer (Horwitt & 

Feinstein 1978; Smith et al. 1975).  This method of using disease controls is now 

well accepted and promoted by leading epidemiological methodologists (D'Souza 

et al. 2007; Grimes & Schulz 2005; Rothman, Greenland & Lash 2008). 

 

 

Participant recruitment 

 

All eligible cases and controls as identified according to the processes outlined 

above were contacted by the WADoH and invited to participate in the study.  

Specifically, as outlined in more detail in the sections below, eligible participants 

were mailed an invitation to participate from the Manager of the WACR, along with 

a WACR information brochure, study information sheet and questionnaire 

(Appendices A-D). 

 

 

Questionnaire design 

 

An anonymous written survey technique was used.  The questionnaire consisted of 

questions specific to this study, or that were taken directly or modified from 

previously published surveys including the Australian National Endometrial 

Cancer Study (ANECS 2009), Western Australian Bowel Health Study (Iacopetta et 
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al. 2009), and the Adverse Childhood Experiences Study (ACE; Felitti et al. 1998).  

Although, the ACE panel includes potentially sensitive questions for respondents, it 

is a widely used survey tool that assesses psychosocial stress during childhood 

(CDC 2010; Felitti et al. 1998).  It has been empirically validated in the peer-

reviewed literature (Felitti et al. 1998), and used in numerous previous studies 

with respondents from the same age group as recruited by this study (Anda et al. 

2002; Felitti et al. 1998; Jorm et al. 2004).   

 

The draft questionnaire then underwent a series of reviews by senior researchers 

with expertise in early childhood development, reproductive behaviours and 

survey design.  Once the final draft of the questionnaire was developed it was 

piloted by a sample of women (n = 5) with varying levels of education, 

reproductive histories and family backgrounds, all of whom were in the expected 

age range of the participants (i.e. 30-90 years).  This pilot testing was undertaken 

to evaluate elements such as:  

 The average time required to complete the questionnaire. 

 Whether items allowed for all potential answers. 

 Whether any items were confusing. 

 Whether questionnaire items had face validity. 

 Whether the questionnaire was understandable.   

 

After feedback was received from this pilot phase, some minor changes were 

made.  The final questionnaire was then professionally printed and bound.  All 

questionnaires had a five-digit identification number stamped on the top right 

hand corner of the first internal page.  This five-digit identification number was 

used to maintain participant confidentiality in completing and returning the 

questionnaire and was later used to link the women who returned completed 

questionnaires to their routinely collected WACR medical data by WACR 

personnel.  A copy of the final questionnaire can be found in Appendix D. 
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The study questionnaire contained 50 questions and took approximately 30 

minutes to complete.  The questionnaire included items relating to:  

 Demographics including age, country of birth, ethnicity and educational 
attainment. 

 Information on natal family socioeconomic status and structure (sibship 
size, birth order, sex composition). 

 Menstrual history (age at menarche and menopause, cycle length and 
regularity). 

 Sexual and relationship history. 

 Parity and onset of reproduction, including sex of each child, date of birth of 
each child, whether they breastfed and if so, duration of breastfeeding. 

 Contraceptive use. 

 Medical history including history of diabetes, polycystic ovarian syndrome, 
osteoporosis, hysterectomy and oophorectomy. 

 Family history of endometrial, breast and bowel cancer. 

 Anthropomorphic measures including height, weight and body shape. 

 The Ferriman-Gallwey scale for hirsutism. 

 Early childhood psychosocial environment measured by the full Adverse 
Childhood Experiences (ACE) panel. 

 Lifestyle measures including smoking, exercise, alcohol, red meat and tea 
consumption during their early forties. 

 

Questionnaire mail-out  

The initial mail-out packs were sent to all potential 751 cases and 2252 controls 

identified through the WACR as outlined previously.  These mail packs included a 

cover letter on WADoH letterhead from Dr Timothy Threlfall, the Principal Medical 

Officer and Manager of the WACR, a study information sheet, a return-paid 

envelope, WACR brochure and the study questionnaire.  The first wave of these 

mail packs was sent to the potential participants in April-May 2010.  A copy of all 

material sent in the mail packs is included in Appendices A-D.  

 

In order to increase participant response, a two-stage process was employed 

(Dillman 1978; Hoddinott & Bass 1986).  This involved follow-up reminder letters, 

addressed from Dr Timothy Threlfall, being sent three weeks after the initial 

mailing date to all women who: a) had not returned a completed questionnaire, b) 

had not contacted the WADoH or the study researcher(s) indicating that they did 
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not wish to or could not participate, or c) had not had the mail pack returned to 

sender.  The follow-up letter (see Appendix E) provided a reminder to women of 

the questionnaire pack they had received three weeks earlier, and informed them 

that if they had lost their initial questionnaire but still wished to participate they 

could contact the researchers and they would be sent a new copy of the study 

questionnaire (18 women called and were sent a new questionnaire).  Requests for 

a new copy of the questionnaire were not granted after nine-weeks post-initial 

contact; only one woman called after this time, and she was thanked but told that 

for study purposes a questionnaire could no longer be sent.  

 

 

Questionnaire data entry 

 

Data entry from returned questionnaires commenced in July 2010 and was 

completed by January 2011.  Any decisions relating to interpretation of participant 

responses made during data entry were recorded in the data file.  All data were 

entered directly into SPSS v18.   

 

After 160 questionnaires had been entered, a 10% data check was performed.  

Specifically, 16 questionnaires were chosen at random and were re-entered 

independently by the same data entry person (the PhD candidate, Fritha H. Milne).  

Sixty-four randomly selected items from the re-entered questionnaires were 

compared with their original entry.  An overall error fraction of 2.3% was found; 

however, the undiscoverable (i.e. would not be found during routine data cleaning) 

error fraction was only 0.4%.  Errors that would be routinely detected and 

amended during the data cleaning process included: spelling mistakes of entered 

text, differences in abbreviations in string/text variables, coding variables as ‘don’t 

know’ instead of ‘don’t remember’, or incorrectly entered numbers outside the 

biologically plausible range.  Errors deemed as ‘undiscoverable’ included numbers 

that were incorrectly entered but still plausible or biologically valid. 

 

After completion of data entry, a subsequent 4% data check was also undertaken.  

Forty-two questionnaires were chosen at random by an independent member of 
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the research team (not including the 160 initially entered questionnaires), 

independently re-entered (by the PhD candidate, Fritha H. Milne), and compared 

with original entry.  An overall error fraction of 1.8% was found, with an 

undiscoverable error fraction of 0.03%.  Day, Fayers and Harvey (1998) found that 

provided data are cleaned, as was done in this study, data error of up to 20% does 

not drastically impact the summary statistics or significance levels.  Therefore, the 

level of accuracy observed in the data entry process for this study was deemed 

acceptable. 

 

 

Medical data extraction 

 

Demographic and medical data for consenting participants were extracted from 

the WACR in February 2011.  The study-specific five-digit participant number was 

used to deterministically link consenting participants’ questionnaire data to their 

medical data relating to cancer diagnosis.  This extraction process signified the end 

of the data collection.  A range of sociodemographic and clinical variables that 

were extracted from the WACR for participants included: 

 Year, age and date of diagnosis. 

 Residential postcode at diagnosis. 

 Cancer type and ICD-10 code. 

 Tumour morphology, behaviour and grade (Refer to Chapter 4 for details). 

 

Basic demographic descriptive data of non-respondents were also provided from 

the WACR.  This enabled comparisons between the respondents and non- 

respondents in terms of year, postcode and age at cancer diagnosis, allowing 

determination of possible selection bias resulting from systematic differences in 

these characteristics between respondents and non-respondents in basic 

demographic and clinical characteristics. 
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Data cleaning 

 

Questionnaire data 

Comprehensive cleaning of the questionnaire data were performed prior to data 

analyses.  This process involved thorough inspection and forensic interrogation of 

all questionnaire items one at a time, using comments written during data entry, to 

determine how best to respond to missing or unexpected participant responses.  

After completion of this process, further data checking was undertaken; related 

variables were crosschecked using graphical and descriptive tools in SPSS v18 to 

search for inconsistencies, particularly in terms of reproductive histories both 

within and between participants.  Any inconsistencies identified were compared to 

the original questionnaire responses to determine if it was a data entry error, or, if 

not, what the participant meant by their response obtaining help from any written 

comments.  If the correct response could not be determined it was considered a 

missing value. 

 

WACR medical data 

As outlined above, WACR data are accurate and complete records due to the 

statutory data collection requirements and histological confirmation that is 

standard practise.  Once extracted, extensive cleaning and checking of the WACR 

medical data were undertaken in accordance with the standardised process used 

for more than 15 years by the Western Australian Data Linkage Branch (Holman et 

al. 1999; Kelman, Bass & Holman 2002).  

The cleaning performed included checks for: 

 Duplicate records. 

 Consistency between related demographic and clinical variables. 

 Plausibility of the range of a variable based on selection criteria. 

 Frequency distribution for each variable. 

 Comparison of distributions of variables for cases and controls. 

 

The only problems identified by this process were that one respondent actually did 

not have cancer and three women had control cancers that were not approved 
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within selection criteria, these four women were excluded.  This tiny number of 

problems highlights the fact that the WACR data are maintained at a very high 

standard of accuracy and completeness. 

 

 

Exposure ascertainment 

 

Multiple early and mid-life exposures were investigated.  These included: the early 

childhood psychosocial environment, natal family composition, adult reproductive 

behaviours and lifestyle factors.  These exposures were ascertained through 

responses to specific questionnaire items as detailed below.  It should be 

acknowledged that data collected from the questionnaire are self-reported and 

retrospective.  Although this is a limitation it is one that could not be avoided given 

the timeline of this research.  Furthermore there is no reason to assume that any 

under or over estimation in participants’ responses would be biased for any 

specific group of interest and therefore should not influence the results.  

 

Childhood psychosocial environment 

Participants provided responses to the Adverse Childhood Events (ACE) panel 

which assesses the psychosocial environment during childhood, including: 

psychological, physical and sexual abuse, and measures of household dysfunction 

(Felitti et al. 1998).  Belsky Steinberg & Draper (1991) suggest that the first 5-7 

years of life shape individuals’ reproductive behaviours in later life.  Therefore, 

participants were asked about their psychosocial environment during the first 

seven years of life.  Additionally, the use of this age range removed any potential 

impact of sexual maturation.  An ACE score was computed from the ACE panel by 

summation of the number of exposures to eight adverse childhood events 

(psychosocial abuse, physical abuse, sexual abuse by household members, sexual 

abuse by non-household members, being witness to mother being treated 

violently, having a household member who was a substance abuser, mentally ill 

and/or incarcerated) experienced before seven years of age.  The ACE score ranged 

from zero (no adverse events) to eight (all events happen to respondent at least 

once during the first seven years of life). 
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Other aspects of the psychosocial environment were also assessed in the 

questionnaire.  These included death of family members, separation from either 

parent, parental marital happiness as perceived by the participant, parental 

divorce, quality of relationship to both parents, and overall perceived quality of 

family life.   

 

Deaths of different family members (mother, father, sibling or ‘other’ living with 

the respondent in childhood) were asked as separate questions.  However, due to 

the small numbers of individuals responding ‘yes’ to any one of these questions 

(<6% for each), they were combined into one variable for the purpose of this 

study.  Death of a family member was a binary variable (yes/no); ‘yes’ indicated 

that the participant had lost at least one family member during the first seven 

years of life. 

 

Father absence and mother absence were also binary variables; ‘yes’ indicated that 

the participant felt that at some point during the first seven years of life they were 

separated from that parent “for what seemed like a long time”.  Therefore, this 

variable represents a perceived separation; individuals may have only been 

separated from their parent(s) for weeks, but if they said yes to this question it 

indicates that they perceived this separation as important.  The average age of 

these women was 64.8 (± 11.1) years, thus separations reported must have been 

significant to the respondent, as they have remembered them for, on average, 

more than 57.8 years (range = 26.9 – 88.0 years).  

 

Parental marital happiness was a composite variable created by the summed 

responses to the questions of “parental marital relations” (very unhappy to very 

happy) and “parental marital conflict” (high conflict to low conflict).  Parental 

marital happiness was a continuous variable with a response scale ranging from 2 

to 14, where a high score represented a very happy and low conflict marriage, as 

perceived by the respondent as a child.  Due to the small number of participants 

who reported their parents separating during the first seven years of life (n = 36, 

4.6%) and the significant negative correlation with parental marital happiness 
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(Spearman’s rho = -0.231, p < 0.001), a measure of actual parental 

separation/divorce was not included in the analyses. 

 

Relation with father and with mother were composite variables created by the 

summation of scored responses to three variables: “conflict between yourself and 

your father/mother” (high conflict to low conflict), “father’s/mother’s care of 

yourself” (rejecting to accepting) and “emotional distance between your 

father/mother and yourself” (very distant to very close).  Relation with father and 

relation with mother were discrete variables that ranged from 0 to 21.  A high score 

on relation with father (mother) indicated a relationship with low conflict, high 

closeness and acceptance with their father (mother) during the first seven years of 

life as perceived by the participant. 

 

Overall quality of family life was evaluated using a seven-point Likert scale that 

ranged from 1 (very stressful) to 7 (very un-stressful), and represented the overall 

perceived stress by the woman during her first seven years. 

 

Altogether there were eight psychosocial environmental variables included in the 

analyses: ACE score, death of a family member, father absence, mother absence, 

parental marital happiness, relation with father, relation with mother, and overall 

quality of family life.   

 

Family composition 

Participants provided the birth date, sex, and relationship of all children living in 

their natal household.  Relationship types included full siblings, stepsiblings, half 

siblings, adopted siblings and “other”.  “Other” may have included cousins or family 

friends who were raised by the participants’ parents.  These data permitted 

considerable information concerning the composition of the family during 

childhood to be ascertained.  The biological birth order and rearing order of the 

participants were determined.  Rearing order accounted for all children in the 

home; for example, an individual may be the first child born to their parents but if 

their parents had previously adopted a child, this individual’s biological birth 

order would be first-born, but their rearing order would be second-born, as they 

grew up with one older child (or an effective sibling) in the family home.  
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Additionally, rearing order accounts for the death of elder siblings before the birth 

of the participant; for example an individual may be the second born child to their 

parents, but if their elder sibling died before the participant was born, their 

biological birth order would be second-born, but their rearing order would be 

first-born as they were raised as the eldest child in their family home.  As this 

research was focussed on the effect of the childhood environment on endometrial 

cancer risk, rearing order rather than the biological birth order was investigated.  

Therefore, from herein, unless otherwise stated, the use of the terms siblings, 

brothers or sisters, includes not only full siblings, but also step, half, adopted and 

other effective siblings (i.e. all other children the participant grew up with in their 

childhood home). 

 

The functional rearing order takes into account the preceding inter-birth interval 

(Milne & Judge 2009).  The concept of functional birth order was introduced by 

Sulloway (1996).  The first five years of life are crucial for the development of 

behaviour and personality (Sulloway 1996).  Therefore, children born five or more 

years after the next eldest child are ‘functionally’ firstborns as they behave more 

similarly to true firstborns than to other later-born children.  Using the data on 

month/year of birth of each child in the household, the preceding inter-birth 

interval for each participant was calculated.  All participants who were the first 

child in their sibship were classified as firstborns.  Lastborns were those 

participants whose rearing order was equal to their sibship size.  Middleborns 

were all participants who were neither firstborns (functional or true) nor 

lastborns.  All participants who were five or more years younger than the next 

eldest child were classified as functional firstborns.  Only children and functional 

firstborns did not differ from true firstborns in terms of reproductive measures, 

and therefore these individuals were collectively referred to as functional 

firstborns.  Due to the statistical requirement for independent variables used in 

regression analyses in Mplus to be continuous or binary, any categorical variable 

with three or more levels was first transformed.  Two binary variables were 

created to investigate functional rearing order; firstborn which compared 

functional firstborns to later born individuals, and middleborn which compared 

middleborns from other individuals, as Milne & Judge (2009) determined that 



Chapter 3 

 36 

middleborns differed from first and lastborns in a number of adult reproductive 

behaviours.  

 

Another aspect of family composition considered was the number of younger and 

elder brothers and sisters.  Previous research has looked at the presence or 

absence, of younger and elder brothers and sisters (Milne & Judge 2011) rather 

than the number of each.  This study was able to use the actual numbers of elder 

and younger siblings of each sex.   

 

Adult reproductive behaviours 

Women were asked to provide their age at menarche (first menstrual period) and 

age at first (consensual) sexual intercourse with a male partner.  Number of sexual 

partners was collected as a categorical variable (0, 1-2, 3-4, 5-9, 10-14, 15-19 and 

>20) to maximise response fractions for this potentially sensitive question.  

Numbers of committed sexual relationships (defined as a relationship that lasted 

more than six months, or where the couple had cohabited, or been engaged or 

married), pregnancies and children were collected as open-ended continuous 

variables.  Women also provided the total number of years in which they were 

involved in committed sexual relationships (total duration of committed 

relationships).  Ages at first and last birth were calculated from the difference 

between the woman’s age at participation and the month and year of birth of her 

first and last child, respectively.  Women also indicated whether they had breastfed 

each of their children, and if so for how long.  From this, ever breastfed (a 

dichotomous variable) and the total duration of breastfeeding across all children 

were calculated.  The average inter-birth interval (IBI) was calculated by taking the 

age difference between the first and last child and dividing it by the number of 

children minus one.  Age at menopause was defined as the reported age at natural 

menopause, double oophorectomy or hysterectomy (whichever came first).  As a 

result, all cases, by definition, were post-menopausal, as a hysterectomy is the 

typical management for endometrial cancer diagnosis.  However, not all controls 

(11.5%) had reached menopause at the time of this study. 
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Lifestyle variables 

As this study focused on the childhood environment, it was important to have a 

measure of the natal family socioeconomic status (FSES).  FSES represents an early 

predictor of social disadvantage and stress during childhood (Brunner 1997), and 

may influence the onset of sexual maturation (Chisholm & Coall 2008; Ellis & Essex 

2007).  Participants were asked directly to choose which description best 

described their childhood conditions: ‘poorer than most’, ‘of average wealth’, 

‘somewhat better off than most’ or ‘wealthier than most’.  Due to the small number 

that selected the ‘wealthier than most’ response (n = 11, 1.4%) these were grouped 

with the ‘somewhat better off than most’ response.  To measure FSES, two binary 

variables were created: low-FSES and high-FSES.  Low-FSES compared individuals 

from poorer than most families with those from families of average wealth or 

wealthier than most.  High-FSES compared women from above average wealth 

families with those from average or below average wealth families.  Father’s 

education or family income have also been used as measures of FSES (Ellis & Essex 

2007).  However, given the age of the participants, low-FSES and high-FSES were 

considered to reflect the relative economic status at a level of precision that 

women were more likely to remember.  Additionally, they measure the 

participant’s perception of FSES and therefore their perceived stress due to 

socioeconomic factors and level of inequality.  Perceived stress and inequality can 

cause lifetime effects (Chisholm & Burbank 2001; Chisholm & Coall 2008).  

Furthermore, it provides a standard measure across a variety of age classes and 

countries of birth; income for example has changed considerably over the last 50 

years, e.g. the average weekly earnings in Western Australia in 1959-60 was 

$39.20 (O'Neil 1970), whilst in 2007-08 it was $1821.00 (Pink 2010).   Therefore, 

using income would have required some form of scaling depending on year and 

country of birth.  Conversely, asking for the participant to self-report how their 

family compared to others in that time provides a more standardised measure 

regardless of year or country of birth. 

 

Level of education is associated with reproductive timing, number of children 

(Weeden et al. 2006), and endometrial cancer risk (Kelsey et al. 1982).  

Additionally, sibling composition impacts educational attainment (Conley 2000).  

Therefore, education is a potential confounding factor and was controlled for in 
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deriving the model for this thesis.  Post-secondary education was a binary variable 

that compared women who completed post-secondary education (e.g. trade, TAFE, 

college or university studies) with women who only partook in some level of high-

school education through to year 12.   

 

Although 91.9% of these women were post-menopausal, they still ranged in age 

from 33.9 to 95.0 years, and thus came from varying generations and may have 

experienced different cultural influences.  Therefore, it was decided to control for 

this potential issue by statistically adjusting for age.  Age was a continuous variable 

calculated from the women’s WACR medical record using month and year of birth 

and the date of questionnaire completion. 

 

Smoking has been shown to influence endometrial cancer risk (Akhmedkhanov, 

Zeleniuch-Jacquotte & Toniolo 2006; Hoffman 1931; Purdie & Green 2001).  Here, 

two measures for smoking were included.  The first was smoke in home, a binary 

variable indicating a smoker in the respondent’s childhood home.  The second, 

smoking status at diagnosis, was also a binary variable that indicated whether the 

respondent smoked at the time of their cancer diagnosis or not (the latter group 

included women who never smoked and former smokers).  Smoking at diagnosis 

rather than at time of questionnaire administration was used to a) reduce the 

effect of cancer diagnosis on smoking status (Demark-Wahnefried et al. 2005), and 

b) to reduce any potential impact of difference in time since diagnosis on smoking 

status, as women may have been diagnosed anytime during the 10 year period 

(2000 - 2009).  A qualitative measure of smoking was employed rather than a 

quantitative measure (e.g. intensity, duration or pack-years) based on the work of 

Terry et al. (2002) who found that quantitative measures only altered estimates of 

endometrial cancer risk for current smokers. 

 

Obesity has been shown to influence endometrial cancer risk (Hill & Austin 1996; 

Kaaks, Lukanova & Kurzer 2002).  Participants were asked to provide their weight 

and height in their early 40s and, from these, body mass index (BMI = kg/m2) was 

calculated to assess obesity (Hosono et al. 2011).  Self-reported measures of 

height, weight and BMI for women are highly correlated with measures reported 

by trained medical staff (r = 0.918, 0.910, and 0.913 respectively) (Hosono et al. 
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2011).  Weight in the early 40s was considered preferable to weight at time of 

questionnaire completion because current weight may have been influenced by 

cancer treatment; 24 months after diagnosis around two-thirds of endometrial 

cancer patients have been reported to have BMI fluctuations exceeding 1kg/m2 

(El-Safadi et al. 2012).  Furthermore, body weight in the early 40s limited any 

effect menopause may have on weight.  

 

The use of hormonal contraceptives has been shown to decrease the risk of 

endometrial cancer (Henderson & Feigelson 2000; Purdie & Green 2001).  

Participants in this study were asked about seven forms of contraception, of which 

five were types of hormonal contraception.  These five hormonal contraceptive use 

fields were then collapsed to create a binary variable that compared women who 

had never used hormonal contraception with those who had at some point in their 

lives used hormonal contraception.  Here the use of hormonal contraception 

included any contraception where oestrogen and/or progestogens (synthetic or 

natural) are assimilated into the body.  This included the oral contraceptive pill, 

(progesterone only) minipill, Mirena® (progesterone intra-uterine device [IUD]), 

other implants (e.g. implanon) or injections.  Most of the women who used 

Mirena®, other implants or injections had also used oral contraceptive pills at 

some point.  As this variable was created by combining five variables, any women 

who responded ‘yes’ to any question received a ‘yes used’ to hormonal 

contraceptive use.  However, in order for women to actually be categorised as 

‘never used’, they had to answer all five questions with a ‘no’ (i.e. couldn’t leave 

any blank).  For women who provided an answer for at least one of the seven 

forms of contraception (five hormonal and two non-hormonal) it was assumed 

that blank response categories meant that they did not know what that 

contraception was, and thus they had not used it and were thus given a ‘never 

used’ for hormonal contraceptive use.  Although women may not have known or 

remembered the specifics of their contraceptive use, due to the degree of literacy 

required to complete the questionnaire and the fact that questions on generic 

contraceptive types were asked (rather than specific drug names) this assumption 

was deemed to be valid.  For women who left the entire question blank, it could not 

assumed these respondents were not hormonal contraceptive users, but rather 
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that for whatever reason they had skipped this question.  As such, their response 

was recorded as a missing value. 

 

Much research has investigated the impact of hormone replacement therapy (HRT) 

on endometrial cancer risk (Newcomb & Trentham-Dietz 2003; Pike & Ross 2000; 

Voigt et al. 1991; Weiderpass et al. 1991).  The questionnaire item referring to HRT 

use assessed which women had ever used HRT.  Although alternate influences have 

been suggested for oestrogen only versus combined oestrogen and progesterone 

therapies (Newcomb & Trentham-Dietz 2003; Voigt et al. 1991); unfortunately 

small numbers using oestrogen-only HRT (n = 36, 4.4%) prevented oestrogen-only 

and combined HRT use being analysed separately in this study.  

 

Excluded potential risk factors 

Other co-morbidities and lifestyle factors that may be considered as modifiers of 

the relationship between the childhood environment, reproductive behaviours and 

endometrial cancer risk were also assessed.  However, preliminary analyses 

indicated that many of these covariates had very low variability (Table 3.2).  

Consequently, they could not be included in the analyses undertaken for this 

thesis, as there were too few individuals in the sample with the disease or 

consuming the specific dietary item or medication in order to determine the 

impact of the covariate on endometrial cancer risk. 
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Table 3.2: Responses for the variables not included in further analyses due to low 

variability.  

Variable Yes No % Yes* 
Insulin resistance 12 630 1.5 
Hyperinsulinaemia 1 631 0.1 
Hyperinsulinism 1 631 0.1 
High blood sugar 85 597 10.5 
Diabetes type 1 5 633 0.6 
Diabetes type 2 89 606 11.0 
Gestational diabetes 14 628 1.7 
Anovulation 6 604 0.7 
Infertility 33 608 4.1 
Polycystic ovaries 28 604 3.5 
Polycystic ovarian syndrome 8 603 1.0 
Breast cancer 6 631 0.7 
Mother took diethlystilbestrol when pregnant 3 293 0.4 
Mother had polycystic ovarian syndrome 8 472 1.0 
Tamoxifen used 0 712 0.0 
Evista used 6 704 0.7 
Metformin used 39 691 4.8 
Danazol used 1 704 0.1 
Duphaston used 1 702 0.1 
Consumed red meat 754 21 97.4 
* Calculation of percentage yes includes missing values. 
 

Although high blood sugar and type-2 diabetes had slightly better variability 

(10.5% and 11.0% respectively), they were also highly correlated with adult BMI 

(p < 0.0001).  As a result, to avoid a correlated data structure in the final model, 

adult BMI only was included in the analyses (Tabachnick & Fidell 2007).   

 

Family history of cancer may provide some insight into the genetic component of 

endometrial cancer risk.  Participants were asked to indicate if any female first-

degree (mother, sister(s), or daughter(s)) or second-degree (grandmother or 

aunt(s)) relative had a history of endometrial, breast or bowel cancer.  The percent 

missing for these variables (54.1%, 41.1%, and 46.4%, respectively) were 

considered too high to perform missing values analyses (Roth 1994).  The option 

of re-coding a missing to a ‘no’ was considered, however, the rate of false-negatives 

has been shown to be low for self-reported family history of cancer for cancer 

patients (Ziogas & Anton-Culver 2003).  Therefore, the ‘no’ group was likely 

homogenous and would thus differ considerably from the non-responses.  

Consequently, it was decided to exclude family history of endometrial, breast and 
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bowel cancer from the analysis, and this has been acknowledged as a limitation of 

this study.  

 

Alcohol consumption may impact endometrial cancer risk, although the 

relationship is unclear (Hosono et al. 2008; Purdie & Green 2001).  The items in 

the questionnaire relating to alcohol consumption confused the frequency of 

alcohol consumption events with the amount of alcohol consumed at any time.  

Furthermore, it had a high proportion of missing values (n = 252, 31.1%), and 

responses may be biased by social taboos on heavy drinking; thus it was decided to 

accept this as a limitation of this study, and exclude it from the analyses. 

 

Participants’ country of birth was also assessed.  Over 65% of women were born in 

Australia, and nearly 75% went through puberty in Australia.  Only a quarter of 

women grew up in countries outside of Australia.  Of these, many were from 

western nations such as the United Kingdom (14.5%), New Zealand (2.4%), United 

States and Canada (0.4%), while less than 9% of women grew up in non-western 

countries that may have different cultural factors impacting reproductive 

behaviours, thus it was decided to exclude country of birth from further analyses. 

Hirsutism (evaluated using the Ferriman-Gallwey index; Ferriman & Gallway 

1961) and measures of menstrual irregularities were originally assessed to 

provide support for the self-reported polycystic ovarian syndrome (PCOS) 

diagnosis.  However, only eight women reported having been diagnosed with 

PCOS.  Furthermore, hirsutism itself did not differ for cases and controls (t(699) = 

0.26, p = 0.382).  Therefore, it was decided not to investigate these measures 

further. 
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Statistical methodology 

 

Preliminary analyses 

All analyses, unless otherwise stated, were performed in SPSS v18.  Preliminary 

simple descriptive analyses were initially used to characterise the study sample, 

these included: 

 Response fractions. 

 Differences between respondents and non-respondents. 

 Exclusions of participants. 

 Types of cancer diagnoses for the controls. 

 Differences in tumour grade, year of diagnosis and age at diagnosis between 

cases and controls. 

 Missing values analyses using maximum likelihood estimation.  

 Differences in reproductive measures between cases and controls. 

 Frequencies and distributions for psychosocial environmental, family 

composition, and lifestyle measures. 

 

Factor analyses of reproductive behaviours  

Exploratory factor analyses were run on the reproductive variables in order to a) 

reduce the number of measures that would need to be included in further analyses 

and b) to see if reproductive variables clustered together and represent aspects of 

reproductive strategies as expected by life history theory.  See Chapter 5 (Milne & 

Judge 2012) for full description of variables used and statistical methods 

employed. 

 

Model development 

The first stage of model development used correlation and regression to determine 

a path (or structural) model that relates early childhood experiences to risk of 

endometrial cancer through changes in women’s reproductive behaviours.  The 

sample was split into two (70:30) using the split file at random command in SPSS 

v18.  The two subsets had similar age distributions and proportions of cases, 
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uniparous women and pre-menopausal women.  The 70% sample was used to 

develop the model using correlation, regression and finally structural equation 

modelling.  The 30% sample was used to test the final models derived using the 

first subset.  This acted as a cross-validation of the models (Meehan & Stuart 

2007).   The split of 70:30 was employed to maximise the sample size used to 

develop the model, whilst having a large enough residual sample for model 

evaluation (n > 200; Hoe 2008; Hoelter 1983).  

 

Spearman’s rho correlations were employed to assess the relationships between 

early life variables, lifestyle factors, reproductive behaviour measures and 

endometrial cancer risk in the 70% data subset.  Spearman’s rho correlation was 

used because endometrial cancer status and some of the early life measures and 

lifestyle variables were dichotomous variables.  

 

After preliminary correlations were completed, variables with correlation 

significance of 10% or less (p ≤ 0.1) were entered into regression analyses.  

Backwards variable-selection was employed to determine which variables 

influenced the dependent variable after accounting for the other variables in the 

model.  Variables were excluded one at a time until all variables in the model had a 

significance of p<0.1.  The backwards variable-selection method has the advantage 

of only excluding variables that do not substantially reduce the goodness of fit, as 

well as being less computationally complex (Mantel 1970).  Parameter coefficients 

(unstandardised B values) represent the degree of change in the level of the 

dependent variable for every unit increase in the independent variable.  Therefore, 

if the dependent variable had units in years, the parameter coefficient represents 

the increase (or decrease, if negative) in years for every unit increase in the 

independent variable of interest.  In order to increase the intuitiveness of 

reporting these results, B values less than one may be reported in more meaningful 

units; for example, the result in terms of change in months rather than years, 

which was achieved by multiplying the parameter coefficient by 12 (number of 

months in one year). 

 

On the 70% data subset, linear regression was employed to investigate which 

earlier life variables influenced age at menarche, age at first birth, and the six 
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reproductive factors.  To provide a measure of the effect size for each independent 

variable remaining in the resultant model Cohen’s f2 was employed (Cohen 1988; 

Selya et al. 2012).  Cohen’s f2 is a standardised measure of effect size (Selya et al. 

2012), that was calculated by the equation provided below (Cohen 1988).  Where 

r2p is the squared partial correlation of the independent variable of interest.  A 

small effect size is f2 = 0.02, a medium effect size is f2 = 0.15, and a large effect size 

is f2 = 0.35 (Cohen 1988). 

 

Cohen’s f2 = r2p / (1 – r2p) 

 

As endometrial cancer status was dichotomous, logistic regression was employed 

to assess the relationships of early life experiences and reproductive history to 

endometrial cancer risk.  Odds ratios (OR) and associated 95% confidence 

intervals (95% CI) were reported to provide a measure of the size of the 

association and precision of the estimate for each independent variable retained in 

the model after backwards variable-selection was performed (Tabachnick & Fidell 

2007).  Odds ratios represent the change in odds of the outcome (in this case, of 

endometrial cancer) for every unit increase in the independent variable 

(Tabachnick & Fidell 2007).  If the odds ratio is below one there is a reduction in 

odds, equal to one minus the odds ratio; e.g. if the odds ratio is 0.9, there is a 10% 

reduction in odds (Tabachnick & Fidell 2007).  On the other hand, if the odds ratio 

is above one there is an increase in odds, equal to the odds ratio minus one; e.g. if 

the odds ratio is 1.1, there is a 10% increase in odds (Tabachnick & Fidell 2007).  If 

the independent variable is binary (e.g. have used hormonal contraception), then 

the interpretation is easy; for example, those who reported using hormonal 

contraception have a reduction (or an increase) in odds compared to those who 

have not used hormonal contraception.  If the independent variable is continuous 

(e.g. age at menarche), then there is a reduction (or an increase) in odds for every 

unit increase (in this example for each additional year) in the independent 

variable.  Factors are continuous variables, however they have no units and the 

best, unrefined (simple) method to calculate factor scores is by multiplying each 

factor loading by the observed value for each variable and adding this up across all 

variables the factor loads on (DiStefano, Zhu & Mindrila 2009).  Therefore, to 

determine what the odds for one unit change in a variable of interest is (usually 
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the one that a factor loads most highly on), one must assume two women are 

exactly the same for all variables, except by one unit of the variable of interest, 

calculate their factor scores using factor loadings (Provided in Table 5.2), see what 

the difference in factor score is between these two women and multiply this value 

by the odds ratio for the factor. 

 

Model modification 

The second stage of model development was performed in Mplus v6.11.  Mplus is a 

statistical program that can be used to investigate full structural models.  Mplus 

has the advantage over other similar programs (e.g. AMOS) in that it can cope with 

categorical variables.  However, Mplus is still limited in that categorical 

independent variables for regression can only have two levels, i.e. binary or 

dichotomous variables.  Therefore, as described previously all independent 

variables were created to either be continuous or binary. 

 

From the regression analyses, a model or path diagram was created.  This initial 

model was referred to as Model 1.  Model 1 was fitted on the 70% data subset in 

Mplus and modified using 1) modification indices and 2) removing non-significant 

parameter coefficients or paths.  One modification (addition or removal of a path) 

was made at each step, providing they were congruent with related theory 

(Meehan & Stuart 2007).  The modification with the largest modification index or 

p-value was chosen at each step.  Change in chi-square test of model fit, Akaike 

Information Criterion (AIC) and Bayesian Information Criterion (BIC) were used to 

determine if each sequential modification improved the fit of the model to the data.  

When a path was added, a significant change in chi-square test of model fit was 

required for the new path to be retained.  When removing a path, no significant 

change in chi-square indicated that the simpler model (one with the path 

removed) did not decrease the model fit and the reduced model was retained.  

When AIC and BIC decrease, the modification improves the model fit (Meehan & 

Stuart 2007), but if BIC increases and AIC decreases, no further changes are 

appropriate (Holmes-Smith 2011). 

 

Root mean square error of approximation (RMSEA), Comparative Fit Index (CFI) 

and the Tucker-Lewis Index (TLI; also known as nonnormed fit index NNFI) were 
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also monitored for model fit (Hoe 2008).  A RMSEA less than 0.05 and Pclose 

(significance test that RMSEA differs from zero) greater than 5% indicates a good 

model fit (Chen et al. 2008).  CFI and TLI indicate good model fit if greater than 

0.95, however, these may be small if the average correlation of the data is low 

(Kenny 2012).  Due to the large sample size (N=463) the Chi-square test of model 

fit significance was not assessed for model fit, because with sample sizes over 200 

this test is always significant (Hoe 2008).  Once it was determined that no more 

modifications should be made to improve model fit, the resulting final model was 

named Model 2. 

 

Model evaluation 

Model 1 and Model 2 were then fitted to the 30% data subset (n =205).  RMSEA, 

CFI and TLI were reviewed for model fit.  The model (1 or 2) with the better fit was 

selected.  This validation process enabled determination of the validity of these 

models on an independent data set, and investigation as to which model is the 

better model for future research into the effects of the childhood environment on 

endometrial cancer risk through adult reproductive behaviours and hormone 

exposure to expand on. 
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Ethical considerations 

 

The Western Australian Department of Health and the University of Western 

Australia Human Research Ethics Committees approved this research (Project 

Numbers ‘2009/41’ and ‘RA/4/1/4016’ respectively; See Appendix F-G for a copy 

of approval letters).  The School of Anatomy, Physiology and Human Biology 

(formerly the School of Anatomy and Human Biology), and the School of 

Population Health at the University of Western Australia provided funding for this 

research.  

 

All data files were stored on a password-protected desktop computer.  The 

network to which the computer belonged was also password-protected by 

multiple firewalls to restrict outside, unauthorised access.  A 5-digit project-

specific participant number individually identified questionnaires.  The list of all 

patient details and their allocated project-specific identification number were 

maintained by the WACR to allow the extraction and matching of WACR data to 

questionnaires for consenting participants.  No patient identifying information was 

provided to the researcher.  Completion and return of the questionnaire was taken 

as implied consent as specified in the information letter, thus allowing the 

questionnaire responses to remain anonymous and confidential.  Participants were 

also made aware, in writing prior to participation that at no time would their name 

be associated with the study’s outcomes.  In addition, participants were clearly 

informed that they could choose to skip any questions that they did not feel 

comfortable answering. 

 

Hard copy output from the statistical analyses was kept in a ‘restricted-access’ 

lockable cabinet.  Storage facilities were kept locked at all times when not in direct 

use.  Only the research personnel identified in the approved ethics application 

were permitted access to the data.  
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Chapter 4: Description of study sample to inform 

analytical approach 

 

 

 

This chapter is a continuation of the methodology chapter that provides a 

description of the study sample and pilot analyses that informed the application of 

the methodological approach outlined in the previous chapter.  

 

 

Response to questionnaire 

 

Contacts from participants received via phone, mail or email during the first nine 

weeks after initial mail-out were formally recorded.  The types of participant 

concerns are outlined in Appendix H.  The majority of women responded positively 

to the research and survey tool.  The response from participants increased during 

the first week after initial mail-out.  The number of returned questionnaires then 

began to decline, but peaked again after the reminder letters were sent out (Figure 

4.1).  The final questionnaire was received 10 months after initial contact.   

 

Figure 4.1: Number of questionnaires returned each week after initial mail-out.  

Note that reminder letters were sent during the third week post mail-out. 



Chapter 4 

 50 

Of the 2252 controls contacted for participation, 885 returned a completed 

questionnaire.  A slightly higher proportion of cases returned completed 

questionnaires (307 of 751; Table 4.1).  The number of returned, completed 

questionnaires did not significantly differ between cases and controls (2(1) = 

0.588, p = 0.443).  Given that some women did not receive questionnaires (e.g. had 

died (n = 72) or the questionnaire pack was returned to sender (n = 118)) or were 

not eligible to participate (e.g. had cervical cancer (n=1), wrongly diagnosed with 

cancer (n=1), wrongly coded as female (n=2), or did not speak English (n=2)) the 

response fraction for cases was 43.4% (307/708), for controls was 42.2% 

(885/2099), and overall was 42.5% (1192/2807).  Overall 50.2% of potential 

participants contacted the researchers in some way, either by returning 

questionnaires, by phone call or email, or through family in the event they had died 

(Table 4.1 shows the number and type of participant responses).  The older age of 

participants (Paganini-Hill et al. 1993), the length of the questionnaire (Eaker et al. 

1998), and the potentially sensitive nature of questions addressed in the 

questionnaire may have all contributed to a reduced response fraction.  However, 

the Australian National Endometrial Cancer study also had a similar response 

fractions; 67% of cases, 47% of controls and 54.4% overall (Rowlands et al. 2011).  

Therefore, the response fraction obtained in this study was considered reasonable. 

 

Table 4.1: Numbers of each type of participants’ response by case-control status. 

Type of response Cases Controls 
Returned & completed questionnaire 307 (40.9%) 885 (39.3%) 
Returned to sender 30 (4.0%) 88 (3.9%) 
Died 12 (1.6%) 60 (2.7%) 
Responded but did not participate a 23 (3.1%) 98 (4.4%) 
Responded but not eligible to participate b  1 (0.1%) 5 (0.2%) 
No response 378 (50.3%) 1116 (49.5%) 
Total 751 2252 

a Also includes women who were elderly or with severe illness, and decided against participating. 
b Includes individuals with cervical cancer, wrongly diagnosed with cancer, wrongly coded as 

female, or did not speak English. 

 

Respondents did not differ from non-respondents in terms of year of cancer 

diagnosis (2(1) = 1.887, p = 0.170) or residential postcode at cancer diagnosis 

(2(1) = 1.307, p = 0.253).  However, respondents were on average 1.7 years 

younger than non-respondents (2(1) = 14.961, p < 0.001).  Given the distribution 

of age at cancer diagnosis of women invited to participate (mean = 59.6 ± 11.56, 
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range: 25 – 85), it is not surprising that the older women were less likely to 

participate. 

 

 

Exclusions of participants 

 

Some women who returned completed questionnaire were excluded from the 

study.  Cases were excluded if they had more than one cancer diagnosis, and if that 

cancer diagnosis was not Type 1, malignant, invasive, primary site endometrial 

cancer (Table 4.2).  Type 2 endometrial cancer was determined using tissue 

morphology; women with clear cell, (papillary) serous, and high-grade 

endometrioid adenocarcinoma were excluded (Table 4.2).  Both cases and controls 

were excluded if they had more than 50% of their reproductive variables missing 

(Tables 4.2 and 4.3).  This resulted in a sample of 252 cases.  

 

Table 4.2: Number of cases excluded from the study. 

Reason  Number excluded 
Two cancer records in WACR 1 
WACR recorded isthmus uteri cancer (C54.0) 1 
Determined to have Type 2 endometrial cancer 40 
Had >50% of reproductive history variables missing  13 
 

Two controls reported a history of cervical cancer in their questionnaire.  Although 

there was no record of cervical cancer diagnosis in the WACR data, the year they 

stated for their cervical cancer diagnosis preceded the development of the WACR 

and consequently they were excluded from the study (Table 4.3).  Controls were 

also excluded if they had been diagnosed with a cancer that was not allowed by the 

selection criteria, or if their cancer had been benign (not malignant) or metastatic 

(Table 4.3).  This resulted in 870 controls with invasive cancer or carcinoma in 

situ.  The rationale for including women with carcinoma in situ was based on 

current literature which indicates that although carcinoma in situ is ‘pre-cancer’, it 

is treated the same as cancer and in many cases may advance to invasive cancer 

(Henson & Albores-Saavedra 2001).  Of the 870 controls, 283 women reported 

having a hysterectomy.  The large majority (92.6%) of controls had their 

hysterectomy before the mean age of endometrial cancer diagnosis of the cases 
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(60.6 years).  So all 283 controls that reported having had a hysterectomy were 

thus excluded from the study (Table 4.3) as they had no potential for getting 

endometrial cancer (Woodward 2005).  This resulted in 558 non-hysterectomised 

controls. 

 

Table 4.3: Number of controls excluded from the study. 

Reason Number excluded 
Reported having cervical cancer in questionnaire 2 
WACR record of peritoneum cancer (C48.1) 1 
Benign cancer behaviour 3 
Metastatic cancer behaviour 9 
Reported having had a hysterectomy in questionnaire 283 
Had >50% of reproductive history variables missing  29 

 

 

Variation in cancer diagnoses 

 

For the 558 controls, there were a wide variety of first cancer diagnoses.  The 

largest group of controls (n=187, 33.5%) had skin cancers, including melanoma, 

basal cell carcinoma, squamous cell carcinoma and other non-melanoma skin 

cancers.  The second largest group was women whose first cancer was colorectal 

cancer (CRC; 167 women, 29.9%), followed by women diagnosed with any form of 

lymphoma (Y; 62 women, 11.1%).  The next 12.2% of controls was made up of 

women with lung, bronchus, trachea (C33), or kidney cancer (C64) or any form of 

leukaemia (L).  The remaining 21 cancer types made up the final 13.3% of controls 

(Figure 4.2).  Woodward (2005) suggests the use of controls with a range of 

conditions to reduce the possibility that diseases unknown to be associated with 

risk factors for the case disease impact the probability of differences between 

cases and controls.  Therefore, further investigations regarded controls as one 

group; women with a cancer record not being of endometrial cancer (Rothman, 

Greenland & Lash 2008).  In addition, there were a small number of controls with 

multiple cancer diagnoses (46 women; 8.2%), which based on Woodward’s (2005) 

suggestion were also retained in further analyses.  For descriptions of the cancer 

types listed in Figure 4.2, see Appendix I. 
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Figure 4.2: Proportion of controls with each cancer type.  Note that the full 

descriptions of cancer types listed in the key and their associated frequency can be 

found in Appendix I. 

 

With respect to tumour grade, the majority (n=171, 67.9%) of the 252 cases had 

low or intermediate grade cancers (Table 4.4).  Conversely, controls had a large 

proportion that were not stated (Table 4.4) and a greater proportion of high-grade 

tumours than cases.  This result was expected as women with high-grade 

endometrioid adenocarcinoma (Type 2 endometrial cancer) had been excluded. 

 

Table 4.4: Number and percentage of Type 1 endometrial cancer cases and 

controls with varying tumour grades. 

Grade Cases Controls 
# % # % 

Low / Well differentiated 171 67.9 42 7.5 
Intermediate / Moderately differentiated 53 21.0 115 20.6 
High / Poorly differentiated 8 3.2 43 7.7 
Anaplastic / Undifferentiated 2 0.8 1 0.2 
Not determined / Not stated / Not applicable 18 7.1 357 64.0 
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As expected, cases and controls did not significantly differ by year of cancer 

diagnosis (Figure 4.3).  A slightly greater proportion of individuals were diagnosed 

after 2005, which was also to be expected (Figure 4.3).   The mean age ( SD) at 

diagnosis was 60.4  10.6 for cases and 60.1  11.3 for controls, which was not 

significantly different. 

 

 

Figure 4.3: Percent of cases and controls diagnosed with cancer in each year from 

2000 to 2009. 
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Reproductive parameters and variation between cases and 

controls 

 

The mean age ( SD) at the time of sampling was 65.0  10.7 for cases and 64.6  

11.3 for controls, which was not significantly different (t(808) = -0.489,  p = 0.625).  

The women ranged from 33.9 to 95.0 years old, and 90% of the sample was older 

than 50 years.  The majority of women were post-reproductive; 91.9% (744/810) 

of the women reported being post-menopausal.  Menopause was defined as 

reported age at menopause.  For six women this was their age at double 

oophorectomy.  Fifty-two cases reported having hysterectomies before the age of 

natural menopause, and were assigned this age as their age at menopause.  Seven 

women reported menopause resulting from chemotherapy. 

 

Fewer than 11.5% of participants had missing values on any of the reproductive 

parameters (Table 4.5).  Missing values analyses using maximum likelihood 

estimation in SPSS was used to calculate missing values (Tabachnick & Fidell 

2007) for the reproductive variables of interest.  

 

Table 4.5: Number and percent of missing values for each reproductive variable. 

 

 

Reproductive variable Number (Percent) 

Age at menarche 49 (6.0%) 

Age at first sexual intercourse 57 (7.0%) 

Number of sexual partners 52 (6.4%) 

Number of committed relationships 46 (5.7%) 

Total duration in committed relationships 93 (11.5%) 

Age at first pregnancy 12 (1.5%) 

Number of pregnancies 8 (1.0%) 

Age at first birth 70 (8.6%) 

Age at last birth 75 (9.3%) 

Number of children 5 (0.6%) 

Average inter-birth interval 65 (8.0%) 

Ever breastfed 19 (2.3%) 

Total duration spent breastfeeding 55 (6.8%) 

Age at menopause 70 (8.6%) 
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Not all women had experienced all reproductive events; fifteen women reported 

having no sexual partners, 48 women reported having no pregnancies, and 29 

women reported having had no live births (Figure 4.4). 

 

 

Figure 4.4: Flow diagram showing number of women having experienced each 

reproductive event.  Arrow thickness visually represents the relative proportion in 

each group. 

 

The means ( SD) for each of the reproductive parameters (with estimated 

replacement missing values) for cases and controls can be found in Table 4.6; note 

that the sample sizes differ because only women who experienced each 

reproductive event could be included in the calculation. 

 



Chapter 4 

 57 

Table 4.6: Descriptive statistics for reproductive parameters of both cases and 

controls. 

Reproductive variable  Cases Controls 
Age at menarche* Mean  SD 12.7  1.32 13.0  1.35 
 Sample size 252 558 

Age at first sexual intercourse Mean  SD 19.9  3.75 20.0  3.83 
Sample size 242 553 

Number of sexual partners* Percent ‘0’ 4.0% 0.9% 
 Percent ‘1-2’ 63.5% 57.9% 
 Percent ‘3-4’ 17.9% 19.4% 
 Percent ‘5-9’ 9.9% 13.1% 
 Percent ‘10+’ 4.8% 8.8% 
 Sample size 252 558 

Number of committed 
relationships* 

Mean  SD 1.5  1.19 1.8  1.52 
Sample size 252 558 

Total duration in committed 
relationships (years) 

Mean  SD 35.5  14.5 36.7  12.12 
Sample size 252 558 

Age at first pregnancy* Mean  SD 23.2  4.93 23.9  4.98 
 Sample size 217 530 

Number of pregnancies* Mean  SD 2.8  1.93 3.1  1.64 
 Sample size 252 558 

Age at first birth Mean  SD 24.4  4.72 25.4  4.94 
 Sample size 212 506 

Age at last birth Mean  SD 29.5  4.73 30.9  5.11 
 Sample size 212 506 

Number of children Mean  SD 2.3  1.56 2.5  1.32 
 Sample size 252 558 

Ever breastfed* Percent ‘Yes’ 71.4% 78.5% 
 Sample size 252 558 

Total duration spent 
breastfeeding* 

Mean  SD 13.9  11.67 17.8  16.43 
Sample size 180 438 

Average inter-birth interval 
(years) *^ 

Mean  SD 2.9  1.82 3.2  1.92 
Sample size 187 457 

Age at menopause Mean  SD 49.5  5.13 49.3  4.41 
 Sample size 250 494 

* Cases and controls significantly differed.  See text below for details. 
^Average inter-birth interval was only calculated for women with at least two children. 
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As age at menarche was a continuous variable that all women had experienced, 

independent samples t-test was performed to investigate whether cases and 

controls differed in age at menarche.  Cases were younger by 0.3 years at 

menarche than controls (t(808) = 2.523, p = 0.012). 

 

Number of sexual partners was coded as a categorical variable with 5 levels.  A chi-

square test of independence determined that case-control status was associated 

with number of sexual partners (2(4) = 15.128, p = 0.004).  Additionally, there was 

a significant linear association (2(1) = 9.497, p = 0.002).  The standardised 

residuals showed that more controls than expected had higher numbers of sexual 

partners and cases had fewer than expected. 

 

Age at first sexual intercourse, first pregnancy, first birth, last birth and menopause 

were time-to-event variables and not all women had experienced the event.  Cox 

proportional hazards survival analyses were used to investigate whether cases and 

controls differed in ages at first sexual intercourse, pregnancy, first birth, last birth 

and menopause.  Cases had on average a younger age at first pregnancy than 

controls (B = -0.158, SE = 0.0810, 2(1) = 3.830, p = 0.050, HR = 0.853, 95% CIHR = 

0.728 – 1.000).  However, cases and controls did not differ in age at first sexual 

intercourse (2(1) = 1.518, p = 0.218), age at first birth (2(1) = 1.044, p = 0.307), age 

at last birth (2(1) = 0.048, p = 0. 827) or age at menopause (2(1) = 0.201, p = 

0.654). 

 

Number of committed relationships, pregnancies and children followed a Poisson 

distribution (count variables); therefore Generalized Linear Models with log link 

functions were used to investigate whether cases and controls differed in the 

number of relationships, pregnancies and children they had.  Cases had 

significantly fewer committed relationships (B = -0.200, SE = 0.0604, 2(1) = 

10.991, p = 0.001), and fewer pregnancies than controls (B = -0.107, SE = 0.0447, 

2(1) = 5.760, p = 0.016).  However, cases and controls did not differ in the number 

of children they had (2(1) = 1.603, p = 0.206). 

 

The total time women had spent in committed relationships during their life was a 

continuous variable, therefore an independent samples t-test was used to 
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determine if cases and controls differed.  There was no significant difference 

between cases and controls in the total number of years spent in committed 

relationships (t(415.644) = 1.119, p = 0.264). 

 

For women with two or more children, the average inter-birth interval (in years) 

between their children was a continuous variable.  An independent samples t-test 

was used to investigate whether cases and controls differed in the average inter-

birth interval between their children.  Cases had shorter average inter-birth 

intervals than controls by 0.3 years (t(642) = 1.969, p = 0.049).  Of the 644 women 

with two or more children, 12 (1.86%) had average inter-birth intervals greater 

than 10 years, when these outliers were excluded the association became more 

significant (t(630) = 2.241, p = 0.025).  

 

As ever breastfed was a binary variable, logistic regression was used to investigate 

whether cases and controls differed in their likeliness to have breastfed, 

remembering that they did not significantly differ in numbers of children.  Cases 

were significantly less likely to have breastfed their children (B = -0.378, SE = 

0.173, 2(1) = 4.764, p = 0.029, OR = 0.685, 95% CIOR = 0.488 – 0.962).  The total 

duration spent breastfeeding followed a Poisson distribution, to investigate the 

difference between cases and controls a Generalized Linear Model with a log link 

function was employed.  Additionally as cases and controls significantly differed on 

likeliness to breastfeed, only those women who had breastfed were included (180 

cases, 438 controls).  Of women who had breastfed, controls breastfed for 

significantly longer than cases (B = -0.246, SE = 0.0230, 2(1) = 114.935, p < 0.001). 

 

Parity and nulliparity 

Pregnancy and breastfeeding are thought to decrease the risk of endometrial 

cancer (Henderson & Feigelson 2000; Rosenblatt & Thomas 1995), and nulliparous 

women have not experienced these events.  Therefore, it is important to determine 

if and how parous (had at least one birth) and nulliparous (no births) women 

differ in terms of endometrial cancer risk.  Using logistic regression, endometrial 

cancer status was regressed on the binary variable parous, which compares women 

with and without children.  Parous women had 46.5% lower odds of having 
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endometrial cancer than nulliparous women (B = -0.625, SE = 0.232, 2(1) = 7.233, 

p = 0.007, OR = 0.535, 95% CIOR = 0.340 – 0.844). 

 

Spearman’s rho correlations were then employed to investigate whether a 

relationship existed between parous and potential covariates, including smoke in 

home, low-FSES, high-FSES, post-secondary education, hormonal contraceptive use, 

smoking status at diagnosis, HRT use and adult BMI.  Women from below average 

wealth families were more likely to be parous (Spearman’s rho = 0.095, p = 0.009), 

while women from wealthier families were more likely to be nulliparous 

(Spearman’s rho = -0.093, p = 0.010).  Women with post-secondary education were 

more likely to be nulliparous (Spearman’s rho = -0.134, p <0.001).  There was no 

significant correlation between parous and smoke in home, hormonal contraceptive 

use, smoking status at diagnosis, HRT use and adult BMI. 

 

The nulliparous women were not a homogenous group.  They included women 

who had never had sexual intercourse, women who had never been pregnant, and 

women who had been pregnant but never had a live birth (Table 4.7).  The use of 

one-way ANOVA determined that women who never had sex were significantly 

older than women who had never been pregnant (Mean difference = 11.5, p = 

0.004) or never had a live birth (Mean difference = 10.1, p = 0.034; Table 4.7). 

 

Table 4.7: Age distribution for parous women, and the three types of nulliparous 

women. 

 N Mean Age SE 
Parous 668 64.6 0.42 
Never had sex 13 71.5 3.15 
Never been pregnant 46 60.0 1.52 
Never had a live birth 28 61.4 2.15 

 

Logistic regression was used to determine if these different types of nulliparous 

women differ from parous women in terms of endometrial cancer risk.  Women 

who never had a live birth did not differ from parous women in their risk of 

endometrial cancer (2(1) = 1.671, p = 0.196).  Whereas, women who had never had 

sex (B = 1.690, SE = 0.607, 2(1) = 7.752, p = 0.005, OR = 5.418, 95% CIOR = 1.649 – 

17.802), or had never been pregnant (B = 0.966, SE = 0.307, 2(1) = 9.889, p = 0.002, 
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OR = 2.627, 95% CIOR = 1.439 – 4.796) were more likely to have endometrial 

cancer.  Although it was not possible to examine these differences further as the 

sample sizes for the nulliparous women were too small to be used in more 

complex analyses.  Future studies into these differences may improve our 

understanding of the effect of each pregnancy on endometrial cancer risk. 

 

For this study nulliparous women had to be excluded from further analyses, as 

they had not experienced reproductive events (e.g. sexual intercourse, pregnancy 

and/or child birth), and thus did not have values for these reproductive variables.  

 

 

Distribution of early childhood measures 

 

From the full data set (n = 810), women were excluded if more than 50% of their 

psychosocial environmental variables missing (n = 24) or more than 50% of their 

family composition variables missing (n = 31).  This resulted in a sample of 755 

women; 521 control women and 234 women with Type 1 endometrial cancer.  As 

was performed for reproductive measures, missing values analyses using 

maximum likelihood estimation was employed to calculate missing values 

(Tabachnick & Fidell 2007) for the childhood psychosocial environmental and 

family composition measures.  The percent missing for each childhood 

psychosocial environmental measures is shown in Table 4.8.  
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Table 4.8: Percent of respondents with missing values for each childhood 

psychosocial environmental measures. 

Psychosocial measure Percent 

ACE score  4.0%* 

Death of a family member  2.1%* 

Mother absent 0.8% 

Father absent 1.85% 

Overall quality of family life 8.1% 

Parental marital happiness  11.0%* 

Relation with mother  8.7%* 

Relation with father  11.7%* 

For the composite measures, the missing values analysis was used to estimate the raw variables 
that were used to create them.  These cases are marked with a * and the largest percent missing for 
any variable used to create the measure is provided. 

 

Three percent of women had missing data for functional rearing order and 1.3% 

and 2.4% of women had missing information about their elder and younger 

siblings, respectively. These missing values were imputed using missing values 

analysis.  

 

Psychosocial childhood measures 

The sample prevalence of each of the eight adverse childhood events assessed is 

provided in Table 4.9. 

 

Table 4.9: The eight adverse childhood events included in the ACE score, and the 

childhood prevalence in the sample population (n = 755). 

Adverse Childhood Events Study Prevalence (%) 

Psychological abuse 47.3 

Physical abuse 40.1 

Sexual abuse by a household member 4.6 

Sexual abuse by a non-household member 14.0 

Mother treated violently 12.2 

Household member a substance abuser 13.2 

Household member mentally ill 14.6 

Household member incarcerated 1.5 
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The ACE score ranged from 0 to 8, had a mean of 1.5 and a standard deviation of 

1.55 (Figure 4.5).  

 

 

Figure 4.5: Frequency distribution of ACE scores. 

 

Sixteen percent of women (n = 121) had a household member die during the first 

seven years of their life.  Ninety-two women (12.2%) reported being away from 

their mother and 18.1% (n = 137) reported being away from their father for ‘what 

seemed like a long time’.  The mean and standard deviation of each continuous 

psychosocial measure are provided in Table 4.10. 

 

Table 4.10: Sample descriptive for continuous psychosocial environmental 

measures. 

Psychosocial environmental measure Statistics 
Overall quality of family life Mean  SD 5.8 ± 1.68 

Range 1 - 7 

Parental marital happiness Mean  SD 11.6  3.19 
Range 2- 14 

Relation with father Mean  SD 18.3  4.08 
Range 3 - 21 

Relation with mother Mean  SD 18.5 ± 3.94 
Range 3 - 21 
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Family composition measures 

Of the 755 women, 380 (50.3%) were firstborns and 236 (31.3%) were 

middleborns.  The mean, standard deviation and range for numbers of elder 

brothers, elder sisters, younger brothers and younger sisters are provided in Table 

4.11.  

 

Table 4.11: Sample descriptive for family composition measures. 

Family composition measure Statistics 
Number of elder brothers Mean  SD 0.67  1.00 

Range 0 – 6 

Number of elder sisters Mean  SD 0.62  0.95 
Range 0 – 8 

Number of younger brothers Mean  SD 0.79  0.99 
Range 0 – 6 

Number of younger sisters Mean  SD 0.74  0.98 
Range 0 – 5 

 

 

Distribution of lifestyle factors 

 

Missing values analysis was employed to calculate missing values for the lifestyle 

variables.  The percent missing for each measure is provided in Table 4.12. 

 

Table 4.12: Percent of respondents with missing values for each early and adult 

lifestyle measure (n = 755). 

Lifestyle measure Percent 

Low-FSES 2.0% 

High-FSES 2.0% 

Smoke in home  8.5% 

Post-secondary education 4.9% 

Smoking status at diagnosis 3.4% 

Hormonal contraceptive use 6.1% 

HRT use 4.5% 

Adult BMI*  9.4 & 13.2% 

Age 0.0% 

* Adult BMI was calculated from height and weight, so percentages provided are for them 
respectively. 
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The mean, standard deviation and range for each continuous lifestyle variable are 

provided in Table 4.13, and the frequency for each categorical lifestyle variable is 

provided in Table 4.14.   

 

Table 4.13: Sample descriptive for continuous lifestyle variables. 

Continuous lifestyle measure Statistics 
Adult BMI Mean  SD 24.6  5.48 

Range 11.5 – 64.6 

Age Mean  SD 64.3  10.87 
Range 33.9 – 95.0 

 

Table 4.14: Distribution of individuals across each level of the categorical early and 

adult lifestyle measures.   

Categorical lifestyle measure Level Name Frequency 

Low-FSES Of average wealth or above 607 
Poorer than most 148 

High-FSES Of average wealth or below 656 
 Wealthier than most 99 

Smoke in home No 544 
Yes 211 

Post-secondary 
education 

No; High school or below 425 
Yes; TAFE, Trade, University or College 330 

Smoking status 
at diagnosis 

No; former or never 691 
Yes; current 64 

Hormonal 
contraceptive use 

Never used 185 
Ever used 570 

HRT use Never used 432 
Ever used  323 
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Chapter 5: A novel quantitative approach to women’s 

reproductive strategies 

 

 

 

This chapter has been published as Milne FH & Judge DS (2012) A novel approach to 

women’s reproductive strategies. PLoS ONE 7(10): e46760 doi: 10.1371/journal. 

pone.0046760. 
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Abstract 

 

The patterned way in which individuals allocate finite resources to various 

components of reproduction (e.g. mating effort, reproductive timing and parental 

investment) is described as a reproductive strategy.  As energy is limited, trade-

offs between and within aspects of reproductive strategies are expected.  The first 

aim of this study was to derive aspects of reproductive strategies using complete 

reproductive histories from 718 parous Western Australian women.  Factor 

analysis using a subset of these participants resulted in six factors that represented 

‘short-term mating strategy’, ‘early onset of sexual activity’, ‘reproductive output’, 

‘timing of childbearing’, ‘breastfeeding’, and ‘child spacing’.  This factor structure 

was internally validated by replication using a second independent subset of the 

data.  The second aim of this study examined trade-offs between aspects of 

reproductive strategies derived from aim one.  Factor scores calculated for each 

woman were incorporated in generalised linear models and interaction terms 

were employed to examine the effect of mating behaviour on the relationships 

between reproductive timing, parental investment and overall reproductive 

success.  Early sexual activity correlates with early reproductive onset for women 

displaying more long-term mating strategies.  Women with more short-term 

mating strategies exhibit a trade-off between child quantity and child quality not 

observed in women with a long-term mating strategy.  However, women with a 

short-term mating strategy who delay reproductive timing exhibit levels of 

parental investment (measured as breastfeeding duration per child) similar to that 

of women with long-term mating strategies. Reproductive delay has fitness costs 

(fewer births) for women displaying more short-term mating strategies.  We 

provide empirical evidence that reproductive histories of contemporary women 

reflect aspects of reproductive strategies, and associations between these strategic 

elements, as predicted from life history theory. 
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Introduction 

 

Individuals may exhibit particular strategies to optimize their reproductive output 

for maximum fitness.  Resources (time and energy) are limited and when allocated 

to one life purpose become unavailable for others (Hill & Hurtado 1996).  Trade-

offs are therefore inevitable, and occur within and between elements of 

reproductive strategies (Borgerhoff Mulder 1992).  Note that the use of the term 

strategy does not imply a conscious plan, or awareness (Belsky, Steinberg & 

Draper 1991; Buss 1994).  Aspects of reproductive strategies include mating effort, 

timing of reproduction and parental effort (Belsky 1997).  Real life measures of 

these aspects of reproductive strategies and their outcomes include variables such 

as age at menarche (Bogaert 2008), number of sexual partners (desired (Michalski 

& Shackelford 2002) or actual (Essock-Vitale & McGuire 1988)), age at first birth 

(Chisholm et al. 2005; Low et al. 2008) and number of children born (Essock-Vitale 

& McGuire 1988).  Various authors have used these, and other similar variables, to 

indicate ‘strategies’ and fitness outcomes.  However, to our knowledge, the 

empirical organisation of reproductive variables into larger strategies has not been 

demonstrated for humans. 

 

The first aim of this study is therefore to investigate whether reproductive 

variables are associated in ways that reflect aspects of reproductive strategies for 

contemporary human females.  We hypothesise that reproductive variables will 

organise into factors that reflect variation in patterns of mating behaviours, 

reproductive timing, parental investment strategies and reproductive success as 

predicated by life history theory.   

 

To test aim one we employ factor analysis to deduce aspects of reproductive 

strategies from the reproductive histories of a sample population of contemporary 

Western Australian, mostly post-menopausal, women.  One advantage of this study 

is that the majority of participants are post-menopausal; this enables us to 

investigate complete reproductive histories.  Factor analysis is a quantitative and 

unbiased approach that derives empirical latent factors from many correlated 

variables (Child 2006).  Factor analysis is therefore used when there are multiple 
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interrelated items that theoretically represent an underlying trait or traits (Child 

2006).  Factor analysis acts as a method for data or variable reduction analyses by 

concatenating variables into a smaller number of factors.  Thereby making further 

analyses less complex (DiStefano, Zhu & Mindrila 2009).  Researchers in 

psychology often employ factor analysis to determine how a suite of personality 

and/or cognitive characteristics fit together to represent underlying (latent) traits 

(Castejon, Perez & Gilar 2010; Chan 2006; Figueredo et al. 2007; Figueredo et al. 

2005; Jones, van Schaik & Witts 2006; Plaisant et al. 2010).  Despite its common 

use in psychology, factor analysis has not been used to empirically derive aspects 

of human reproductive strategies.  We believe this methodology will prove to be a 

useful tool in the field of human behavioural ecology.  Firstly, the use of factor 

analysis will facilitate investigations of the impact of the physical and social 

environment on reproductive behaviours by decreasing the number of outcome 

variables requiring separate modelling, thus simplifying further analyses.  

Secondly, variable reduction facilitates the characterisation of complex life traits 

and thus is useful in examining life history impacts on adult disease (See Chapter 

2; Milne et al. 2011) and more readily allows for interdisciplinary research with 

disciplines such as epidemiology and medical anthropology.  Another advantage of 

the factor analysis approach is that it does not presume what associations exist 

between the variables, but rather empirically derives a structure based on the data 

itself. 

 

Two previous studies have investigated the clustering of life-history traits using 

similar approaches across species of mammals (Bielby et al. 2007; Stearns 1983).  

Stearns  (1983) used principal components analysis on nine life history traits 

across two data sets consisting of 65 and 162 mammalian species.  After 

controlling for size and phylogenetic effects, the first principal component 

displayed a continuum from fast to slow life history strategy; at one end of the 

factor were small, early maturing, short lived, short gestation, large litter species 

and at the other were larger species with delayed maturation, long lifespans, long 

gestation periods and fewer offspring (Stearns 1983).  Bielby et al. (2007) 

performed a similar study using factor analysis with seven variables for 267 

mammalian species.  In Bielby et al.’s study, after controlling for body size, two 

factors were extracted.  The first represented timing of reproductive bouts and 
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was similar to the fast-slow continuum extracted by Stearns (Bielby et al. 2007).  

The second factor represented reproductive output per bout with large litters of 

small neonates after short gestation at one end and small litters of large neonates 

after long gestation at the other (Bielby et al. 2007).  These studies indicate that 

factor analyses can reveal combinations of life-history traits that make theoretical 

sense, and across species there is a trade-off between maturing and reproducing 

rapidly versus delaying maturation and reproduction in favour of higher parental 

investment in fewer children. 

 

Another life history trade-off that has been the subject of much investigation is that 

of maximising short-term fitness benefits by increasing numbers of children (child 

quantity) versus maximising long-term fitness benefits by decreasing the 

intergenerational variance in number of offspring (i.e. to have fewer, higher quality 

offspring with higher competitive abilities) (Chisholm 1993; Hill & Kaplan 1999).  

In a study of American men and women, individuals coming from larger family 

sizes had decreased educational attainment (Blake 1981).  Educational attainment 

is one measure of child quality (Hill & Kaplan 1999); therefore Blake (1981) 

provides evidence that a trade-off between quantity (family size) and quality 

(educational attainment) exists for contemporary humans.  Rather than 

investigating child quality per se, studies have used measures of parental 

investment, as a proxy for child quality (Blurton Jones 1986). Breastfeeding is a 

common measure of parental investment (Datar, Kilburn & Loughram 2010; Koziel 

& Ulijaszek 2001; Nettle 2010).  Breastfeeding is associated with child quality 

outcomes; in the first few months of life, infants exclusively breastfed are at a 

lower risk of death than infants not breastfed (Arifeen et al. 2001; Lamberti et al. 

2011).  Another measure of parental investment is child spacing (Mace & Sear 

1997).  A study of !Kung found that women with longer birth intervals (up to about 

72 months) between their children had greater child survival (Blurton Jones 

1986); increasing investment per child increases child survival.  Therefore, 

parental investment measures are useful proxies for child quality. 

 

Parental investment strategies are related to mating strategies in males (Trivers 

1972).  Studies of birds (Muldal, Moffatt & Robertson 1986), non-human primates 

(Smuts & Gubernick 1992) and humans (Heath & Hadley 1998; Marlowe 2000) 
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find that males increase their reproductive success either through investing in 

higher numbers of mates or through maintaining a monogamous pair-bond with 

high parental effort.  The strategy is dependent on environmental conditions, 

including resource availability (Draper 1989; Marlowe 2000).  In a polygynous 19th 

century human population, poor males (lower quality) with more wives had lower 

offspring survival (Heath & Hadley 1998).  Indicating that under poor conditions, 

males that shift to maintaining fewer pair-bonds with higher parental investment 

increase reproductive success (Heath & Hadley 1998).  Although most of the work 

investigating the variation in mating effort has focussed on males, we predict that 

similar variation in mating behaviour will be evident for human females.  

 

The second aim of this study is to investigate relationships between the 

reproductive factors extracted from part one.  We hypothesise that they will reflect 

trade-offs predicted by life history theory.  We expect human females to exhibit 

evidence of two major life history trade-offs.  Firstly, based on the work of Stearns 

(1983) and Bielby et al. (2007) we predict that early maturing, early reproducing 

individuals will be differentiated from individuals with delayed maturation and 

reproductive timing.  Secondly, we predict evidence of a trade-off between 

quantity (reproductive output) and quality of offspring.  We use breastfeeding per 

child (parental investment measure) as a proxy for child quality.   Thirdly, given 

empirical validation of variation in female mating effort (as is predicted), we 

investigate the effect of this variation in mating behaviour on current versus future 

reproduction, quantity versus quality of offspring, and overall reproductive 

success.  We investigate these relationships using post-reproductive women from 

a contemporary Western population. 
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Methods 

 

Women were recruited, via the Western Australian Cancer Registry, to participate 

in a larger project concerning the influence of the childhood environment and 

adult reproductive behaviours on the risk of developing endometrial cancer.  The 

selection criteria for participants included women who were diagnosed with 

cancer from 2000 to 2009 (inclusive).  Three thousand and three women were 

invited to complete a questionnaire, which asked about their early childhood 

environment, reproductive histories and adult lifestyle.  One thousand, one 

hundred and ninety two women returned completed questionnaires.  After 

accounting for women who did not receive questionnaires (e.g. died before 

receiving questionnaire or the questionnaire pack was returned to sender) or who 

were not eligible to participate (e.g. had cervical cancer, wrongly diagnosed with 

cancer, wrongly coded as female, or did not speak English) the overall response 

rate overall was 42.5% (1192/2807).  Given the average age of the sample (older 

people exhibit lower response rates; Kaldenberg, Koenig & Becker 1994; Paganini-

Hill et al. 1993), the length of the questionnaire (longer questionnaires have lower 

response rates; Eaker et al. 1998), and the potentially sensitive questions 

addressed in the questionnaire itself, this is a reasonable response rate.  The 

Australian National Endometrial Cancer study had a similar response rate of 

54.4% (Rowlands et al. 2011).  Respondents did not differ from non-respondents 

in terms of year of cancer diagnosis (2(1) = 1.887, p = 0.170) or postcode at cancer 

diagnosis (2(1) = 1.307, p = 0.253).  As expected, respondents were significantly 

younger than non-respondents (2(1) = 14.961, p < 0.001).  Finally, given that non-

respondents do not represent a homogenous group (Etter & Perneger 1997) it is 

unlikely that non-respondents would significantly differ from respondents in any 

reproductive behaviour questions. 

 

Women were excluded if more than 50% of their reproductive history data were 

missing (n = 42), if they were nulliparous (n = 92), if they reported having had a 

pre-menopausal hysterectomy (n = 283) or if they had cancer types not specified 

by the selection criteria (n = 57).  Although it would be interesting to include 

nulliparous women, due to the small numbers (n = 92), and the heterogeneous 
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nature of this group (including 15 women who never had sexual intercourse, 48 

women who had sex but never got pregnant and 29 who became pregnant but 

never gave birth), we decided to exclude them from these analyses.  This resulted 

in a final sample of 718 parous women.  Seventy percent of women had no missing 

reproductive data, and only 1% of women had missing information for 31-50% of 

their reproductive variables.  Missing values analysis, using maximum likelihood 

estimation, in SPSS v18 was used to calculate missing values for the reproductive 

variables.  To check the impact of missing values analysis the same analyses were 

run excluding women with any imputation of data and the results did not differ 

(See supplementary material: Table S1 in online article). 

 

There were initially 13 reproductive variables of interest (Table 5.1).  Women 

were asked to provide their age at first menstrual period (menarche) and age at 

first consensual sexual intercourse with a male partner.  Number of sexual 

partners was collected as a categorical variable to maximise response rate for this 

potentially sensitive question.  The categories for number of sexual partners were 

1-2 (reference category), 3-4, 5-9, and 10+ (Table 5.1).  Numbers of (committed 

sexual) relationships, pregnancies and children were collected as open-ended 

continuous variables.  Due to the small proportion of women with extreme values, 

upper values were truncated into one category (Table 5.1).  A committed sexual 

relationship was defined as one that lasted more than 6 months, or where the 

couple had cohabited, or been engaged or married.  Women were asked to provide 

the total number of years in which they were involved in committed sexual 

relationships.  By dividing this value by the number of committed sexual 

relationships, each woman’s average duration of committed relationships (in 

years) was calculated.  Ages at first and last birth were calculated from the 

difference between the woman’s age at participation and the month and year of 

birth of her first and last child, respectively.  Ever breastfed was a dichotomous 

variable; 86.1% of women had breastfed at least one child (Table 5.1).  Never 

breastfed was the reference category.  Total duration of breastfeeding was 

calculated by summing the number of months a woman reported having breastfed 

each child.  Results did not differ if average duration of breastfeeding per child was 

employed instead (See supplementary material: Table S2 in online article).  

Menopause was defined as reported age at the earliest of natural menopause, 
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double oophorectomy, or hysterectomy.  Results did not differ if only women with 

natural menopause were included (See supplementary material: Table S3 in online 

article).  Average inter-birth interval (IBI) was calculated by taking the age 

difference between the first and last child and dividing it by the number of children 

less one.  Inter-birth interval is a proxy for investment in each child (Borgerhoff 

Mulder 1992); IBI is the period during which a child has no younger competitors 

and constant investment, thus ‘only’ or sole children have a very long period of 

uninterrupted investment.  Ten percent (n=74) of women were uniparous and we 

assigned them an average IBI of five.  Fourteen women (19% of the uniparous 

women) were under 50 years of age, and could potentially have future children.  

The assigned value of five years is greater than the average IBI (91st percentile) 

without being an extreme value (maximum = 19.5 years).  In addition, the same 

analyses were performed setting IBI for uniparous women to the difference 

between their current age and age at birth for pre-menopausal women, or the 

difference between their age at menopause and age at birth for post-menopausal 

women with no significant variation in results (See supplementary material: Table 

S4 in online article).  The results also did not differ if only women with two or 

more children were included (See supplementary material: Table S5 in online 

article).  Therefore, five is a conservative imputed value for IBI that does not 

disproportionately influence the model. 
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Table 5.1: Descriptive statistics for the reproductive variables investigated. 

Variable Name (continuous variables)a Mean ± SD Min - Max 

Age at menarche 12.94 ± 1.354 9 .0 – 17.0 

Age at first sexual intercourse 19.69 ± 3.326 12.0 – 36.0 

Number of committed relationships 1.7 ± 1.4 1 – 20c 

Average duration of committed relationship (years) 30.23 ± 15.659 1.0 – 65.0 

Number of pregnancies 3.3 ± 1.54 1 – 13d 

Age at first birth 25.09 ± 4.895 15.1 – 44.3 

Age at last birth 30.51 ± 5.053 16.8 – 50.9 

Number of children 2.7 ± 1.17 1 – 9e 

Average inter-birth interval (years) 3.35 ± 1.879 0.7 – 19.5 

Total duration of breastfeeding across all children (months) 14.31 ± 15.313 0.0 – 153.0 

Age at menopause (for 659 post-menopausal women) 49.45 ± 4.613 30.0 – 60.0 

Variable Name (categorical variables)b Level Name Percent 

Number of sexual partners 1-2 62.7 

 3-4 19.4 

 5-9 11.8 

 10+ 6.1 

Ever breastfed a child No 13.9 

 Yes 86.1 

a For continuous variables the mean, standard deviation, minimum and maximum score are 
provided.   

b For categorical variables the percent of women in each level of the variable are provided.  
c Women with 4+ committed relationships aggregated for analyses (8.5%) 
d Women with 6+ pregnancies aggregated for analyses (8.8%) 
e Women with 5+ children aggregated for analyses (6.1%) 
All summary statistics are for the full 718 women (unless otherwise stated).  

 

The data were split into two equal halves using the ‘split file at random’ command 

in SPSS v18.  Both data subsets had similar numbers of pre and post-menopausal 

women, women with only one child, and variety of cancer types.  Splitting the data 

allowed us to develop a model on the first data subset, and to then test that model 

for internal validity on the second data subset. 

 

To test aim one, exploratory factor analysis with an oblique rotation (oblimin) was 

employed using Mplus v6.11.  Oblique rotation produces a simple structure which 

facilitates factor interpretation, and allows the factors to be correlated (Kline 
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1994).  Mplus allows the inclusion of continuous and non-continuous variables in 

factor analyses.  

 

Exploratory factor analysis was run on the first data subset.  A range of factor 

structures was tested (including between one and thirteen factors), and a series of 

fit statistics were used to determine which model exhibited good fit.  The Chi-

squared test of model fit tests for a difference between the variance-covariance 

matrix of the data and the variance-covariance matrix estimated by the model 

(Bollen 1989); a good model will show no significant difference.  Pclose is the 

significance test of whether the Root Mean-Square Error of Approximation (RMSEA) 

differs from 0 (Chen et al. 2008); Pclose should be non-significant (i.e. no error).  

The Tucker-Lewis Index (TLI) and the Comparative Fit Index (CFI) measure the 

fitted model compared to a baseline model (usually the null or independence 

model) (Chen et al. 2008); the closer the value to 1 the better the fitted model.  

Once good fit was established, the final model was forced onto the second data 

subset and the above parameters were examined to test the model for internal 

validity.  

 

To test aim two, scores for each participant for each factor (factor scores) were 

calculated.  To do this, the internally validated final model was forced onto the full 

data set.  The factor loadings from the full data set were then used to calculate 

individual factor scores using the regression method known as the modal posterior 

estimator (Lawley & Maxwell 1962; Muthen 2005).   

 

Generalised linear models were employed to investigate the relationships between 

factors extracted from aim one and additional covariates.  These covariates 

included age, natal family socioeconomic status (FSES; three levelled categorical 

variable; poorer than most (reference category), of average wealth, wealthier than 

most), and educational attainment (EDUC; five levelled categorical variable; did 

not complete year 10 (reference category), year 10 completed, upper high school 

completed, TAFE or trade completed, university of college graduate).  Variation in 

mating effort was investigated first to see what characteristics influenced a 

woman’s mating behaviour.  Then, factors influencing reproductive timing, 

parental investment strategies and reproductive success were investigated.  
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Interaction terms were employed to see whether mating behaviour altered the 

relationships between the factors. 

 

 

Results 

 
Women averaged 65 years of age (range = 34 – 95 years) and 91.7% were post-

menopausal.  Therefore, the vast majority of women had completed their 

reproductive careers.  Additionally, 85% of the women were diagnosed after 50 

years of age; thus, it is unlikely that the cancer diagnosis altered the majority of the 

women’s reproductive trajectories.  Of the 120 women diagnosed with cancer 

before age 50, only 24 (3.3% of 718) had a gynaecological cancer.  Cancer 

diagnoses are unlikely to have had an influence on reproductive histories. 

 

Eighty one percent of women in this sample reported having used contraceptives 

(including barrier methods, IUDs, hormonal pills, injections and implants) at some 

point during their lives.  The availability and use of contraception may sever 

evolutionary linkages between mating behaviours and reproductive output 

(Belsky, Steinberg & Draper 1991; Santow 1991).  However, markers of 

reproductive behaviours that precede conception (e.g. age at first sexual 

intercourse) are expected, even in contemporary populations, to exhibit 

differences that represent differing reproductive strategies or elements of 

reproductive strategies (Belsky, Steinberg & Draper 1991). 

 

Development of the model on the first data subset 

Initial factor analysis of the first data subset resulted in the successive exclusion of 

two reproductive variables due to bad fit statistics and low communalities; they 

were menarche (communality = 0.016 or 1.6%) and menopause (communality = 

0.032 or 3.2%).  Communalities are the percent of variance in each measured 

variable explained by the factor structure (Comrey & Lee 1992).  Variables with 

low communalities do not associate with the other variables in a factor structure 

even though they may be important components of a life history.  Communalities 

for all other variables ranged from 0.536 to 0.992. 
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After exclusion of these two variables, a second exploratory factor analysis on the 

first half of the data was run using the remaining eleven variables.  Factor 

structures with one to eleven factors were tested and the six-factor model was the 

most parsimonious factor structure to exhibit good fit (2(4) = 4.426, p = 0.351, 

RMSEA = 0.017 (90% CIRMSEA = 0.000 – 0.083), Pclose = 0.717, CFI = 1.000, TLI = 

0.998).  The communality for each item ranged from 0.589 – 0.987, with an 

average of 0.845. 

 

Testing internal validity with second data subset 

Subjecting the second data subset to an exploratory factor analysis with a six-

factor set with the eleven variables included above also resulted in good fit 

statistics (2(4) = 6.692, p = 0.153, RMSEA = 0.043 (90% CIRMSEA = 0.000 – 0.099), 

Pclose = 0.499, CFI = 0.999, TLI = 0.989).  The communalities for all items ranged 

between 0.694 – 0.990, with an average of 0.879.   

 

The factor loadings from the model on both the first and second data subsets were 

very similar (See supplementary material: Table S6 in online article).  When 

comparing the same factor across the two models, the magnitude of the factor 

loadings is important but a consistent change in the sign of the loadings is not.  

Factor loadings reflect the correlation between a factor and a variable (Kline 

1994).  Factors 3 – 6 are almost identical across the two subsets (See 

supplementary material: Table S6 in online article).  Factors 1 and 2 differed 

somewhat; number of sexual partners clustered with number of committed 

relationships and average duration of relationships in the first data subset; 

however, in the second data subset, number of sexual partners clustered with age 

at first sexual intercourse (See supplementary material: Table S6 in online article).  

Given the random split of the data, the strong correspondence between analyses 

indicates a very robust factor structure with high internal validity.  

 

Calculating factor scores on the full data set 

A factor analysis on the full data set with a six-factor constraint was used to enable 

the calculation of factor scores for all individuals for use in further analyses.  The 

full model retained good fit statistics (2(4) = 3.942, p = 0.414, RMSEA = 0.000 (90% 
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CIRMSEA = 0.000 – 0.056), Pclose = 0.914, CFI = 1.000, TLI = 1.000).  The 

communalities ranged from 0.682 – 0.989, with an average of 0.888. 

 

After reviewing the factor loadings from the full data set (Table 5.2), labels were 

assigned to each of the factors representing the variables with high factor loadings.  

Factor labels are indicated by the use of single quotes.  Factor 1 loaded positively 

on number of committed relationships, and negatively on average duration of 

committed relationships (Table 5.2).  Therefore, at the high score end of the factor 

1 continuum were short-term mating strategists with more partners and shorter 

durations of relationships, while the low score end was characterized by long-term 

mating strategists with fewer partners and relationships of longer average 

duration; thus, we label factor 1 ‘short-term mating strategy’.  Factor 2 loaded 

most highly on age at first sexual intercourse (Table 5.2) and was labelled ‘early 

onset of sexual activity’.  Note that because of the negative factor loading, a woman 

with a high score on ‘early onset of sexual activity’ displays a young age at first 

sexual intercourse, while a low score for ‘early onset of sexual activity’ represents 

an older age at first sexual intercourse.  Factor 3 loaded most highly on number of 

pregnancies and number of children (Table 5.2), and was labelled ‘reproductive 

output’.  Ages at first and last birth clustered together on factor 4 (Table 5.2).  

Factor 4 was labelled ‘timing of childbearing’.  Breastfeeding experience and total 

duration of breastfeeding clustered together on factor 5 (Table 5.2), which was 

labelled ‘breastfeeding’.  Factor 6 loaded most highly on average inter-birth 

interval (Table 5.2) and was labelled ‘child spacing’.  
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Table 5.2: Pattern matrix with rotated factor loadings for each variable in the six-

factor structure on the full data subset. 
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Age at first sexual intercourse 
-0.041 -0.727 -0.070 0.202 -0.011 -0.031 

Number of sexual partners 
0.482 0.489 -0.151 0.203 0.005 0.004 

Number of committed relationships 
0.904 0.152 0.076 -0.003 -0.044 0.002 

Average duration of relationships 
-1.011 0.116 0.033 0.031 -0.028 -0.014 

Number of pregnancies 
-0.021 0.191 0.780 0.112 0.056 -0.049 

Age at first birth 
0.031 -0.084 -0.399 0.835 0.010 -0.214 

Age at last birth 
-0.004 -0.054 0.298 0.906 0.021 0.232 

Number of children 
-0.018 -0.057 1.040 -0.030 0.046 -0.091 

Average inter-birth interval 
0.022 0.010 -0.148 0.022 0.003 0.945 

Ever breastfed 
-0.014 0.029 -0.086 -0.072 1.016 -0.041 

Duration of breastfeeding 
0.017 -0.030 0.121 0.087 0.940 0.055 

These factor loadings are the ones employed to calculate the factor scores for each woman.  They 
provide the direction and magnitude of the relationship between each variable and factor.  Bolding 
shows factor loadings above |0.5|. 

 

Aim 2: Investigating relationships between extracted reproductive 

factors 

‘Early onset of sexual activity’, age at menarche, FSES and age were regressed on 

‘short-term mating strategy’ to investigate what characteristics influence women’s 

mating behaviour.  After backwards variable-selection the final model included: 

 

‘Short-term mating strategy’ = ‘early onset of sexual activity’ – age 

 

With an increasing score on ‘early onset of sexual activity’ there was an increase in 

‘short-term mating strategy’ (Table 5.3).  With increasing age there was a decrease 

in ‘short-term mating strategy’ (Table 5.3). 
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Table 5.3: Parameter coefficients and corresponding significance level for each 

input variable in the final regression models for ‘short-term mating strategy’, 

‘timing of childbearing’, average duration of breastfeeding per child and 

‘reproductive output’.   

Outcome 
variable 

Input 
variable 

Parameter 
coefficient 

p-
value 

‘Short-term 
mating strategy’ 

Age -0.377 <0.001 
‘Early onset of sexual activity’ 0.670 <0.001 

‘Timing of 
childbearing’ 

EDUC1: Did not complete year 10 0 - a 
EDUC2: Year 10 completed 0.318 0.494 

EDUC3: Upper high school completed 1.722 0.001 
EDUC4: TAFE or Trade completed 1.878 <0.001 

EDUC5: University or college graduate 3.492 <0.001 
‘Early onset of sexual activity’ -0.267 <0.001 
‘Short-term mating strategy’ 0.034 0.016 

‘Short-term mating strategy’ x ‘Early onset 
of sexual activity’ 

0.021 <0.001 

Average duration 
of breastfeeding 
per child 

Age -0.084 <0.001 
EDUC1: Did not complete year 10 0 - a 

EDUC2: Year 10 completed -0.065 0.911 
EDUC3: Upper high school completed 0.467 0.463 

EDUC4: TAFE or Trade completed 0.471 0.449 
EDUC5: University or college graduate 1.435 0.025 

‘Reproductive output’ -0.094 0.094 
‘Timing of childbearing’ 0.164 <0.001 

‘Short-term mating strategy’ 0.000 0.982 
‘Short-term mating strategy’ x 

‘Reproductive output’ 
-0.011 0.019 

‘Short-term mating strategy’ x ‘Timing of 
childbearing’ 

0.007 0.049 

‘Reproductive 
output’ 

Age 0.067 <0.001 
EDUC1: Did not complete year 10 0 - a 

EDUC2: Year 10 completed -0.646 0.095 
EDUC3: Upper high school completed -0.705 0.097 

EDUC4: TAFE or Trade completed -1.124 0.007 
EDUC5: University or college graduate -1.302 0.002 

‘Timing of childbearing’ -0.096 0.001 
‘Short-term mating strategy’ -0.014 0.257 

‘Short-term mating strategy’ x ‘Timing of 
childbearing’ 

-0.004 0.086 

Educational attainment (EDUC) is a categorical variable.   
The parameter coefficients and significance levels for each level (1–5) of EDUC are provided.   
a EDUC1 is the reference category, thus no p-value can be provided. 
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‘Early onset of sexual activity’, ‘short-term mating strategy’, age, FSES, educational 

attainment and an interaction between ‘short-term mating strategy’ and ‘early 

onset of sexual activity’ were regressed on ‘timing of childbearing’ to investigate 

the slow-fast continuum, indicating variation in reproductive timing.  An 

interaction term between ‘short-term mating strategy’ and ‘early onset of sexual 

activity’ was included in order to determine if the association between timing of 

sexual activity and ‘timing of childbearing’ differed by mating behaviour.  After 

backwards variable-selection the final model was: 

 

Timing of childbearing = EDUC – ‘early onset of sexual activity’  

+ ‘short-term mating strategy’  

+ (‘short-term mating strategy’ x ‘early onset of sexual activity’) 

 

Women with upper high school, TAFE/trade or university/college education had 

higher scores for ‘timing of childbearing’ compared to women who did not 

complete year 10 (Table 5.3).  The interaction term for ‘short-term mating 

strategy’ and ‘early onset of sexual activity’ was significant (Table 5.3).  With 

delayed timing of sexual activity there was only a slight delay in ‘timing of 

childbearing’ for women who displayed a more short-term mating strategy, whilst 

for those with a more long-term mating strategy, a delay in timing of sexual 

activity resulted in a steep delay in ‘timing of childbearing’ (Figure 5.1). 
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Figure 5.1: Heuristic diagram of the significant interaction effect of ‘short-term 

mating strategy’ and ‘early onset of sexual activity’ on ‘timing of childbearing’.  End 

points calculated using 25th and 75th percentiles for ‘early onset of sexual activity’ 

and ‘short-term mating strategy’, with educational attainment at the median 

(upper high school). 

 

To investigate parental investment strategies and evidence of a child quantity – 

quality trade-off in this population of adult women we used the variable average 

duration of breastfeeding per child.  This variable was created by dividing the total 

duration of breastfeeding across all children by the number of children. 

‘Reproductive output’, ‘timing of childbearing’, ‘short-term mating strategy’, FSES, 

educational attainment, age and an interaction between ‘short-term mating 

strategy’ and ‘reproductive output’ were regressed on average duration of 

breastfeeding per child.  After backwards variable-selection the final model was: 

 

Average duration of breastfeeding per child = EDUC – age – ‘reproductive output’  

+ ‘timing of childbearing’ + ‘short-term mating strategy’  

– (‘short-term mating strategy’ x ‘reproductive output’)  

+ (‘short-term mating strategy’ x ‘timing of childbearing’) 
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Women with university/college education had higher average duration of 

breastfeeding compared to women who did not complete year 10 (Table 5.3).  

With increasing age, average duration of breastfeeding per child decreased (Table 

5.3).  The interaction term ‘short-term mating strategy’ by ‘reproductive output’ 

had a significant effect on average breastfeeding duration per child (Table 5.3).  

For women who displayed a more long-term mating strategy, an increase in 

‘reproductive output’ did not influence average breastfeeding duration per child, 

whilst for women with a more short-term mating strategy an increase in 

‘reproductive output’ resulted in decreased average duration of breastfeeding per 

child (Figure 5.2). 

 

 

Figure 5.2: Heuristic diagram of the significant interaction effect of ‘short-term 

mating strategy’ and ‘reproductive output’ on average duration of breastfeeding 

per child (in months).  End points calculated using 25th and 75th percentiles for 

‘reproductive output’ and ‘short-term mating strategy’, with educational 

attainment at the median (upper high school), age at the mean (64.44 years) and 

‘timing of childbearing’ at the mean. 

 

The interaction term ‘short-term mating strategy’ by ‘timing of childbearing’ had a 

significant effect on average breastfeeding duration per child (Table 5.3).  For 

women with a more long-term mating strategy there was a marginal increase in 
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breastfeeding duration per child with delayed ‘timing of childbearing’ (Figure 5.3).  

However, women with a more short-term mating strategy who delayed ‘timing of 

childbearing’ exhibited breastfeeding per child time that approximated or 

surpassed that of women who exhibited a more long-term mating strategy (Figure 

5.3). 

 

 

Figure 5.3: Heuristic diagram of the significant interaction effect of ‘short-term 

mating strategy’ and ‘timing of childbearing’ on average duration of breastfeeding 

per child (in months). End points calculated using 25th and 75th percentiles for 

‘timing of childbearing’ and ‘short-term mating strategy’, with educational 

attainment at the median (upper high school), age at the mean (64.44 years) and 

‘reproductive output’ at the mean. 

 

‘Timing of childbearing’, ‘short-term mating strategy’, age, FSES, educational 

attainment and an interaction between ‘timing of childbearing’ and ‘short-term 

mating strategy’ was regressed on ‘reproductive output’ to investigate which 

characteristics influenced overall reproductive success (children born).  After 

backwards variable-selection the final model was: 

 

‘Reproductive output’ = age – EDUC – ‘timing of childbearing’ – ‘short-term mating strategy’  

– (‘timing of childbearing’ x ‘short-term mating strategy’) 
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Women with TAFE/trade or university/college education had lower ‘reproductive 

output’ than women who did not complete year 10 (Table 5.3).  Older women had 

higher ‘reproductive output’ (Table 5.3).  There was a trend for the interaction 

term between ‘timing of childbearing’ and ‘short-term mating strategy’ (Table 5.3).  

For women with a more long-term mating strategy a delay in ‘timing of 

childbearing’ resulted in only a slight decrease in ‘reproductive output’, whilst for 

women with a more short-term mating strategy a delay in ‘timing of childbearing’ 

resulted in a steep decrease in ‘reproductive output’ (Figure 5.4). 

 

Figure 5.4: Heuristic diagram of the trend significance interaction effect of ‘short-

term mating strategy’ and ‘timing of childbearing’ on ‘reproductive output’. End 

points calculated using 25th and 75th percentiles for ‘timing of childbearing’ and 

‘short-term mating strategy’, with educational attainment at the median (upper 

high school) and age at the mean (64.44 years). 
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Discussion 

 

Life history theory predicts suites of reproductive parameters that are expected to 

correlate in predictable ways depending on environmental conditions.  

Relationships between specific life history parameters have been investigated 

across many species (Bielby et al. 2007; Charnov 1991; Purvis & Harvey 1995; 

Stearns 1983); however, the use of factor analysis to explore the relationships 

between larger sets of reproductive variables has not been reported for humans.  

The first aim of this study was to employ exploratory factor analysis to 

demonstrate that quantitative demographic parameters would reflect latent 

factors relevant to life history predictions in contemporary Western post-

menopausal human females.  As expected, the six factors derived here delineate 

aspects of reproductive strategies including mating effort (‘short-term mating 

strategy’), timing of reproduction (‘early onset of sexual activity’ and ‘timing of 

childbearing’), parental investment strategies (‘breastfeeding’ and ‘child spacing’) 

and reproductive success (‘reproductive output’).  

 

Unexpectedly, menarche was not associated with other variables characterising 

timing of life history strategy and was dropped from the analyses, as was 

menopause.  Therefore, these are not good indicators for differentiation of 

reproductive strategies for a contemporary population of post-menopausal 

women.  Women in contemporary populations have greater control over the 

timing of onset of child bearing (Low et al. 2008) and age at physiological sexual 

maturation is not correlated with reproductive timing in this population of women.  

In a different sample from a similar contemporary Australian population, Milne & 

Judge (2011) found that family composition was correlated with menarche, but not 

with reproductive onset – revealing a limited association between characteristics 

influencing both sexual maturation and reproductive onset.  On the other hand, a 

study that investigated women from 22 subsistence-based traditional populations 

found that age at menarche was strongly and positively correlated with age at first 

reproduction (Hochberg, Gawlik & Walker 2011).  Perhaps delayed reproductive 

timing as a result of increased resource-acquisition time seen in contemporary 
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populations (Low et al. 2008) separates the association between sexual maturation 

and reproductive onset in contemporary populations.   

 

The two proxy measures of parental investment (breastfeeding and inter-birth 

interval) were not associated.  In traditional non-contracepting populations, 

breastfeeding is the primary mechanism of birth spacing (Smith 1985) and thus it 

would be expected that breastfeeding and inter-birth interval cluster together on 

one factor.  Here, the separation of these denotes a disengagement of biological 

spacing mechanisms in this post-industrial population.  Access to contraception 

may have interrupted the relationship between child spacing and breastfeeding 

(Baschieri & Hinde 2007; Smith 1985).  

 

Aim 2: Investigating relationships between extracted reproductive 

factors 

Covariates, including educational attainment and age, influence the reproductive 

factors in predictable ways.  With increasing educational attainment women 

displayed delayed ‘timing of childbearing’, reduced ‘reproductive output’ and 

greater duration of breastfeeding (parental investment) in each child.  In 

developed populations, the cost of reproduction is high (Lawson & Mace 2010) and 

higher education is associated with higher income (Weeden et al. 2006), therefore 

more educated women may be delaying reproduction to employ a resource-

acquisition strategy before commencing reproduction (Low et al. 2008).  

Additionally, more educated women have been shown to have fewer children than 

less educated women (Weeden et al. 2006).  As these more educated women are 

also delaying reproduction it may be that they are employing a child quality 

strategy.  This is supported by our finding that more educated women had longer 

duration of breastfeeding per child.  This result concurs with other studies (Baxter, 

Cooklin & Smith 2009; Kohlhuber et al. 2008; Ogunlesi 2010; Taveras et al. 2003).  

As is expected, this population of women also shows a cohort effect on 

reproductive output; older women have greater ‘reproductive output’ than 

younger women.  The fertility rate in Australia has dropped from 3.5 babies born 

per woman in 1980 to 1.7 in 2001 (Hayes et al. 2012).  As expected (Ryan, Wenjun 
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& Acosta 2002), there is evidence of a secular increase in breastfeeding duration; 

older women exhibited shorter breastfeeding duration per child.   

 

This analysis indicates that women show similar mating strategies to those 

previously documented in men (Heath & Hadley 1998; Marlowe 2000).  Some 

women invest more time and/or energy in finding more mates and others invest in 

maintaining long-term stable pair-bonds.  We do not have data on partner 

selection, and thus are not able to investigate whether women demonstrating 

different mating behaviour also varied in processes or success in mate choice.  

Future research might profitably delve into relationships between processes of 

mate choice, success therein, and mating behaviour.  There are two potential 

hypotheses as to why some women employ short-term mating strategies (Schmitt 

2005).  The first suggests that a short-term mating strategy results from a failure 

to develop secure attachment during childhood (Hazan & Zeifman 1999) and is a 

result of personality and attachment problems – i.e. is not adaptive (Schmitt 2005) 

but rather a failed long-term strategy.  The second hypothesis suggests that a 

short-term mating strategy is adaptive under unstable, high mortality childhood 

environmental conditions (Belsky, Steinberg & Draper 1991; Gangestad & Simpson 

2000).  Under both hypotheses short-term mating behaviours are associated with 

stressful childhood environments.  Unfortunately at this time we were unable to 

investigate the effect of early childhood environmental stress directly, but we did 

have a measure of family socioeconomic status that may act as a proxy for 

childhood stress.  Future work will reveal more about the effect of actual childhood 

stress measures on reproductive behaviours including mating strategy (See 

Chapter 6).  Belsky, Steinberg and Draper (1991) suggest that through the 

influence of the childhood environment some individuals will reach sexual 

maturity earlier and develop behaviour patterns that include early onset of sexual 

activity and short-term pair-bonds.  Therefore, we also investigated the effect of 

age at menarche and timing of sexual activity on mating behaviour.  Neither age at 

menarche nor FSES influenced ‘short-term mating strategy’.  Menarche is a 

physiological event, which is influenced by resource availability (Ellison 1999), 

and in this resource rich population there may not be enough variation in age at 

menarche for it to exhibit an association with mating behaviours.  We predict that 

in traditional, non-contracepting populations that menarche would be associated 
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with mating behaviours.  Onset of sexual activity, on the other hand, is a 

behavioural event, and was associated with mating behaviours, in the direction 

predicted by life-history theory (Belsky, Steinberg & Draper 1991; Draper & 

Harpending 1982; Ellis 2004), even in this contemporary population. 

 

‘Early onset of sexual activity’ resulted in early ‘timing of childbearing’ for women 

who display a more long-term mating strategy, but not for those who display a 

more short-term mating strategy (Figure 5.1).  During the years in which the 

majority of these women were reproductively active (~1950 – 1990), condom 

usage was low (Santow 1991).  The contraceptive pill was introduced in 1961 and 

had a relatively high uptake (Santow 1991).  The availability of contraception is 

likely to have been the same for all women, regardless of mating strategy.  

However, it is possible that use of contraceptives differed for short-term and long-

term mating strategists.  The state of being in a committed sexual relationship may 

be a signal to women employing more long-term mating strategies to begin 

reproduction whereas women employing more short-term mating strategies, who 

do not engage in these long-term committed relationships, and do not receive this 

signal, are more likely to use contraception.  Alternatively, the observed 

differences between short-term and long-term mating strategies may be due to 

differential termination of early pregnancies.  Women with more short-term and 

long-term mating strategies did not differ in their number of pregnancies (mean 

number of pregnancies = 3.25  1.6 and 3.38  1.5 respectively), but women 

employing more short-term mating strategies gave birth to significantly fewer 

children than those employing more long-term mating strategies (mean number of 

children = 2.47  1.1 and 2.98  1.2 respectively) – suggesting that women 

displaying more short-term mating strategies had more disrupted pregnancies 

than did those with a long-term mating strategy.  However, if women with more 

short-term mating strategies were more likely to terminate early pregnancies, then 

no association between timing of sexual activity and reproductive onset would be 

expected for this group.  Terminations could be elective or physiological; however, 

we are unable to tease apart mechanisms with present data.  This is, of course, 

speculative but suggests interesting directions for future research.  
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Women employing more short-term mating strategies exhibited evidence of a 

trade-off between child quantity and investment, while those employing more 

long-term mating strategies did not (Figure 5.2).  Women with more long-term 

mating strategies had 0.5 more children than those employing more short-term 

mating strategies and did not reduce investment in breastfeeding as number of 

children increased.  Lack of a trade-off for women with more long-term mating 

strategies may be due to the presence of a stable partner.  A partner’s investment 

in mother, baby and/or other existing children may enable the mother to invest 

more time in breastfeeding the newest baby, without cost to existing or future 

children, particularly within parities exhibited in this low fertility population.  This 

warrants further research to test for the underlying mechanism(s). 

 

Women employing a more short-term mating strategy who delayed reproduction 

exhibited breastfeeding investment similar to that shown by women with a more 

long-term mating strategy (Figure 5.3).  There is evidence of a relationship 

between stressful childhood conditions and short-term, early reproductive 

strategy (Ellis et al. 2003; Ellis & Essex 2007; Kim, Smith & Palermiti 1997).  That 

delay causes shifts in investment suggests that an intergenerational cycle can be 

broken if women environmentally inclined to early reproduction are able to delay. 

 

Delayed ‘timing of childbearing’ resulted in decreased ‘reproductive output’ for 

women employing a more short-term mating strategy, but not for those employing 

a more long-term mating strategy (Figure 5.4).  Regardless of timing of 

reproductive onset, women with a more long-term mating strategy who have 

stable pair-bonds, may have enough reproductive lifespan left to have as many 

children as desired, when average (desired) levels are low in the population 

(Holton, Fisher & Rowe 2011).  Reproductive timing is disconnected from 

reproductive output for women with more long-term mating strategies in this low 

fertility population.  However, women with more short-term strategies, by 

definition, do not form long-term stable pair-bonds, and therefore, those who 

delay reproduction use more time in mating effort and have less time for parental 

effort.   
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In summary, the exploratory factor analysis empirically derives factors 

representing elements of reproductive strategies from reproductive histories of a 

sample of contemporary women and validates applicability of the concepts of 

reproductive strategies discussed in human life history theory literature 

(Borgerhoff Mulder 1992) to a contemporary western population.  The 

relationships among factor scores indicate trade-offs between latent 

characteristics of reproductive strategies.  Mating strategies are associated with 

different patterns of reproduction.  Women who display more short-term mating 

behaviours reproduce early, invest less and have lower numbers of births.  Women 

who display more long-term mating behaviours have higher reproductive output 

and show no negative impact of these higher numbers of children on investment 

per child as measured by breastfeeding.  
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Chapter 6: Early childhood influences adult reproductive 

behaviours 

 

 

 

The aim of Chapter 6 is to determine the relationship between aspects of the 

childhood environment (including psychosocial condition, natal family 

composition and resource availability) on the adult reproductive factors (‘early 

onset of sexual activity’, ‘short-term mating strategy’, ‘timing of childbearing’, 

‘reproductive output’, ‘breastfeeding’ and ‘child spacing’) derived in Chapter 5 

(Milne & Judge 2012). 

 

 

Model development: Part 1 

 

Using the 70% subset of parous women (n = 463), correlations between childhood 

and reproductive histories were performed.  The six reproductive factors, age at 

menarche and age at first birth were correlated against eight childhood 

psychosocial environmental measures, six family composition measures, two 

childhood resource availability measures (low-FSES and high-FSES), post-secondary 

education, smoke in home, hormonal contraceptive use and age.   The other three 

lifestyle measures (adult BMI, HRT use and smoking status at diagnosis) were not 

included in these analyses as they are measures assessed at the end of the 

reproductive lifespan, and thus any potential correlation would not indicate that 

the lifestyle factor influenced the reproductive measure.  

 

Table 6.1 provides the correlations between each of the early childhood and 

reproductive behaviour measures.  All reproductive variables and factors 

correlated with at least one psychosocial measure, except for age at menarche and 

‘breastfeeding’.  ‘Early onset of sexual activity’, ‘short-term mating strategy’, 

‘timing of childbearing’ and age at first birth correlated negatively with number of 

younger brothers.  ‘Short-term mating strategy’ also correlated negatively with 



Chapter 6 

 94 

number of younger sisters.  ‘Child spacing’ and age at first birth correlated with 

number of elder sisters and low-FSES.  ‘Timing of childbearing’ correlated positively 

with high-FSES.  ‘Early onset of sexual activity’ correlated positively with smoke in 

home.  All but age at menarche and ‘early onset of sexual activity’ correlated with 

post-secondary education.  All reproductive measures correlated with hormonal 

contraceptive use, except ‘reproductive output’.  Age correlated positively with age 

at menarche and ‘reproductive output’, and negatively with ‘early onset of sexual 

activity’, ‘short-term mating strategy’ and age at first birth. 

 

Table 6.1: Spearman’s rho correlation coefficient for adult reproductive behaviour 

measures with childhood and early lifestyle measures. 
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ACE score -.015   .147   .172 -.114   .099   .014 -.105   .124 
Death of a family member -.018 -.059 -.020   .090 -.029   .021   .015 -.059 
Mother absence -.067   .056   .025 -.001   .063 -.005 -.044   .066 
Father absence   .047   .063 -.110   .082   .039   .015   .030 -.014 
Overall quality of family life   .015 -.129 -.110   .052 -.088   .065 -.046 -.080 
Parental marital happiness -.004 -.122 -.167   .024 -.078 -.002 -.005 -.056 
Relation with mother   .004 -.105 -.208   .027 -.105 -.010   .004 -.084 
Relation with father   .002 -.135 -.167   .028 -.094 -.020   .033 -.093 
Firstborn -.032   .004   .005   .058   .010   .050   .052 -.026 
Middleborn -.027 -.035 -.035   .052 -.027   .075   .041 -.056 
Number of elder brothers -.059   .017 -.012   .076 -.027   .030   .037 -.068 
Number of elder sisters   .056   .041 -.015   .063 -.030 -.004   .086 -.081 
Number of younger brothers   .040 -.086 -.087   .005 -.080   .022 -.011 -.085 
Number of younger sisters   .056 -.072 -.085   .014 -.030   .045   .067 -.031 
Low-FSES -.016   .039   .028   .017 -.018 -.016   .107 -.083 
High-FSES   .032 -.075 -.050 -.010   .082 -.021   .008   .073 
Smoke in home   .049   .164   .072 -.002 -.014 -.013   .009   .001 
Post-secondary education   .010 -.026   .127 -.192   .275   .104 -.092   .309 
Hormonal contraceptive use -.107   .146   .196 -.067   .121   .082 -.081   .127 
Age .164 -.361 -.405 .248 -.042 -.057 .071 -.120 

Bolding indicates significance of 10% or less 

 

Childhood and lifestyle variables that exhibited at least trend correlations (p < 

0.10) with the reproductive measures (Table 6.1) were then included in 

backwards variable-selection regression analyses.  The effect of each variable 

remaining in the final model accounts for every other variable in the model.  
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Relationship between year of birth and age at sexual maturation 

Older women had an older age at menarche; for every one year increase in age 

there was around a quarter of a month increase in age at menarche (B = 0.018, t = 

3.276, p = 0.001, f2 = 0.023). 

 

Early life influenced onset of sexual activity 

For every unit increase in quality of relationship with their father, women had a 

0.131 decrease in their score for ‘early onset of sexual activity’ thereby indicating 

an older average onset of sexual activity (Table 6.2).  Women who experienced 

adults smoking inside their childhood home before the age of 12 had a 52% higher 

score for ‘early onset of sexual activity’ and therefore a younger age at first sexual 

intercourse, than women who had a smokeless childhood home (Table 6.2).  For 

each additional younger brother a woman had, there was a trend for her score for 

‘early onset of sexual activity’ to decrease by 0.314 (Table 6.2), and therefore, on 

average, women with more younger brothers had an older age at first sexual 

intercourse.  Lastly, there was a cohort effect; for each year older a women was her 

score for ‘early onset of sexual activity’ was lower by 0.114 (Table 6.2); on average, 

older women had later onset of first sexual activity. 

 

Table 6.2: Parameter coefficient, test statistics, significance level and effect size for 

all independent variables in the final model for ‘early onset of sexual activity’. 

Independent variable B t-statistic p-value f2 

Relation with father -0.131 3.460 0.001 0.03 

Smoke in home 1.518 4.314 <0.001 0.04 

Number of younger brothers -0.314 -1.931 0.054 0.01 

Age -0.114 -7.779 <0.001 0.13 

 

Early life influenced adult mating behaviour 

For each additional younger sister a woman had, her score for ‘short-term mating 

strategy’ decreased by 1.262 (Table 6.3), indicating that women with more 

younger sisters displayed a more long-term mating strategy.  Women with absent 

fathers during the first seven years of life displayed a 3 times lower score for 

‘short-term mating strategy’ than women whose father was not absent (Table 6.3); 
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women with absent fathers displayed more long-term mating behaviours.  There 

was a trend for every unit increase in relation with mother to decrease a woman’s 

score for ‘short-term mating strategy’ by 0.234 (display a more long-term mating 

strategy; Table 6.3).  For each additional exposure to an adverse childhood event, 

there was a trend for a woman’s score for ‘short-term mating strategy’ to increase 

by 0.617 (display a more short-term mating behaviour; Table 6.3).  Women born 

earlier in the 20th century had lower scores for ‘short-term mating strategy’, 

indicating a more long-term mating strategy (Table 6.3).  

 

Table 6.3: Parameter coefficient, test statistics, significance level and effect size for 

all independent variables in the final model for ‘short-term mating strategy’. 

Independent variable B t-statistic p-value f2 

Number of younger sisters -1.262 -2.687 0.007 0.02 

Father absence -2.996 -2.429 0.016 0.01 

Relation with mother -0.234 -1.893 0.059 0.01 

ACE score 0.617 1.809 0.071 0.01 

Age -0.385 -8.670 <0.001 0.16 

 

Reproductive delay was influenced by education and contraception  

Women with post-secondary education had delayed ‘timing of childbearing’ (B = 

2.412, t = 5.916, p < 0.001, f2 = 0.08).  There was a trend for women who had used 

hormonal contraception to exhibit delayed ‘timing of childbearing’ compared to 

women who did not use hormonal contraception (B = 0.876, t = 1.883, p = 0.060, f2 

= 0.01).  

 

When investigating the variable age at first birth, rather than the reproductive 

factor ‘timing of childbearing’, women with post-secondary education were older 

by 2.85 years at their first birth than women who did not have post-secondary 

education (B = 2.853, t = 6.440, p < 0.001, f2 = 0.09).  For each additional year of 

age, age at first birth decreased by 0.6 months (B = -0.051, t = -2.448, p = 0.013, f2 = 

0.01). 
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Women with post-secondary education had fewer children 

Younger women (B = 0.076, t = 5.331, p < 0.001, f2 = 0.06), and women with post-

secondary education (B = -1.019, t = -3.289, p =0.001, f2 = 0.02) had reduced 

‘reproductive output’. 

 

Women with post-secondary education breastfed longer 

Women with post-secondary education had scores for ‘breastfeeding’ that were 

3.296 units higher than women without post-secondary education (B = 3.296, t = 

2.237, p = 0.026, f2 = 0.01). 

 

Early life influenced child spacing 

Women who had more adverse childhood events had lower scores for ‘child 

spacing’, indicating shorter average inter-birth intervals (B = -0.181, t = -2.765, p = 

0.006, f2 = 0.02).  Women from poorer than most families had increased average 

inter-birth intervals (B = 0.751, t = 3.064, p = 0.002, f2 = 0.02). 

 

 

Discussion of the effect of early life on reproductive behaviours 

 

Before discussion of relationships between childhood factors and reproductive 

behaviours are undertaken, it should be noted that the effect sizes reported are 

considered small to medium.  However, this is expected due to the large time 

separation between the early childhood environment measures and each 

reproductive event or behaviour.  Therefore, although these relationships should 

be accepted cautiously, the fact that many display a strong significance (and many 

with a medium effect size) when the time lag is so large should be considered a 

strength. 
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Cohort effects 

Older women (women born earlier in the 20
th

 century) displayed a later age at 

menarche, later onset of sexual activity and an earlier age at first birth.  This 

indicates a cohort effect or secular trend; over time the average timing of sexual 

maturation and activity has been accelerated, while timing of reproductive onset 

has been delayed.  Okasha et al. (2001) found evidence of a 6 month decrease in 

mean age at menarche between women born in 1919 and those born in 1952, a 

similar year-of-birth range to this study.  Bajos et al. (2010) found that age at first 

sexual intercourse for both males and females has decreased over the last seventy 

years; the median age at first sexual intercourse for females has decreased from 22 

years in 1939 to under 18 years of age in 2005 (Bajos et al. 2010).  Over time the 

rate of premarital sexual activity has increased, and this may be the result of 

reduced religious and cultural taboos on women’s sexual behaviour.  At the same 

time, average age at first birth has increased.  Hayes et al. (2012) reported an 

increase in average age at first birth since 1963; in 1963 nearly 50% of women 

gave birth to their first child in their early twenties, however by 2007 this had 

dropped to fewer than 20% (Hayes et al. 2012).  Concurrently, the percent of 

women having their first child in their late thirties increased from 2% in 1980 to 

12% in 2007 (Hayes et al. 2012). 

 

Additionally, older women displayed more long-term mating behaviours.  This 

provides evidence of a secular change in relationship trends.  In 1975, the Family 

Law Act was introduced and this resulted in divorce rates more than doubling in 

one year from 1.8 divorces per 1,000 population in 1975 to 4.6 divorces per 1,000 

population in 1976 (Hayes et al. 2012).  Although the crude divorce rate dropped 

to 2.8 divorces per 1,000 population by 1999, it remains higher than it was before 

the introduction of the Family Law Act (Hayes et al. 2012).  Over the age range 

observed in this study, the taboo on divorce has lifted.  Concurrently, the mean 

lifetime number of sexual partners for women has increased from 1.8 in 1970 to 

4.4 in 2006 (Bajos et al. 2010).  Divorces are more common, and women are now 

having higher numbers of sexual partners.  In this sample, older women had fewer 

and more long lasting relationships (towards the long-term mating strategy end of 

the continuum) compared to younger women who were more likely to have more 
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sexual partners, with less long lasting relationships (towards the short-term 

mating strategy end of the continuum). 

 

Older women also displayed a higher ‘reproductive output’.  In Australia, by 1980 

the fertility rate had fallen below the replacement rate (= 2.1) to 1.9 babies born 

per woman from 3.5 (Hayes et al. 2012).  It further decline to 1.7 by 2001 (Hayes et 

al. 2012).  The proportion of women having three or more children has also 

dropped since 1981, and the proportion of women having no children or only one 

child has increased (Hayes et al. 2012).   

 

These overall secular trends of delayed reproductive timing, relaxed taboos on 

relationship changes and reduced reproductive output over the last 50 to 100 

years are reflected in this study’s results.  Age influenced age at menarche, age at 

first birth, ‘early onset of sexual activity’, ‘short-term mating strategy’ and 

‘reproductive output’ independently, therefore all other associations between 

childhood and lifestyle factors with these five reproductive measures are 

controlling for age (and thus for the secular trends discussed above). 

 

Effect of education on reproductive behaviours 

Women with post-secondary education had delayed ‘timing of childbearing’, an 

older age at first birth, reduced ‘reproductive output’ and increased 

‘breastfeeding’.  In a study of US women aged 45-55 years, higher educational 

attainment was significantly correlated with an older age at first birth (Weeden et 

al. 2006).  Women who attain higher levels of education may delay reproduction in 

order to complete higher-level studies or to increase their resource base before 

commencing child rearing (resource-acquisition strategy: Low et al. 2008).  

Weeden (2006) also found that women’s educational achievement was negatively 

correlated with number of children.  Additionally, in a study of 45-55 year old 

Swedish women, those with the highest level of education had the fewest children 

(Fieder & Huber 2007).  In this sample, like the majority of modern post-industrial 

populations investigated (Fieder & Huber 2007; Kaplan & Lancaster 2000; Lawson 

& Mace 2010; Vining 1986; Weeden et al. 2006), women with higher education (or 

status) have fewer children.  In part this may be due to delay; although, in a very 

low fertility population, the delay due to education may not reduce the number of 
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children below the mean (Milne & Judge 2011).  Increased educational attainment 

is associated with increased intent to breastfeed (Chertok et al. 2011; Lee et al. 

2005; Mitra et al. 2004; Persad & Mensinger 2008), more positive attitudes 

towards breastfeeding (Laantera et al. 2010), increased likelihood to begin 

breastfeeding (Kohlhuber et al. 2008), lower odds of stopping exclusive 

breastfeeding one to six months post birth (Baxter, Cooklin & Smith 2009; 

Ogunlesi 2010; Taveras et al. 2003) and increased duration of breastfeeding 

(Kohlhuber et al. 2008).  More educated women may better understand the 

benefits of breastfeeding and/or be more likely to partake in breastfeeding 

education programs leading to longer breastfeeding.  In this sample, women with 

post-secondary education displayed a greater likelihood to breastfeed and a longer 

duration of breastfeeding across all children.  As more educated women also have 

reduced reproductive output, these women are investing more time per child 

breastfeeding.  This suggests that more educated women are employing a parental 

investment strategy rather than a quantity strategy to improve their overall 

reproductive success (Fieder & Huber 2007).  

 

Effect of contraception on reproductive timing 

Controlling for education, women who had ever used hormonal contraceptives had 

delayed ‘timing of childbearing’.  This relationship can be mediated by a cohort 

effect; over time, age at first birth (Hayes et al. 2012) and contraceptive use 

(particularly by teenagers) have both increased (Forrest & Singh 1990).  In a study 

of Swedish high school students, the percent of individuals using contraception at 

first intercourse increased from 65% in 1979 to 76% in 1999 (Haggstrom-Nordin, 

Hanson & Tyden 2002).  As age was not correlated with ‘timing of childbearing’ 

(onset and cessation) in this sample, it is unlikely that age mediates this 

relationship.  Alternatively, with increased availability and acceptance of 

contraception (Santow 1991), couples are now able to use hormonal contraception 

for family planning successfully.  Hormonal contraception substantially reduces 

the risk of unplanned pregnancies; only 3% of women using oral contraceptives 

fall pregnant in their first year of use and this is largely due to improper use 

(Committee on Population, Commission on Behavioural and Social Sciences and 

Education & National Research Council 1989).  Couples may wish to accumulate 

particular resources (e.g. owning a house: Hayes et al. 2012) before starting a 
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family, which may take some time.  In order to do this, couples may use hormonal 

contraceptives to choose when they’re ready to start a family.  Therefore, it is 

expected that (hormonal) contraceptive use itself is associated with delayed 

reproductive timing. 

 

Effect of the childhood psychosocial environment on reproductive 

behaviours 

Belsky, Steinberg and Draper (1991) predicted that if familial relationships are self 

focussed, opportunistic and untrustworthy, then individuals will develop 

behaviour patterns that function to reduce age at maturation, accelerate sexual 

activity, orient them toward short unstable adult pair-bonds, and reproduce early 

and rapidly.  Since then, there has been much work on the effect of the childhood 

environment on age at sexual maturation; individuals from stressful childhood 

environments are more likely to display early onset of sexual maturation and 

promiscuous sexual behaviour (Belsky, Schlomer & Ellis 2012; Chisholm 1998; 

Chisholm et al. 2005; Ellis et al. 2003).  The theory is that, under harsh, 

unpredictable environments, an individual’s best option for maximising 

reproductive success is to mature quickly, and reproduce early and rapidly, to 

decrease the chance of lineage extinction (Chisholm 1993; Promislow & Harvey 

1990).  Earlier menarche was observed in girls with dysfunctional family 

relationships (Ellis & Garber 2000; Kim, Smith & Palermiti 1997), whose mothers 

had a history of mood disorders (Ellis & Garber 2000), who had higher familial 

conflict (Kim, Smith & Palermiti 1997; Moffitt et al. 1992), who had poorer 

relationships with their mother and father (Kim, Smith & Palermiti 1997) and 

whose fathers were absent during their childhood (Draper & Harpending 1982; 

Ellis & Garber 2000; Ellis et al. 1999; Moffitt et al. 1992).  Age at menarche has 

been associated with other mating behaviours, and may be one mechanism 

through which the childhood environment influences adult reproductive and 

mating strategies (Schmitt 2005).  Early menarche is associated with earlier age at 

dating, older partner at first sexual intercourse (Kim, Smith & Palermiti 1997), 

younger age at first sex (Udry 1979), younger age at marriage (Udry & Cliquet 

1982) and younger age at first pregnancy and birth (Udry & Cliquet 1982; Udry 

1979).  Ellis and colleagues (2009) advanced the idea of environmental risk into 

two dimensions: harshness and unpredictability.  Harshness is defined as the rate 
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at which external factors cause disability and/or death, and unpredictability is 

defined as the rate at which harshness varies over time (Ellis et al. 2009).  Factors 

such as income (Belsky, Schlomer & Ellis 2012) or socioeconomic status (Simpson 

et al. 2012) have been employed to measure harshness, while factors such as 

changes to parental employment, changes to cohabitation of adults or changes to 

residence have been employed to measure unpredictability (Belsky, Schlomer & 

Ellis 2012; Simpson et al. 2012).  Belsky, Schlomer and Ellis (2012) found that low 

income, relative to the family’s needs (harshness), resulted in reduced maternal 

sensitivity, which led to children exhibiting more promiscuous sexual behaviours 

in adolescence.  Therefore, there is evidence that childhood environments with 

high levels of psychosocial conflict result in early onset of sexual maturation and 

activity, mating behaviours that resemble a more short-term mating strategy and 

earlier, rapid reproduction.   

 

Unexpectedly, in this study, age at menarche was not significantly influenced by 

any measure of the psychosocial environment during childhood.  Low nutrition is 

associated with delayed menarche (Chisholm & Coall 2008; Ellison 1990), and 

psychosocial stress is associated with early menarche (Belsky, Steinberg & Draper 

1991).  To the extent that these factors may be correlated and occur in the same 

household, there will be tension between these influences on a girl’s development, 

such that the independent effect of psychosocial environment may be masked.  

Although FSES and early psychosocial condition are negatively correlated in this 

study, when controlling for FSES, as a proxy for nutrition, there is still no 

relationship between the psychosocial environment and age at menarche (data not 

shown).  To the degree that these could be teased apart, there is no indication of a 

masking effect.  The secular change in age at sexual maturation was large; it may 

have swamped any influences of childhood environment on this sample of women.   

 

On the other hand, onset of sexual activity was influenced by childhood 

psychosocial measures.  Onset of sexual activity was delayed for women who 

displayed better relationships with their fathers and those who did not experience 

smoking in the home before 12 years of age.  If relation with father (including 

conflict, care and emotional closeness) has a similar effect to maternal sensitivity 

(in this study relation with mother and with father were significantly correlated; 
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Spearman’s rho = 0.668, p < 0.001) on adolescent sexual behaviour, then it would 

be expected that daughters with a better relationship with their father also 

demonstrate delayed sexual activity, as observed in this study.  In regards to smoke 

in home, individuals with low socioeconomic status (during adolescence and 

adulthood) are more likely to be smokers (Graham & Der 1999; Ren & Huang 

2011), thus parental smoking may be associated with low socioeconomic status.  

However, in this study smoke in home was not correlated with measures of 

childhood socioeconomic status.  On the other hand, smoke in home was correlated 

with ACE score (Spearman’s rho = 0.148, p = 0.001).  Perhaps smoke in home 

measures some aspect of the psychosocial environment in childhood, whereby 

individuals whose parents smoked in the home during their childhood experienced 

higher psychosocial stress, and then, as expected, displayed an earlier onset of 

sexual activity. 

 

In this contemporary population, women who were exposed to more childhood 

abuse and household dysfunction displayed a trend for more short-term mating 

strategies.  Furthermore, women who indicated that they had a poorer relationship 

(more conflict, less care and less emotional closeness) with their mother up to age 

seven years displayed a more short-term mating strategy.  A poorer childhood 

relationship with their mother may be an indicator for harsh adult environments 

(Chisholm 1999) and thus result in individuals employing short-term mating 

strategies.  Unexpectedly, I found that father absence was not associated with 

short-term mating behaviours, but with more long-term mating behaviours.  It is 

possible that this is a cohort effect; 55% of women were born before the end of 

World War II and women who were away from their fathers were on average 2.1 

years older than women whose father was not absent (t(753) = -2.087, p = 0.037).  If 

father absence was due to military service, then the implications in terms of 

psychosocial stress may be different than if he left home due to marital problems.  

For example, money would continue into family home, there would be social 

approbation due to the positive status of having a soldier father, and/or many 

children’s fathers may have been away so there wouldn’t have been such a 

dramatic social dichotomy of having an absent father.  However, I do not have the 

data to test this hypothesis directly.  Another possibility may be due to a limitation 

of the measure of father absence.  Women were asked whether during the first 
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seven years of life they “were ever separated from their father for what seemed 

like a long time”; women may have been separated from their father for years or 

only weeks.  However, as it was a self-perception of prolonged separation, and 

given the age of these women, they would have had to remember it for an average 

of 57.5 years, thus it is likely that any ‘yes’ response was associated with childhood 

psychosocial stress.  These are just possible explanations for the unexpected 

association between father absence and long-term mating strategies, and more 

research would be required to definitively address these potential mechanisms. 

 

Early childhood psychosocial measures did not influence age at first birth, ‘timing 

of childbearing’ or ‘reproductive output’ in this contemporary population.  Perhaps 

again the secular change in timing of reproduction masked any effect of the 

childhood environment in this older population of Western Australian women.  

Alternatively, the low fertility rate of this contemporary population may limit any 

effect of the childhood environment and timing of reproduction on reproductive 

output; individuals have plenty of time to amass their own resources before 

beginning reproduction and still have an average number of children (Milne & 

Judge 2011). 

 

After controlling for natal family socioeconomic status, there was a direct effect of 

the childhood psychosocial environment, measured by the number of adverse 

childhood events experienced (ACE score; Felitti et al. 1998), on child spacing 

practices.  Women who had higher ACE scores (more exposure to stressful 

childhood events in the first 7 years of life) had shorter average inter-birth 

intervals between their children.  Given that the fast-slow life history continuum 

predicts fast maturation to be associated with rapid production of one’s own 

offspring (Bielby et al. 2007; Stearns 1983), and that previous studies find an 

association between early childhood stress and sexual maturation and behaviour 

in adolescence (Jorm et al. 2004; Kim, Smith & Palermiti 1997), it is predicted that 

childhood stress would be associated with child spacing.  However, this is the first 

study to actually show that stress and harsh conditions in the childhood 

environment impact on how rapidly individuals produce children as measured by 

inter-birth intervals.   
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Effect of family composition on reproductive behaviours 

Previous research by Milne & Judge (2011) reported that women with elder 

brothers had a significantly delayed age at menarche.  However, this was not 

replicated in the current study.  It may be that the effect of the secular trend in the 

current study’s older population (mean age of the current study’s sample is about 

30 years older than that of the previous study’s sample) is large enough to mask 

any effect of the family environment.  Milne & Judge (2011) also reported that the 

presence of younger brothers delayed onset of sexual activity in their sisters.  In 

the present study, there was a trend for an increase in the number of younger 

brothers to result in delayed onset of sexual activity.  The suggested mechanism 

underlying the effect of younger brothers is behavioural rather than related to 

resource availability or physiology (Milne & Judge 2011).  Evidence from pre-

industrial and traditional populations show that elder born daughters may help 

parents raise younger siblings, and actually increase the parent’s overall 

reproductive success (Kemkes 2006; Turke 1988).  This implies that elder born 

daughters act as helpers-at-the-nest (Turke 1988) and thus may delay their own 

reproductive onset by delaying onset of sexual activity (Milne & Judge 2011). 

 

Age at first birth and reproductive success were not influenced by sex composition 

of elder or younger siblings in a similar (although younger) sample population of 

Western Australians (Milne & Judge 2011).  This lack of association was replicated 

in the current study.  Possibly, the older average age at first birth for this low 

fertility, low mortality population resulted in a separation of the impact of the 

childhood environment on reproductive behaviours, due to the increased time 

individuals have to amass their own resources (in addition to any resources 

supplied by their parents) to provide for their future family (Milne & Judge 2011).   

 

Women with higher numbers of younger sisters, controlling for childhood 

psychosocial environmental measures, displayed a more long-term mating 

strategy.  Increased numbers of younger sisters was correlated with an overall 

increase in sibship size (r = 0.525, p < 0.001).  Another aspect of stress in the 

childhood environment is that of physical stress including malnutrition, disease, 

and economic hardship (Ellis & Garber 2000).  It may be that women with more 

younger sisters (and siblings overall) are at a greater resource stress as food has to 
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be shared between more children. The bioassay hypothesis states that 

malnutrition or resource stress results in delayed menarche (Chisholm & Coall 

2008; Ellison 1990).  If early timing of sexual maturation initiates a life course 

trajectory of increased sexual activity and a emphasis on mating effort over that of 

parenting effort, then the opposite would also be expected (Belsky, Steinberg & 

Draper 1991; Chisholm 1998; Kim, Smith & Palermiti 1997; Udry & Cliquet 1982; 

Udry 1979); delayed menarche leading to a slow life history strategy with stable 

long-term relationships.  Therefore, women with more sisters may delay 

maturation and, as is seen, develop a more long-term mating strategy in adulthood.  

However, if it is purely about resource dilution with increased sibship size, then it 

is unclear why the number of younger brothers or elder siblings was not also 

associated with mating behaviour.  Furthermore, sons are more costly than 

daughters (Helle, Lummaa & Jokela 2002; Low 1991; Mace & Sear 1997) and this 

cost results in reduced investment in other children (Nielsen et al. 2007; Rickard 

2008).  Therefore, one would expect that resource dilution would be heightened 

with increased numbers of brothers, not sisters; however, this was not observed.  

Additionally, Borgerhoff Mulder (1998) found no evidence of investment in 

daughters being mediated by numbers of sisters in the Kipsigis of Kenya.  

Alternatively, perhaps through helper-at-the-nest activities (Kemkes 2006; Turke 

1988), elder daughters are entrained to invest more in parenting effort than 

mating effort, resulting in a long-term mating strategy.  Additionally, these helper-

at-the-nest behaviours of elder daughters have also been suggested to result in 

delayed onset of sexual activity (Milne & Judge 2011), which would be expected to 

result in more stable long-term mating behaviours during adulthood (Belsky, 

Steinberg & Draper 1991).  Another potential mechanism may be working through 

the actual presence of younger sisters; perhaps sisters in some way ‘prime’ or 

influence one another to engage in more stable adult pair-bonds.  There is 

evidence that younger sisters of pregnant adolescent females have more open 

attitudes towards early sexual activities and are themselves more likely to have an 

early first pregnancy (East 1996; Miller, Benson & Galbraith 2001).  Additionally, 

women who have greater kin orientation (number of relatives who are within a 

woman’s three closest non-household friends) have a greater risk of childbirth 

(Mathews & Sear 2010).  Therefore, there is evidence that sisters influence aspects 
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of reproductive behaviour, so it is possible that sisters may also influence mating 

strategy.  However, more research is needed to tease apart these mechanisms. 

 

Effect of childhood resource availability on child spacing  

Controlling for ACE score (a measure of the psychosocial environment in early 

childhood), women with below average natal family socioeconomic status (FSES), 

compared to women with average or above average FSES, had higher scores for 

child spacing, indicating longer average inter-birth intervals.  Given that 

psychosocial stress has been controlled for, it is likely that FSES measures resource 

availability and food stress.  The bioassay introduced by Ellison (1990) states that 

under poor nutritional environments, sexual maturation will be delayed and 

ovarian function is impaired.  Given that life history theory predicts that delayed 

timing of sexual maturation is associated with slower reproduction (longer inter-

birth intervals) (Stearns 1983), it can be hypothesised that individuals who exhibit 

delayed sexual maturation due to low resource availability may also exhibit longer 

spacing between their children, as was seen in this study.  Additionally, if 

individuals with low childhood SES retain low SES into adulthood, then low 

resource availability as adults may result in impaired ovarian function and thus 

larger spacing between children may be observed due to difficulties becoming 

pregnant.  A study of Egyptian women investigated the effect of socioeconomic 

factors on duration between first and second birth (Baschieri & Hinde 2007).  

Using educational attainment as a measure of adult SES, women with the highest 

level of education had shorter inter-birth intervals than uneducated women 

(Baschieri & Hinde 2007); women with higher education had 44% higher relative 

risk of conception (Baschieri & Hinde 2007).  In addition, 50% of the women with 

the highest level of education had given birth to their second child within 22 

months, whilst for women with secondary education this occurred within 24 

months (Baschieri & Hinde 2007).  In this study, there was also a correlation 

between no post-secondary education and longer child spacing, but once placed in 

the model with ACE score and FSES, education dropped from the analyses.  Women 

with higher adult SES and educational attainment may have children more rapidly 

because good nutrition results in better ovarian function and/or they choose to 

have their children closer together so they can go back to work sooner.  Therefore, 

natal family SES may influence child spacing through nutritional stress in 
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childhood (resulting in reduced ovarian function) and/or through its impact on 

adult SES, with associated resource availability and educational opportunities, or 

lack there of.  
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Chapter 7: Structural equation modeling to assess factors 

influencing endometrial cancer risk 

 

 

 

The aim of Chapter 7 is three-fold.  Firstly it identifies the early childhood 

environmental measures, reproductive behaviours and lifestyle factors that 

influence endometrial cancer risk.  An initial structural equation model is then 

established based on the relationships determined in Chapter 6 and the first part 

of Chapter 7.  Secondly, using Mplus to perform structural equation modeling, the 

initial full model is systematically modified using 1) modification indices and 2) 

removing non-significant parameter coefficients (or paths).  Finally, both the 

original full model (referred to as Model 1) and the resultant full model (referred 

to as Model 2) are validated using an independent data set (the 30% data subset, n 

= 205 parous women) to test which model can be better generalised to a wider 

population. 

 

 

Model development: Part 2 

 

Using the 70% subset of 463 parous women, correlations between the childhood 

environment, reproductive behaviours, lifestyle variables and endometrial cancer 

status were performed.  Specific variables included in this analysis were discussed 

in Chapter 3 with the exception of age at menopause.  As not all women had 

reached menopause, and because years of menstruation or reproductive lifespan 

(time between menarche and menopause) have been found to influence 

endometrial cancer risk (Wernli et al. 2006), an additional continuous variable was 

created called length of reproductive lifespan (number of years between menarche 

and menopause, or current age if the woman was pre-menopausal).  This 

continuous variable does not take into account the number of pregnancies or 

hormonal contraceptive use, as the effect of these on endometrial cancer risk is 

assessed independently.  Length of reproductive lifespan replaces age at 
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menopause and avoids methodological problems associated with pre-menopausal 

women.  

 

Endometrial cancer status was correlated with three childhood measures, four 

reproductive behaviour measures, and four lifestyle variables (Table 7.1). 

 

Table 7.1: Spearman’s rho correlation coefficient and significance for the 

relationship between each early life variable and endometrial cancer status. 

 Spearman’s rho P-value 
ACE score   0.034 0.465 
Death of a family member    0.012 0.801 
Mother absence   0.023 0.621 
Father absence   0.019 0.684 
Overall quality of family life -0.020 0.668 
Parental marital happiness   0.050 0.286 
Relation with mother -0.018 0.705 
Relation with father -0.009 0.854 
Laterborn -0.084 0.070 
Middleborn   0.002 0.957 
Number of elder brothers -0.114 0.014 
Number of elder sisters -0.089 0.056 
Number of younger brothers   0.066 0.159 
Number of younger sisters   0.074 0.110 
Age at menarche -0.095 0.042 
‘Short-term mating strategy’ -0.127 0.006 
‘Early onset of sexual activity’   0.023 0.615 
‘Reproductive output’   0.020 0.675 
‘Timing of childbearing’ -0.154 0.001 
‘Breastfeeding’ -0.121 0.009 
‘Child spacing’ -0.051 0.271 
Length of reproductive lifespan   0.041 0.375 
Smoke in home -0.044 0.348 
Low-FSES   0.066 0.153 
High-FSES -0.092 0.048 
Post-secondary education -0.056 0.232 
Smoking status at diagnosis -0.129 0.006 
Hormonal contraceptive use -0.113 0.015 
Adult BMI   0.151 0.001 
HRT use -0.003   0.953 
Age   0.066   0.156 

Bolding indicates significance of 10% or less 
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Variables that exhibited at least a trend correlation (p < 0.10; Table 7.1) with 

endometrial cancer status were then included in logistic regression models using 

backwards variable-selection as outlined in Chapter 3.  The final model provided 

below, shows all variables that influenced endometrial cancer status 

independently.   

 

Endometrial cancer status = – number of elder brothers – high-FSES – age at menarche  

 – ‘short-term mating strategy’ – ‘timing of childbearing’  

 – ‘breastfeeding’ – smoking status at diagnosis  

 – hormonal contraceptive use + adult BMI 

 

For each additional elder brother, a woman’s odds of endometrial cancer 

decreased by 27.0% (Table 7.2).  Women from wealthier than most families had 

57.2% lower odds of endometrial cancer compared to women from average or 

below average wealth families (Table 7.2).  For every year increase in age at 

menarche there is a 16.4% decrease in odds of endometrial cancer (Table 7.2).  For 

each unit increase in the factor ‘short-term mating strategy’ there was a 2.6% 

reduction in odds of endometrial cancer (Table 7.2).  For each unit increase in the 

factor ‘timing of childbearing’ there was a 6.7% decrease in odds of endometrial 

cancer (Table 7.2).  For each unit increase in the factor ‘breastfeeding’ there was a 

2.0% reduction in odds of endometrial cancer (Table 7.2).  For example, if you 

compare two women who are exactly the same in all respects, except one woman 

breastfed for 12 months and the other woman never breastfed, the woman who 

breastfed has a factor score that is 12.296 (1.016 + 12 x 0.940; See factor loadings 

in Table 5.2) units higher than the woman who never breastfed.  Therefore, the 

woman who breastfed for 12 months has a 24.6% (2 x 12.296) reduction in odds of 

endometrial cancer compared to the woman who never breastfed.  Current 

smokers at the time of cancer diagnosis, compared to former smokers or non-

smokers, had 81.7% lower odds of endometrial cancer (Table 7.2).  Women who 

used hormonal contraception had 52% lower odds of endometrial cancer than 

women who had never used hormonal contraception (Table 7.2).  The odds of 

endometrial cancer increased by 6.2% for every unit increase in a woman’s BMI in 

her forties (Table 7.2).  
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Table 7.2:  Odds ratio with 95% confidence interval and significance level, for each 

variable in the final model for endometrial cancer status.  The effect of each 

variable accounts for all other variables in the model.  

 Odds Ratio 95% CIOR P-value 

Number of elder brothers 0.730 0.573 - 0.930 0.011 

High-FSES 0.428 0.202 - 0.904 0.026 

Age at menarche 0.836 0.704 - 0.992 0.040 

‘Short-term mating strategy’ 0.974 0.954 – 0.994 0.013 

‘Timing of childbearing’ 0.933 0.884 – 0.984 0.010 

‘Breastfeeding’ 0.980 0.963 – 0.998 0.026 

Smoking status at diagnosis 0.183 0.053 – 0.636 0.008 

Hormonal contraceptive use 0.480 0.287 – 0.802 0.005 

Adult BMI 1.062 1.020 – 1.106 0.003 

Although some of the odds ratios appear quite close to one, they represent the odds for every unit 
increase (or decrease if negative) in the independent variable.  For the three reproductive factors 
the odds ratio is a unit change in a factor score, which is best interpreted in relation to the factor 
loadings provided in Table 5.2 (See Chapter 3 for more details).  

 

The initial model, referred to as Model 1, based on the regression analyses from 

Chapter 6 and the first part of Chapter 7 (provided above), is presented in Figure 

7.1.  Path diagrams display the relationships between variables, whereby arrows 

point from an independent variable to an outcome or dependent variable. 
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Figure 7.1: Model 1; created using 

regression analyses on the 70% 

data subset. Numbers represent 

the parameter coefficients (B 

values), and indicate the 

independent contribution of each 

independent variable to the 

prediction of the dependent 

variable and the direction of 

relationship.   Path colour 

indicates the dependent variable.  

* p-value < 0.05, ** p-value < 

0.001.  Measures in ‘rectangles’ are 

observed variables.  Measures in 

‘ovals’ are factors derived from 

multiple observed variables (See 

Chapter 5; Milne & Judge 2012). 
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Model modification 

 

The first modification made to Model 1 was to add a correlation (or ‘WITH’ in 

Mplus terms) path between ‘breastfeeding’ and ‘reproductive output’, as this had 

the highest modification index (MI = 40.201; Table 7.3).  This modification 

improved the model fit (∆χ2(1) = 40.223, p < 0.001, AIC & BIC decreased; Table 7.3).  

The second highest modification index required the addition of a correlation path 

between ‘short-term mating strategy’ and ‘early onset of sexual activity’ (MI = 

15.311; Table 7.3); this further improved the model fit (∆χ2(1) = 15.515, p < 0.001, 

AIC & BIC decreased; Table 7.3).  The third highest modification index required the 

addition of a correlation path between ‘child spacing’ and ‘reproductive output’ 

(MI = 14.990; Table 7.3), which again improved the model fit (∆χ2(1) = 15.126, p < 

0.001, AIC & BIC decreased; Table 7.3).  There were no more high modification 

indices that made theoretical or logical sense.  For example, the next largest 

modification index suggested regressing ‘early onset of sexual activity’ on 

endometrial cancer status, thereby suggesting that whether an individual develops 

endometrial cancer in later life influences their age at first sexual activity.  This of 

course does not make sense as endometrial cancer is usually diagnosed much later 

in life.   

 

The significance of each parameter coefficient was then examined.  The largest p-

value (highest non-significance) belonged to the parameter coefficient for ACE 

score influencing ‘short-term mating strategy’ (p-value = 0.426; Table 7.3).  This 

path was removed and the model fit improved (∆χ2(1) = 0.537, p = 0.464).  Although 

AIC decreased, BIC increased slightly (Table 7.3), this is an indication that a 

parsimonious model fit has been achieved, and further modifications to the model 

are not recommended; this resulting model was named Model 2 (Figure 7.2). 
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Table 7.3: Model fit information for Model 1, and at each step to Model 2.  The 

specific modification at each step is noted along with the modification index (MI) 

or parameter coefficient significance. 

  
 

χ2(df) 

 
 

AIC 

 
 

BIC 

RMSEA 
90% CI 

(Pclose) 

 
 

CFI 

 
 

TLI 

Model 1 275.121 (122) 327.121 287.396 
.052 

.044-.060 
(.328) 

.547 .450 

Modification a) Add WITH path, ‘breastfeeding’ & ‘reproductive output’ MI = 40.201 

 
234.987 (121) 288.987 247.262 

.045 
.036-.054 

(.820) 
.663 .587 

Modification b) Add WITH path, ‘short-term mating strategy’ & ‘early onset of sexual activity’ 
MI = 15.311 

 
219.472 (120) 275.472 231.747 

.042 
.033-.051 

(.924) 
.706 .637 

Modification c) Add WITH path, ‘child spacing’ & ‘reproductive output’ MI = 14.990 

 
204.346 (119) 262.346 216.621 

.039 
.030-.048 

(.975) 
.747 .686 

Modification d) Remove path from ACE score to ‘short-term mating strategy’ p-value = 0.426 

Model 2 204.883 (120) 260.883 217.158 
.039 

.030-.048 
(.978) 

.749 .690 

Change in chi-square test of model fit (χ2), Akaike Information Criterion (AIC) and Bayesian 
Information Criterion (BIC) were used to determine if each sequential modification improved the fit 
of the model to the data.  Root mean square error of approximation (RMSEA) less than 0.05 with a 
Pclose (significance test that RMSEA differs from zero) greater than 5% indicates a good model fit.  
The closer to one the Comparative Fit Index (CFI) and the Tucker-Lewis Index (TLI) are, the better 
the model fit. 
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Figure 7.2: Model 2 created by 

modifying Model 1 in Mplus 

using the 70% data subset.  

Numbers represent the 

parameter coefficients (B 

values), and indicate the 

independent contribution of 

each independent variable to 

the prediction of the 

dependent variable and the 

direction of relationship.   Path 

colour indicates the dependent 

variable.  * p-value < 0.05, ** p-

value < 0.001.  Measures in 

‘rectangles’ are observed 

variables.  Measures in ‘ovals’ 

are factors derived from 

multiple observed variables 

(See Chapter 5; Milne & Judge 

2012). 
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Model evaluation 

 

Model 1 and Model 2 were fitted on the 30% data subset (n = 205 parous women).  

Model 1 exhibited fairly poor fit statistics (Table 7.4).  Specifically, Model 1 had a 

RMSEA greater than 0.05, which differed from zero (trend significance).  Model 1 

also had very low scores for CFI and TLI.  Model 2, on the other hand, displayed a 

good RMSEA that did not significantly differ from zero (Table 7.4).  Although Model 

2’s CFI and TLI were also not that good, they were much larger than those of Model 

1 (Table 7.4).  Based on the fit statistics, the modified model (Model 2) derived in a 

step-by-step structural equation model modification process fit the independent 

data subset better than Model 1. 

 

Table 7.4: Fit statistics for Model 1 and Model 2, fitted on the 30% data subset. 

 Model 1 Model 2 

χ2(df) 219.220 (122) 180.577 (120) 

RMSEA 0.062 0.050 

90% CIRMSEA 0.049 – 0.076 0.034 – 0.064 

Pclose 0.065 0.502 

CFI 0.286 0.555 

TLI 0.133 0.451 

*p-values associated with χ2 fit statistics for both Model 1 and Model 2 are significant.  
However, this is expected given that the sample sizes are greater than 200.  

 

 

Value of structural equation modelling 

 

Structural equation modeling (SEM) is a powerful extension of path analyses and 

allows one to investigate latent traits or factors (Streiner 2006).  SEM assesses the 

magnitude and direction of effects between variables (Meuleners et al. 2003) and 

thus provides an insight into the relationships between a range of factors that 

influence the outcome being modeled (van Dick & Wagner 2001).  One advantage 

of SEM over other modeling type analyses is that it is able to model the 

relationships between multiple dependent variables at once (Chin 1998).  
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Furthermore, SEM has the advantage of having a high degree of flexibility with 

respect to assumptions made about the type of data, and therefore can be used to 

model a range of data types (Meehan & Stuart 2007).   

 

SEM also allows investigation of the impact of individual model components while 

concurrently evaluating overall model fit (Meehan & Stuart 2007).  This approach 

has recently been employed by Belsky, Schlomer and Ellis (2012) to investigate the 

effect of the childhood environment and maternal behaviour with adolescent 

sexual activity.  The current study goes the next step to determine the impact of 

both the childhood environment and reproductive behaviours on a later life 

disease risk, in this case endometrial cancer.  In addition to providing the first 

structural model that predicts the relationships between early childhood, 

reproductive history and endometrial cancer risk, this research also evaluates the 

validity of this model by testing it on an independent subset of the data.  

Consequently, the current findings represent the first validated life course model 

of the effect of the early childhood environment, reproductive behaviours and 

lifestyle factors on endometrial cancer risk on which future research can expand 

and develop.   

 

Many of the results of this study are in line with previous studies investigating 

factors that influence the risk of endometrial cancer.  Cases, on average, had a 

significantly younger age at menarche, fewer pregnancies, and were less likely to 

have ever breastfed (See Chapter 4).  Furthermore, cases that had breastfed did so 

for a significantly shorter period of time than controls (See Chapter 4).  However, 

age at menopause did not differ for cases and controls (See Chapter 4).  This may 

be due to the definition of age at menopause used here, which included non-

natural causes of menopause such as hysterectomy, oophorectomy and 

chemotherapy.  In the regression analyses and full structural equation models, as 

expected, women with an earlier age at menarche, earlier reproductive timing, 

lower breastfeeding, non-smoking status at diagnosis, higher adult BMI and who 

had never used hormonal contraception were at an increased risk of endometrial 

cancer.  The fact that these results concur with numerous previous studies 

(Akhmedkhanov, Zeleniuch-Jacquotte & Toniolo 2006; Fujita et al. 2008; Purdie & 

Green 2001; Rowlands et al. 2011; Trentham-Dietz, Nichols & Newcomb 2006; 
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Wernli et al. 2006) validates this study and indicates that this sample is a normal 

representation of women with and without endometrial cancer.  This statistical 

approach to investigating factors that influence endometrial cancer risk also 

highlighted exciting new factors that influence later life risk of endometrial cancer.  

These included mating behaviours, family composition (specifically number of 

elder brothers) and resource availability in childhood (measured by natal family 

socioeconomic status).  The potential mechanisms underlying why these factors 

influenced the risk of endometrial cancer are discussed in Chapter 8.  
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Chapter 8: Global discussion 

 

 

 

The most commonly accepted hypothesis for the aetiology of endometrial cancer is 

referred to as the “unopposed oestrogen” hypothesis (Dossus et al. 2010; 

Karageorgi et al. 2010).  The argument is that exposure to high levels of oestrogen, 

unopposed by progesterone, results in higher rates of mitotic activity in the 

endometrium, thereby resulting in a greater chance of cancerous mutations 

occurring and potentially leading to the development of endometrial cancer 

(Dossus et al. 2010; Karageorgi et al. 2010).  Another possible mechanism that may 

result in increased endometrial cancer risk is that of “progesterone deficiency” 

(Key & Pike 1988; See Chapter 2; Milne et al. 2011).  There is evidence of an 

‘effective upper limit’ of oestrogen (Key & Pike 1988), and low levels of 

progesterone result in a prolonged proliferative phase of the endometrium.  This 

suggests, that rather than an excessively high mitotic rate of endometrial cells, it is 

the longer duration of mitotic activity that increases the risk of endometrial cancer 

(See Chapter 2; Milne et al. 2011).  Both these hypotheses (and they may not be 

mutually exclusive) propose that lifestyle and reproductive factors that influence 

oestrogen and progesterone exposure are likely to be predictive of endometrial 

cancer risk.  Therefore, factors that increase overall natural menstrual lifespan 

(through increased numbers of menstrual cycles and/or decreased pregnancy and 

lactational time) will result in an increased risk of endometrial cancer (See Chapter 

2; Milne et al. 2011).   
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Impact of lifestyle factors on endometrial cancer risk 

 

Adult BMI 

Obesity has been shown to increase endometrial cancer risk (Hosono et al. 2011; 

Trentham-Dietz, Nichols & Newcomb 2006; Zhang et al. 2010).  The results from 

the final structural equation model concur with these previous findings.  When 

controlling for other lifestyle and reproductive factors in the model, women with 

higher adult BMI had higher odds of endometrial cancer.  Post-menopausal obese 

women have higher levels of bioavailable oestrogens and lower levels of sex 

hormone-binding globulin (Davidson et al. 1981).  Adipose tissue expresses 

aromatase, which converts androgens to oestrogens (Kaaks, Lukanova & Kurzer 

2002). Therefore, in post-menopausal women, obesity results in greater exposure 

to oestrogen even after ovarian production halts.  Furthermore, for pre-

menopausal women, obesity is associated with hormone disturbances and more 

anovulatory cycles (Rogers & Mitchell 1952) resulting in progesterone deficiency 

(Trentham-Dietz, Nichols & Newcomb 2006).  Consequently both pre- and post-

menopausal obesity are associated with increased risk of endometrial cancer, 

either or perhaps concomitantly, through the “unopposed oestrogen” and 

“progesterone deficiency” mechanisms.  

 

Smoking 

Current smokers at time of diagnosis were at lower odds of endometrial cancer 

than women that never smoked or former smokers (after controlling for all other 

variables in the model).  Rather than current smoking being associated with a 

reduced risk of endometrial cancer, it may be that current smokers were at an 

increased risk of ‘other’ cancers, as the control group included women with non-

reproductive cancers.  Two thirds of the control cancers were made up of skin 

cancers (33.5%) and colorectal cancer (29.9%).  Smoking increases the risk of 

colorectal cancer by 2-3 times (Giovannucci 2001).  However, smoking only 

increases the risk of cutaneous squamous cell carcinoma, not basal cell carcinoma 

or malignant melanoma (De Hertog et al. 2001; Leonardi-Bee, Ellison & Bath-

Hextall 2012) and only two control women (0.26%) had squamous cell carcinoma.  
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Therefore, the control cancers as a whole do not consistently display an 

association with smoking.   

 

The alternative explanation is that there is a protective effect of smoking on risk of 

endometrial cancer.  Smoking has been suggested to have an antioestrogenic effect 

(Terry et al. 2002).  Although no consistent difference in blood oestrogen levels for 

smokers versus non-smokers has been found (Terry et al. 2002), when oestrogen 

is administered orally, smokers had lower blood oestrogen levels than non-

smokers (Jensen & Christiansen 1988), suggesting that smoking may impact the 

metabolism or absorption of hormones (Terry, Miller & Rohan 2002).  

Alternatively, the reduction in endometrial cancer risk for smokers may be due to 

the fact that smokers exhibit a younger age at menopause (Terry, Miller & Rohan 

2002).  However, in this study there was no difference in age at menopause for 

cases and controls.  This provides some evidence that current smokers have 

reduced odds of endometrial cancer compared to former smokers or women who 

never smoked, when controlling for other lifestyle and reproductive factors.  

However, qualitative measures, such as the one employed here, are limited as 

other aspects including duration, intensity or timing of smoking are not accounted 

for.  Furthermore, the fact that only small numbers of women reported smoking at 

time of diagnosis (n = 64) is a limitation of this study, and future research into the 

association between smoking status and endometrial cancer risk is needed. 

 

Exogenous hormones  

Combined hormonal contraception provides protection against developing 

endometrial cancer (Cibula et al. 2010; Dossus et al. 2010).  This study supports 

these findings; women who never used hormonal contraception had an increased 

risk of endometrial cancer compared to women who had used hormonal 

contraception at some point in their lives.  This was expected, as combined 

hormonal contraceptive use exposes women to both progestogen and oestrogen 

throughout their menstrual cycle, as opposed to experiencing oestrogen peaks 

unopposed by progesterone (Dossus et al. 2010).  Another vehicle for exogenous 

hormonal exposure is through hormone replacement therapy (Henderson & 

Feigelson 2000).  Although many studies have found an association between 

endometrial cancer risk and hormone replacement therapy (Akhmedkhanov, 
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Zeleniuch-Jacquotte & Toniolo 2006; Newcomb & Trentham-Dietz 2003; Pike & 

Ross 2000; Voigt et al. 1991; Weiderpass et al. 1991), the current study did not 

replicate these result.  Perhaps because the methodology employed could not 

separate women who had oestrogen only (ERT) versus combined (HRT) hormone 

replacement therapy.  Alternative influences have been suggested for hormone 

replacement therapy with and without progestins (Newcomb & Trentham-Dietz 

2003; Weiderpass et al. 1991). 

 

 

Impact of reproductive events and behaviours on endometrial 

cancer risk 

 

Age at menarche 

As expected (Wernli et al. 2006; Xu et al. 2004) younger age at menarche resulted 

in increased risk of endometrial cancer.  Given that age at menopause did not 

differ, a younger age at menarche suggests a longer menstrual lifespan.  However, 

length of reproductive lifespan did not influence endometrial cancer risk.  Apter & 

Vihko (1983) found that girls reaching sexual maturation before the age of 12yrs 

had higher serum oestradiol levels and faster onset of ovulatory cycles than girls 

with later menarche.  This suggests that not only does early menarche result in 

higher oestrogen exposure, but also more ovulatory cycles regardless of overall 

length of reproductive life.  This suggests that there may be an effect of early 

timing of exposure (rather than, or in addition to, prolonged exposure).  This 

question arises out of these results and indicates a need for more research.   

 

Breastfeeding 

Women with a lower score for ‘breastfeeding’ (lower total breastfeeding duration 

across all births) had an increased risk of endometrial cancer.  Hormone exposure 

during breastfeeding is lower than during normal cycling, and the decrease in 

oestrogen levels is greater than that for progesterone levels (Rosenblatt & Thomas 

1995).  Additionally, duration of breastfeeding per pregnancy was associated with 

time elapsed before menstrual cycling resumed after a birth (for the first child r = 
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0.438, p < 0.001, n = 269, this relationship is also evident for later births but 

sample size decreased).  Therefore, the negative association between 

breastfeeding and endometrial cancer risk can be explained by the reduction in 

hormone exposure and number of cycles for women who breastfed.   

 

Reproductive timing  

Other timing events that influence endometrial cancer risk are that of onset and 

cessation of childbearing (Kvale, Heuch & Ursin 1988).  A later age at first birth has 

been associated with a decreased risk of endometrial cancer (Lambe et al. 1999); 

women who had their first birth after the age of 30 years had a 38-40% decrease in 

endometrial cancer risk, relative to women whose first birth was in their teens 

(Hinkula et al. 2002; Wernli et al. 2006).  However, in the literature the negative 

relationship between age at first birth and endometrial cancer risk is not 

consistent -- some studies find no association (Dossus et al. 2010; Parazzini et al. 

1998).  On the other hand, older age at last birth (Karageorgi et al. 2010; Lesko et 

al. 1991) and reduced time since last birth (Albrektsen et al. 1995; Dossus et al. 

2010; Hinkula et al. 2002; Parazzini et al. 1998) are consistently associated with a 

decreased risk of endometrial cancer.  This relationship remains significant after 

controlling for parity and age at first birth (Karageorgi et al. 2010).  The current 

study found that women who displayed delayed ‘timing of childbearing’ (both 

early onset and cessation of reproduction) had a decreased risk of endometrial 

cancer.  It may be that during the birth process desquamation of the endometrium 

occurs, thus removing any malignant or premalignant epithelial cells that may be 

present (Dossus et al. 2010; Lambe et al. 1999).  Therefore, a shorter time since 

last birth, or conversely an older age of last birth, provides a protective effect as 

removal of potentially malignant endometrial cells has occurred more recently.  

Alternatively, women who are able to have births in later life may have had fewer 

anovulatory cycles (which are common during later life) and therefore were not 

exposed to progesterone deficiency in later reproductive life (Lambe et al. 1999).  

In addition, progesterone levels during pregnancy rise to nearly 20 times that of 

normal cycling (Lambe et al. 1999).  Older pregnant women would thus be exposed 

to high levels of progesterone, compared with women beginning peri-menopause 

and experiencing anovulatory cycles (progesterone deficiency).  Therefore, having 

an older age at last birth would provide relative protection from endometrial 
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cancer development due to: 1) fewer anovulatory cycles (relatively less 

progesterone deficiency than other [peri-menopausal] women) and 2) exposure to 

higher progesterone levels through their pregnancy. 

 

Mating strategy 

Women displaying more long-term mating behaviours (fewer partners with longer 

average duration of relationship) were at higher odds of endometrial cancer than 

women displaying more short-term mating behaviours (more partners with 

shorter average duration of relationships), controlling for other reproductive 

behaviours and lifestyle factors.  This influence may be due to differing exposure to 

lifetime testosterone levels for women displaying short-term versus long-term 

mating behaviours.  Although testosterone is a precursor for oestrogen (aromatase 

converts androgens into oestrogen) (Boman et al. 1993), there is evidence that 

testosterone exerts a mild antagonistic effect on the impact of oestrogen on 

endometrial tissue (Wood, Lees & Cline 2009), and it has an anabolic effect 

through androgen receptors, resulting in an overall antioestrogenic effect (Boman 

et al. 1993). 

 

An in vitro study by Tuckerman et al. (2000) found that higher concentrations of 

androstenedione resulted in reduced secretory activity (measured by glycodelin A 

production) and growth (measured by 3H-thymidine uptake).  Moreover when 

cyproterone acetate (androgen receptor antagonist) was also added, the inhibitory 

effects of androstenedione were reversed (Tuckerman et al. 2000).  Therefore, 

there is evidence in vitro of androgens resulting in reduced endometrial secretory 

activity and growth (Tuckerman et al. 2000).  Additionally, when oestrogen-

responsive, well-differentiated, established human endometrial carcinoma were 

transplanted into male nude mice, androgen (androstenedione and testosterone) 

excess did not influence the fraction of cells in the synthetic phase and thus did not 

promote tumour growth (Legro et al. 2001).   

 

Cynomolgus monkeys (Macaca fascicularis) given oestrogen, progesterone and 

testosterone displayed a smaller increase in endometrial thickness and percentage 

of endometrial glandular area after 16 weeks, compared to those given only 

oestrogen and progesterone, although this difference was not significant (Wood, 
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Lees & Cline 2009).  Ki67 (a protein used as an indicator of proliferation and 

correlated with degree of mitotic activity; Zang et al. 2007), had significantly lower 

expression in monkeys given oestrogen, progesterone and testosterone compared 

to those given only oestrogen and progesterone (Wood, Lees & Cline 2009).  There 

was also evidence that only a minimal amount of testosterone was aromatized into 

oestrogen (Wood, Lees & Cline 2009).  Therefore, there is evidence in primates 

that testosterone displays an antioestrogenic effect, and thus may reduce the risk 

of endometrial cancer. 

 

In a study examining post-menopausal human females, women were randomly 

assigned to one of three treatment groups; testosterone only (n = 21), oestrogen 

only (n = 22), or combined oestrogen and testosterone (n = 20) (Zang et al. 2007).  

Women in the testosterone only group displayed no change in endometrial 

thickness or proliferation after three months of treatment, while women in the 

other two groups experienced significant structural changes (Zang et al. 2007).  

The percentage of Ki67 positive cells in endometrial glands and stroma were 

highest in the oestrogen only group, and lowest in the testosterone only group 

(Zang et al. 2007).  Furthermore, the percentage of Ki67 positive cells were 

significantly higher in the oestrogen only group compared to the combined 

oestrogen and testosterone group (Zang et al. 2007).  Therefore, there is evidence 

that testosterone may actually inhibit the effect of oestrogen on endometrial tissue 

(Legro et al. 2001; Tuckerman et al. 2000; van Staa & Sprafka 2009; Wood, Lees & 

Cline 2009; Zang et al. 2007).  Consequently, if women with varying mating 

strategies display differing exposure to lifetime testosterone levels then it may be 

concluded that the relationship between mating strategy and endometrial cancer 

risk is mediated through testosterone exposure.   

 

Women who were in the first six months of a relationship and reported falling ‘in 

love’ had higher testosterone levels than single women or women in long-term 

(mean duration = 6728 months) relationships (Marazziti & Canale 2004).  

Additionally, 12-28 months later, this hormone difference was not observed for 

women that remained with the same partner (Marazziti & Canale 2004).  This 

indicates that being in the early stages of a relationship results in increased 

testosterone, rather than being ‘in love’ per se.  Perhaps due to stress associated 
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with starting a new relationship (cortisol levels were also higher in these women; 

Marazziti & Canale 2004), or increased frequency of sexual activity during pair-

bonding (Kleiman 1977; Morris 1969) leading to higher testosterone (van Anders 

& Dunn 2009).  Women displaying more short-term mating behaviours would, by 

definition, be involved in more new relationships and therefore may have higher 

lifetime testosterone levels.   

 

Single women have higher testosterone levels than women in long-term 

relationships (van Anders & Watson 2007).  Women displaying a short-term 

mating strategy would be single more often, as mate changes may result in periods 

of time searching for a new mate.  This is true in this study; women displaying a 

more short-term mating strategy had shorter total duration of time spent in 

relationships (mean difference 12 years, p < 0.001).  Van Anders and Watson 

(2007) also found that women who lived with their partners had lower 

testosterone than women whose partner lived in the same city, but not with them; 

however, this did not reach statistical significance possibly due to the small sample 

size (van Anders & Watson 2007), especially if effect sizes are small.  Women in 

long-term committed relationships are more likely to live with their partners, and 

thus would have lower testosterone levels than women exhibiting a short-term 

mating strategy.  Moreover, women currently in polyamorous relationships 

(having multiple partners) had significantly higher testosterone levels than single 

women or women with one partner (van Anders, Hamilton & Watson 2007).  

Higher testosterone was also associated with having more partners in the past 

year and expecting more partners over the next five years (van Anders, Hamilton & 

Watson 2007).  Thus, one expects women displaying a short-term mating strategy 

to have higher testosterone than women displaying a long-term mating strategy.  

In this population, these women with a more short-term mating strategy displayed 

increased risk of endometrial cancer.  Therefore, perhaps the mechanism 

underlying this relationship is through increased lifetime exposure to testosterone.  

However, more research is needed to further investigate this potential mechanism.  

 



Chapter 8 

 128 

Reproductive output 

Unexpectedly, ‘reproductive output’ did not influence endometrial cancer risk.  

This may be because even though cases and controls differed in terms of number 

of pregnancies, they did not significantly differ in terms of numbers of children 

(See Chapter 4), and ‘reproductive output’ loaded more highly on number of 

children than on number of pregnancies.  However, when comparing nulliparous 

to parous women, nulliparous women were at a significantly higher risk of 

endometrial cancer than parous women (See Chapter 4).  Moreover, when 

investigating nulliparous women further, women who had never had sex or never 

been pregnant were at an increased risk of endometrial cancer relative to women 

who had been pregnant but never had children (See Chapter 4).  Although this 

analysis was performed on a small sample, it provides evidence of a protective 

effect for each pregnancy regardless of whether it is carried to term.  Further 

research could investigate this relationship, specifically focusing on the impact of 

pregnancy length, or overall time pregnant on endometrial cancer risk. 

 

 

Early life directly influences endometrial cancer risk 

 

Natal family socioeconomic status 

Women with high natal family socioeconomic status had a lower risk of 

endometrial cancer, controlling for other lifestyle and reproductive factors in the 

final model.  Natal family socioeconomic status may represent a measure of 

resource availability, including access to nutrition and health care.  Previous 

studies have discussed the relationship between poor childhood socioeconomic 

status and adult health (Brunner 1997; Power & Hertzman 1997; Power, Manor & 

Matthews 1999).  The negative effect of poor early socioeconomic status (from 

birth) continues to impact adult health even after controlling for socioeconomic 

status at adolescence and early adulthood (Power, Manor & Matthews 1999).  

Furthermore, there is much research and discussion concerning the impact of 

resource availability in utero on adult disease risk, which is known as the 

developmental origins of health and disease (DOHaD) paradigm (Barker 2004; 
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Gluckman & Hanson 2007; Gluckman, Hanson & Beedle 2007; Godfrey & Barker 

2000; Hanson & Gluckman 2005; Hanson & Gluckman 2008; Hochberg et al. 2011; 

Wadhwa 2009).  Many adult diseases including stroke, hypertension (Barker et al. 

2007), coronary heart disease (Barker 2007; Osmond et al. 2007), diabetes 

(Osmond et al. 2007) and cancer (particularly of the breast) (Barker et al. 2007; 

Painter et al. 2006) have been associated with stressful environments in utero or 

early life.  Therefore, it is not inconceivable that average or below average natal 

family socioeconomic status, as a measure of childhood resource availability, 

would increase the risk of endometrial cancer in later life, as was observed in this 

study.  

 

Number of elder brothers 

One aspect of family composition significantly influenced endometrial cancer; 

women with more elder brothers were at a lower risk of endometrial cancer.  In a 

previous Australian study, the presence of elder brothers delayed sexual 

maturation in their sisters (Milne & Judge 2011) and delayed menarche is 

associated with reduced endometrial cancer risk (Fujita et al. 2008).  Therefore, it 

might appear that the relationship between number of elder brothers and 

endometrial cancer risk is actually mediated through age at menarche.  However, 

age at menarche was controlled for in the structural model, indicating a different 

mechanism underlying the relationship between number of elder brothers and 

endometrial cancer risk.  Sons are more costly than daughters to their mothers 

(Helle, Lummaa & Jokela 2002; Low 1991; Mace & Sear 1997; Marsal et al. 1996; 

Tamimi et al. 2003).  There is evidence that this cost results in reduced investment 

in later-born children; females (Nielsen et al. 2007; Rickard 2008) and males 

(Blanchard & Ellis 2001; Cote, Blanchard & Lalumiere 2003; Nielsen et al. 2007; 

Rickard 2008) with elder brothers have reduced birth weights compared to those 

with elder sisters.  This cost, in terms of birth weight, to later-born siblings, is 

intensified with increasing numbers of elder brothers; females with one, two or 

three elder brothers weighed 17g, 21g or 47g less, respectively, compared to 

females with no brothers (Nielsen et al. 2007).  This cost has also been shown to 

continue into adulthood; individuals (regardless of sex) with elder brothers had 

reduced adult height and weight (Rickard 2008).  However, when controlling for 

height, adult weight no longer significantly differed (Rickard 2008).  One may 
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conclude that the decreased risk of endometrial cancer for women with more elder 

brothers may be due to reduced BMI in adulthood; however, adult BMI was 

controlled for in this analysis.  Therefore, again there is another mechanism 

through which number of elder brothers influences endometrial cancer risk in 

addition to BMI mediated effect. 

 

A possible explanation is that number of elder brothers increases the risk of ‘other’ 

cancers, rather than reducing the risk of endometrial cancer.  However, this is 

unlikely based on the results of a recent study.  Bevier et al. (2011) investigated 

the influence of birth order and family size on the risk of developing a variety of 

different cancer types, including endometrial, skin and colorectal cancers.  Both 

increased birth order and family size were associated with decreased risk of skin 

cancers (which makes up 33.5% of my controls) and endometrial cancer (Bevier et 

al. 2011).  Furthermore, colorectal cancer (which makes up 29.9% of my controls) 

was not associated with either family size or birth order (Bevier et al. 2011).  

Therefore, the control cancers as a whole do not consistently display an 

association with family composition.  Furthermore, by focusing on the sex 

composition of siblings, risk of endometrial cancer can be discerned from risk of 

other cancers.   

 

If boys are more costly than girls in utero, even for contemporary low-parity 

mothers (Marsal et al. 1996; Tamimi et al. 2003), then perhaps the effect of family 

size on endometrial cancer risk is largely mediated by number of brothers 

previously born to the woman’s mother.  Jasienska et al (2005; 2006) found that 

smaller size at birth correlated with lower adult oestradiol levels.  Since females 

born after sons have smaller birth weight (Marsal et al 1996), they may have lower 

adult oestradiol levels, and thus, reduced risk of endometrial cancer.    Another 

potential mechanism underlying the impact of elder brothers on later-born 

siblings’ intra-uterine growth is that of maternal immune response to male-specific 

minor histocompatible H-Y antigens (Cote, Blanchard & Lalumiere 2003; Nielsen et 

al. 2007; Verdijk et al. 2004).  Anti H-Y antigens have been demonstrated in 

maternal blood up to 22 years after last delivery (Verdijk et al. 2004).  

Testosterone from a male foetus has also been shown to pass into the maternal 

blood stream during pregnancy; women pregnant with a son displayed 
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testosterone levels that gradually increased throughout gestation, while 

testosterone levels of women pregnant with a daughter decreased after the first 

trimester (Meulenberg & Hofman 1991).  Perhaps there is some long lasting effect 

on mothers that impacts daughters born after a son, with the impact cumulative 

over increasing numbers of elder brothers, whereby maternal hormone milieu 

influences later-born daughters throughout life via prenatal programming (or 

“epigenetic effects”).  This is speculative, but suggests new directions for research 

to determine if the relationship between increased numbers of elder brothers and 

reduced endometrial cancer risk has a prenatal origin. 

 

 

Significance of study 

 

This is the first time structural equation modelling has been used to investigate the 

impact of female human life history, including childhood environment and 

reproductive trajectory, on later life disease outcome.  Recently, Belsky, Scholmer 

& Ellis (2012) used structural equation modelling to investigate the impact of the 

childhood environment and maternal behaviours on adolescent sexual behaviour.  

This study goes the next step, and using women with complete reproductive 

histories, investigates their risk of a gynaecological cancer (endometrial cancer).  

Furthermore, this research identifies early childhood factors that play an 

independent role in influencing the risk of endometrial cancer. 

 

This study looked at the effect of the childhood environment and reproductive 

behaviours on endometrial cancer risk compared to women with non-

reproductive, non-endocrine cancers.  Therefore, this was a very conservative 

approach; factors that influence cancer risk overall would not differ between cases 

and controls and thus would be excluded by the analyses.  For example measures 

of adverse childhood events and early life psychosocial stress have been shown to 

influence cancer risk (Felitti et al. 1998), but did not increase the risk of 

endometrial cancer compared to any of the control cancers. 
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Future research directions 

 

This study provides the first model displaying relationships across the life course 

between psychosocial, family composition and reproductive measures on 

endometrial cancer risk, which future studies can use to further develop 

understanding of this common gynaecological cancer.   

 

Limitations of this study included not being able to examine lifestyle factors such 

as alcohol consumption, or medical factors such as family history of cancer or 

medical history of potentially related diseases (e.g. diabetes) due to low variation 

in, or high percentages of missing participant responses (See Chapter 3 for details).  

Therefore, future studies could expand on this research by also investigating the 

effect of these factors on endometrial cancer risk, by specifically targeting 

populations of women with family history of particular cancers (to test for a 

genetic component to endometrial cancer risk) or diseases that may predispose 

women to endometrial cancer. 

 

Future research could also expand on the model developed in this study by 

investigating relationships between the childhood environment (e.g. family 

composition and natal family socioeconomic status) and lifestyle factors 

(educational achievement, adult BMI, hormonal contraceptive use and smoking 

status).  This would enable the examination of the impact of associations between 

endometrial cancer risk factors.  

 

Another direction for future research could be to investigate the direct effect of 

family composition, namely number of elder brothers, on later life endometrial 

cancer risk.  Focussing on the possibility of uterine exposure to testosterone and 

other reproductive hormones would determine whether this is another pathway 

through which changes to a woman’s hormone milieu influences adult disease risk.  

One would have to control for adult reproductive behaviours as these not only 

alter a woman’s risk of developing endometrial cancer, but also alter her lifetime 

hormone exposure. 
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Due to the nature of this study, measures of actual hormone levels were not able to 

be collected.  Although self-reported hirsutism was employed as a proxy for 

hyperandrogenism (Yildiz et al. 2010), cases and controls did not differ.  Perhaps 

using clinically trained staff to determine hirsutism may find some differences.  

This study proposes that testosterone, in addition to oestrogen and progesterone, 

may influence endometrial cancer risk.  Therefore, future studies could aim to 

investigate the specific effects of testosterone exposure throughout life, using both 

proxies for androgen levels (e.g. hirsutism) and actual hormone assays.  

 

Polycystic ovarian syndrome (PCOS) is potentially a major risk factor for the 

development of endometrial cancer (Hardiman, Pillay & Atiomo 2003).  In the 

general population 3-7% of women have PCOS (Brinton et al. 2009; Garruti et al. 

2009), whereas 30% of women with endometrial cancer have PCOS (Meirow & 

Schenker 1996; Purdie & Green 2001).  Furthermore, a recent meta-analysis found 

that women with PCOS are almost three times more likely to develop endometrial 

cancer (OR = 2.70, 95% CI = 1.00 – 7.29) than women without PCOS (Chittenden 

2009).  This may be a direct effect due to hormonal abnormalities (including high 

androgen levels and greater than 1:1 luteinising hormone to follicle stimulating 

hormone ratio) experienced by women with PCOS (Franks 2008), or an indirect 

effect.  The indirect effect could be due to: 1) the impact PCOS has on many 

endometrial cancer risk factors such as nulliparity (Meirow & Schenker 1996), 

and/or 2) the co-morbidity between PCOS and metabolic disorders (e.g. obesity 

and insulin resistance) (Franks 2002).  Unfortunately, only eight women in this 

study reported being diagnosed with PCOS, so I was unable to investigate the 

influence of PCOS on the relationships between early childhood, reproductive 

behaviours, lifestyle factors and endometrial cancer risk.  Interestingly, assuming a 

5% prevalence rate with no association between PCOS and endometrial cancer, I 

expected around five times this number of women to report having PCOS.  Perhaps 

this discrepancy is due to the older age of these women; either, women were 

diagnosed as girls but do not remember, or PCOS may not have been as readily 

diagnosed 50 years ago when these women were going through puberty.  Future 

studies could target recruitment at women diagnosed with PCOS in order to 

determine if, and how, menstrual irregularities and androgen excess influence 

endometrial cancer risk. 
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Overall conclusion 

 

The main aim of this thesis was to determine the relationships between the 

childhood environment, women’s reproductive histories and endometrial cancer 

risk.  Through a series of analyses, this study developed the first model that tests 

these relationships across a woman’s life course.  Furthermore, due to the large 

sample size, the generalisability of this model was tested on an independent 

subset.  Figure 8.1 provides a visual representation of the overall model, including 

the hypothesized mechanisms through which early childhood, reproductive 

behaviours and lifestyle factors influence later life endometrial cancer risk. 

 

 

Figure 8.1: Flow diagram outlining the overall results of this thesis.  The effects of 

the childhood environment, adult reproductive behaviours and lifestyle factors on 

endometrial cancer risk are displayed. Hypothesised hormonal mechanisms are 

also shown in the italicised grey box.   

 

Reproductive and lifestyle factors associated with exposure to oestrogen and 

progesterone influenced endometrial cancer risk.  Factors that resulted in 1) 

increased oestrogen exposure and more natural menstrual cycles or 2) 

progesterone deficiency and decreased pregnancy or lactation time resulted in 

increased endometrial cancer risk.  Possibly, exposure to testosterone during early 
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life and adulthood may also influence endometrial cancer risk.  As predicted, the 

childhood environment influenced endometrial cancer through changes to 

reproductive trajectories and lifetime hormone exposure.  Women with no post-

secondary education had early reproductive timing, which was associated with 

increased endometrial cancer risk.  Furthermore, low psychosocial conflict in 

childhood resulted in women displaying more stable, long-term adult pair-bonds, 

which were associated with an increased the risk of developing endometrial 

cancer.  There was also a direct effect of the childhood environment on 

endometrial cancer risk; both having fewer elder brothers and average or below 

average natal family socioeconomic status were associated with increased 

endometrial cancer risk.  It is possible these relationships are due to uterine 

hormone exposure, early childhood resource availability or other mediating 

factors not yet investigated.  Regardless, the childhood environment has an 

independent influence on endometrial cancer risk, both directly and indirectly.  

The results of this thesis highlight the importance of the childhood environment in 

terms of its impact on adult disease risk directly, and on the adult reproductive 

behaviours and lifestyle factors that mediate this relationship.  Childhood 

conditions set in motion a lifetime trajectory that alters adult behaviours and 

hormonal exposure in adulthood, and thus ultimately influences the risk of later 

life reproductive (hormone sensitive) cancers.  
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From Timothy Threlfall, Principal Medical Officer & Manager, 
Western Australian Cancer Registry, Department of Health 
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The types of questions or concerns the women had included: 
 

 The information sheet had a sentence saying “you have been identified 
through the WA Cancer Registry as having a cancer record since 2000”, 
many women thought this meant that they had been diagnosis with cancer 
in 2000, when it actually meant anytime after 2000.  Once explained women 
were happy, but this just highlights the need for careful grammar checking. 
 

 Many controls called saying that they have not had cancer (thinking uterine 
cancer as per the study title) however, when asked about skin cancers or 
melanomas the large majority admitted to having this form of cancer and 
were happy. 
 

 Some calls were from husbands or children of the women saying that their 
wife/mother had passed away. 
 

 Some women called as the ACE panel upset them.  When explained why this 
was in the questionnaire some women were happy and completed the 
questionnaire, others were happy but did not want to participate, and a few 
were still unimpressed and asked to be taken off our list, which we did 
without hesitation. 
 

 Some women wanted clarification as to how to complete certain questions, 
or what to do if they couldn’t remember. I helped them to the best of my 
ability and thanked them for participating in the study. 
 

 Some women later in the collection period called to ask if we were still 
accepting questionnaires, and whether they could still participate.  

 
 Overall the questionnaire was well received as shown in these quote from 

participants “it has been an interesting questionnaire to participate in – 
although at times rather confronting” and “thank you for the opportunity”. 



Appendix I 

 203 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix I 

 

Description and frequency of control cancer types 

 



Appendix I 

 204 

 
Cancer Type Cancer Name Frequency (%) 
C01 Tongue 3 (0.5) 
C07 Parotid gland 2 (0.4) 
C08 Major salivary gland, exc. parotid 1 (0.2) 
C09 Pharynx 5 (0.9) 
C16 Stomach 5 (0.9) 
C21 Anus 9 (1.6) 
C22 Liver & intrahepatic bile ducts 1 (0.2) 
C23 Gallbladder & bile ducts 1 (0.2) 
C25 Pancreas 3 (0.5) 
C30 Nasal cavity/sinuses, middle/inner ear 1 (0.2) 
C32 Larynx 2 (0.4) 
C33 Lung, bronchus & trachea 26 (4.7) 
C49 Connective & other soft tissues 4 (0.7) 
C64 Kidney 20 (3.6) 
C65* C65 Bladder & urinary tract 12 (2.1) 

sUB In situ bladder carcinoma 1 (0.2) 
C69 Eye & lacrimal gland 3 (0.5) 
C71 Brain 3 (0.5) 
CRC* CRC Colorectal cancer 166 (29.7) 

sCO In situ colorectal carcinoma 1 (0.2) 
HCO Other chronic MPDs 1 (0.2) 
HCP Polycythaemia rubra vera 2 (0.4) 
HII Other & U/S immunoprolif. neoplasms 1 (0.2) 
HMR Refractory anaemias/cytopaenias 1 (0.2) 
HMS Myelodysplastic syndromes 1 (0.2) 
P Myeloma & plasma cell tumours 12 (2.2) 
L* LLC Leukaemia, lymphoid, chronic 12 (2.2) 

LLO Leukaemia, lymphoid, other/NOS 3 (0.5) 
LMA Leukaemia, myeloid, acute 3 (0.5) 
LMC Leukaemia, myeloid, chronic 3 (0.5) 
LMO Leukaemia, myeloid, other/NOS 1 (0.2) 

SKIN* MEL Melanoma (skin) 167 (29.9) 
NMS Non-melanoma skin cancer (exc. SCC/BCC) 9 (1.6) 
CUT Primary BCC or SCC of skin 1 (0.2) 
sME In situ skin melanoma 9 (1.6) 
sSK In situ BCC or SCC of skin 1 (0.2) 

Y* YHO Lymphoma, Hodgkin 3 (0.5) 
YNB Lymphoma, non-Hodgkin, mature B cell 42 (7.5) 
YNO Lymphoma, non-Hodgkin, other/unclassif. 8 (1.4) 
YNT Lymphoma, non-Hodgkin, mature T/NK cell 6 (1.1) 
YUC Lymphoma NOS/unspecified 3 (0.5) 

* Indicates control cancer types that are regarded as part of one common group 

 
 


