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ABSTRACT 

THE IMPACT OF VARIATION IN THE PROGESTERONE RECEPTOR GENE, 
LIFE HISTORY AND LIFESTYLE ON ENDOMETRIAL FUNCTION AND THE 

MENSTRUAL CYCLE 
 

Elizabeth Jane Rowe 

Doctor of Philosophy 

Temple University, 2011 

L. Christie Rockwell, PhD 

 

Interest in women’s reproductive variation within the subfield of Physical 

Anthropology known as Human Reproductive Ecology is dominated by energetic 

models for fecundity that disregard genetic variation as a potential cause of 

differences in reproduction.  Further, a strong correlation between ovarian and 

uterine markers of fecundity is assumed, although this assumption is not 

supported by the available data.  A polymorphism in the progesterone receptor 

gene, called PROGINS, shows diminished progesterone response in vitro and is 

associated with a number of uterine disorders in women.  To elucidate the 

discrepancy between ovarian and uterine markers of fecundity, carriers of the 

PROGINS variant were compared to non-carriers with regard to endometrial 

thickness and menstrual cycle characteristics.  Gene-environment interactions 

between PROGINS and life history, lifestyle factors, progesterone levels, 
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anthropometric measures, and physical activity were also considered.  The 

PROGINS polymorphism was found to impact both luteal phase length and 

menses duration, as well as to modify endometrial sensitivity to life history 

factors, progesterone levels, anthropometric measures, and physical activity.  

These results support the notion that PROGINS diminishes progesterone 

response, and indicate that the polymorphism also alters endometrial sensitivity 

to acute and chronic energetic stress.  The findings of this study indicate that 

Human Reproductive Ecologists must consider genetically-based variation in 

sensitivity to energetic stress in future adaptive models of women’s reproduction. 
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CHAPTER 1 

INTRODUCTION 

 

The field of Physical Anthropology is broadly concerned with human 

evolution.  Since differential fertility, coupled with differential survival, is a 

necessary condition for evolution by natural selection, variation in fertility and 

other aspects of human reproduction are inherently of interest to Physical 

Anthropologists.  Much research concerning fertility in this field has focused on 

female reproduction, since the minimum resource allocation required per 

offspring is vastly greater for females than males, and female fertility limits the 

intrinsic rate of increase in populations in general.  The subfield of Physical 

Anthropology known as Human Reproductive Ecology aims to elucidate the 

ecological determinants of variation in women’s reproduction.  Human 

Reproductive Ecologists have developed a number of theoretical frameworks that 

explain female reproductive sensitivity to energetic stress in adaptive terms.  

None of these frameworks has yet considered the possibility that genetic 

variation may play a substantial role in variation in women’s fertility, or that 

genetic variation may affect sensitivity to energetic stress.  This work seeks to 

help refine the theoretical perspectives in this discipline by evaluating the impact 

of a functionally significant variant in the progesterone receptor gene, called 

PROGINS, on uterine function and the menstrual cycle and to determine whether 
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this variant alters uterine sensitivity to life history factors, luteal progesterone, 

lifestyle factors, anthropometric measures, or physical activity. 
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CHAPTER 2 

DETERMINANTS OF VARIATION IN FEMALE FECUNDITY 

 

Differential reproductive success drives evolution by natural selection, and 

the determinants of differential reproductive success in humans are therefore of 

interest to Physical Anthropologists.  One determinant of differential reproductive 

success is differential fertility.  Variation in lifetime fertility, which can be defined 

as the number of offspring one has that survive to adulthood, is necessarily 

difficult to study in humans, requiring either retrospective demographic data or 

time-intensive longitudinal studies (Konner and Worthman 1980; Wood, et al. 

1985).  Therefore, studies of human female reproductive variation in Physical 

Anthropology have often focused on variation in fecundity, or the ability to have a 

live birth (Holman and Wood 2001).  The frequency and timing of intercourse is a 

necessary determinant of variation in female fecundity, as it is required for 

conception.  However, variation in preconception female reproductive physiology 

and anatomy also predict variation in fecundity.  Understanding the basis for 

variation in these features informs our understanding of the basis for variation in 

fecundity, and is a central concern of the subfield of Physical Anthropology 

known as Human Reproductive Ecology (Vitzthum 2009).   
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Evaluating Variation in Proximate Measures of Fecundity 

 

 Studies of the determinants of variation in fecundity in Human 

Reproductive Ecology rely on measures of fecundability, or the probability that 

conception leading to a live birth will occur in a given menstrual cycle (Holman 

and Wood 2001).  Ovarian steroid hormone levels are the most commonly used 

representatives of fecundability within Physical Anthropology (e. g., Lipson and 

Ellison 1996).  The thickness of the endometrium, or uterine lining, is commonly 

measured as a predictor of embryo implantation success in in vitro fertilization 

(IVF) studies (Senturk and Erel 2008) and has been suggested as another way 

for Human Reproductive Ecologists to measure a cycle’s fecundability (Clancy 

2005).  With rare exceptions (e. g., Vitzthum et al. 2001), menstrual cycle 

characteristics have not been studied as indicators of fecundity by Human 

Reproductive Ecologists, but have been investigated more extensively in clinical 

settings (e. g., Small et al. 2006).   However, the predictive value of these 

measures of fecundability varies widely.  The accuracy of each of these 

proximate measures of fecundity is evaluated after a brief review of the relevant 

events of the menstrual cycle.   
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The Human Menstrual Cycle 

 

Women’s reproductive cycles are ultimately under the control of two 

endocrine structures in the brain: the hypothalamus and the anterior pituitary 

gland.  The hypothalamus produces gonadotrophin-releasing hormone, which 

stimulates the production of follicle-stimulating hormone by the anterior pituitary  

(Porterfield 2001).  Pituitary follicle-stimulating hormone stimulates production of 

estradiol by a dominant ovarian follicle (Johnson 2007).  Within the uterus, 

endometrial stromal cells respond to follicular estradiol by proliferating, thereby 

regenerating tissue lost during menstruation (Mote, et al. 2000; Persadie 2002).  

A peak in late follicular estradiol inhibits pituitary follicle-stimulating hormone 

production by a negative feedback loop and stimulates a dramatic surge in the 

pituitary production of luteinizing hormone (Hadley 2000).  Ovulation occurs 

when the luteinizing hormone surge causes the follicular estradiol-primed 

dominant follicle to rupture, releasing its ovum (Johnson 2007).  The ruptured 

follicle then becomes a structure known as the corpus luteum, and transformed 

granulosa cells in the luteinized follicle of the ovary begin to secrete 

progesterone (Porterfield 2001).  Luteal progesterone inhibits estradiol-induced 

endometrial stromal proliferation, stimulates endometrial glandular secretion, and 

stimulates endometrial stromal differentiation into decidual cells, a specialized 

endometrial cell type (Strowitzki, et al. 2006).   
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If the ovum is fertilized, the resulting conceptus begins producing human 

chorionic gonadotropin, which maintains progesterone production by the corpus 

luteum.  The conceptus implants in the endometrium a few days after conception; 

this period of time is known as the ―window of implantation‖ (Porterfield 2001).  

Adequate production of decidualized endometrial tissue during this time period is 

critical to implantation, since decidual cells may both limit the degree of fetal 

invasion into maternal tissues and provide a source of nutrition to the invading 

conceptus (Johnson and Everitt 1995).  In the absence of a human chorionic 

gonadotropin signal from a conceptus, luteal progesterone secretion eventually 

ends.  The end of progesterone support leads the breakdown of the terminally-

differentiated decidual tissue, which is lost during menstrual bleeding.  Falling 

progesterone levels also trigger pituitary production of follicle-stimulating 

hormone, which begins the menstrual cycle anew (Johnson 2007).   Thus, 

progesterone can be viewed as a key player in critical luteal phase events 

preparatory to pregnancy.  

 

The Roles of the Estrogen and Progesterone Receptors in the Endometrium 

Adequate decidualization is the result of estrogen-mediated proliferation 

and progesterone’s role in causing a shift from proliferation to differentiation of 

the stromal cells.  The effects of estradiol and progesterone are mediated by 

estrogen and progesterone receptors that endometrial tissue produces.  The 

receptors in turn exert their effects on the endometrium by regulating the 
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transcription of specific target genes.  Steroid hormone receptors belong to a 

class of proteins known as nuclear transcription factors (Evans 1988).  After 

steroid hormones enter the cells of target tissues, the receptors bind to these 

ligands (such as estradiol or progesterone) and move to the nucleus (Evans 

1988).  Once in the nucleus, the receptor-ligand complexes recognize and bind 

to hormone-specific DNA sequences, known as steroid response elements, in 

the promoter regions of target genes (Evans 1988). This process either initiates 

or prevents the transcription of target genes.  Each steroid receptor regulates a 

host of genes that are specific to that steroid receptor, and include genes 

encoding growth factors, cyclins and apoptosis-related proteins among others 

involved in the cell cycle and tissue remodeling (Davies, et al. 2004; Richer, et al. 

2002; Smid-Koopman, et al. 2003; Yudt, et al. 2006).   

 

The significance of these the progesterone and estrogen receptors for the 

adequate production of decidual tissue has been established in part by using 

―knockout‖ mice models, in which the production of either the estrogen or the 

progesterone receptor is ablated.  Estrogen receptor knockout  mice exhibit 

decidualization of the endometrial stroma (Curtis Hewitt, et al. 2002), whereas 

progesterone receptor knockout mice do not exhibit decidualization and are 

infertile (Lydon, et al. 1995).  In women, endometrial expression of the estrogen 

and progesterone receptors in endometrial tissue (Critchley and Saunders 2009; 

Moutsatsou and Sekeris 1997).  Maximal stromal estrogen receptor expression 
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corresponds with the timing of the follicular estradiol peak (Punyadeera et al. 

2003) and follicular estradiol also stimulates the  production of stromal 

progesterone receptors (Critchley and Saunders 2009), thus giving the stroma 

the capacity to respond to luteal progesterone.  In a study of variation in estrogen 

and progesterone receptors in the endometrium in women, ultrasound images in 

which the endometrium was clearly distinct from the myometrium (the outer, 

muscular layer of the uterus) were associated with a higher ratio of progesterone 

receptor to estrogen receptor production in endometrial extracts (Ohno and 

Fujimoto 1998).  The resolution of the endometrium from the myometrium in 

ultrasound images is indicative the degree of decidualization of the endometrium, 

is correlated with implantation success in IVF studies (Lindhard, et al. 2006).  

The progesterone receptor therefore may play a more significant role in 

decidualization than the estrogen receptor.  Next, the relationship between the 

appearance of the endometrium in ultrasound images and fecundability is 

considered in more detail.  Endometrial thickness as measured by 

ultrasonography is an ideal tool for studying endometrial growth and 

development, since this technique is less invasive than tissue biopsy 

 

Ultrasonographic Measurement of the Endometrium and Fecundability 

 

Endometrial thickness varies over the menstrual cycle and is determined 

by measuring the distance between the barrier separating the endometrium from 
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the myometrium (the outer layer of the uterus), across the uterine lumen, in an 

image in sagittal plane (Bakos et al. 1993; Persadie 2002).  The degree to which 

the endometrium can be visually distinguished from the myometrium is related to 

the extent of decidualization, whereas endometrial thickness reflects the 

influence of follicular estradiol and luteal progesterone on endometrial 

proliferation (Strowitzki, et al. 2006).  Ultrasound images captured early in the 

follicular phase show regenerated endometrial tissue about a day or two after 

menstruation ceases (Bakos, et al. 1994), with a thickness of about four to five 

millimeters (Bakos et al. 1993).  The endometrium reaches its maximum 

thickness of about twelve millimeters around the time of ovulation (Bakos et al. 

1993).  After ovulation, endometrial thickness remains relatively unchanged until 

menstruation begins (Bakos et al. 1993; Li, et al. 1992; Randall, et al. 1989), 

although Clancy et al. (2009) noted a subtle decline in endometrial thickness 

over the luteal phase of about .2 millimeters per day. 

 

Endometrial thickness may be a useful predictor of fecundability.  

Endometrial thickness measurements are used to predict the success of embryo 

transfer during the window of implantation in in vitro fertilization (IVF) protocols.  

Most of these studies involve administration of exogenous hormones or drugs 

meant to stimulate ovulation or maintain the endometrium in a state suitable for 

implantation.  For example, human chorionic gonadotropin is administered to 

maintain luteal progesterone production, and in such studies, endometrial 
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thickness is measured on the day of human chorionic gonadotropin 

administration.  However, a few IVF studies have involved natural cycles, in 

which endometrial thickness is measured on the day of ovulation.  A small 

number of such studies are reviewed here (Table 1).  These studies typically 

define a minimum endometrial thickness, above which implantation success 

substantially improves, based on study data.  The minimum periovulatory 

endometrial thickness required for implantation success ranges from six to 

eight millimeters in these studies (al-Shawaf, et al. 1993; Basir, et al. 2002; 

Gonen, et al. 1991).  However, considering the timing of these endometrial 

thickness measurements during the menstrual cycle, they can only reflect 

endometrial growth that has occurred in response to follicular estradiol, and they 

cannot reflect the growth-inhibition and decidualizing actions of luteal 

progesterone.  Given that (1) response to luteal progesterone is required for 

decidualization and fertility (Lydon, et al. 1995), (2) variation in endometrial 

progesterone receptor expression is related to endometrial growth (Ohno and 

Fujimoto 1998), and (3) luteal endometrial thickness may not be static (Clancy, et 

al. 2009), measurement of endometrial thickness during the luteal window of 

implantation may be a significant predictor. 
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Table 1.  Endometrial thickness (ET) and fecundability 

Authors Population Findings 

al-Shawaf et al. 
(1993) 

77 natural cycles and 
72 stimulated cycles in 
the United Kingdom 

no pregnancies occurred 
when ET < 8 mm 

Basir et al. (2002) 97 natural cycles  and 
175 stimulated cycles 
in Hong Kong 

pregnancy rate higher 
when ET > 7 mm in natural 
cycles (p<.05) 

Gonen et al. 
(1991) 

14 natural cycles in 
Israel 

no pregnancies when ET < 
6 mm 

 

 

Estradiol and Progesterone and Fecundability 

 

Estradiol and progesterone levels are popular indicators of fecundability 

among Physical Anthropologists, and have been used in clinical studies of 

fecundability as well.  These two ovarian steroids can be measured in saliva 

(Ellison 1988) or from the metabolites in urine (Munro, et al. 1991), both of which 

accurately reflect their circulating physiologically active levels.  One study has 

reported that estradiol levels are higher throughout cycles ending in conception 

compared to non-conception cycles (Venners, et al. 2006).  Other studies have 

observed higher estradiol levels in conception cycles only during the middle of 

the follicular phase (Lipson and Ellison 1996), on the day of ovulation (Li, et al. 

2001), or during the luteal phase (Stewart, et al. 1993).  The relationship between 

variation in progesterone levels and variation in fecundability is less clear.  Two 
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studies have reported higher mid-luteal progesterone in cycles ending in 

conception (Baird, et al. 1999; Baird, et al. 1997), although it is not clear whether 

this is truly indicative of fecundability, rather than being luteal progesterone 

produced in response to human chorionic gonadotropin released by the 

conceptus (Baird, et al. 1997; Stewart, et al. 1993).  The fact that higher follicular 

progesterone levels are observed in cycles that do not end in conception (Baird, 

et al. 1999), or that end in pregnancy loss (Vitzthum, et al. 2006), coupled with 

the observation that conception cycles are associated with a steeper rise in luteal 

progesterone levels (Baird, et al. 1997) suggests that the relative change in 

progesterone levels over the menstrual cycle, rather than the actual levels 

themselves, are predictive of fecundability.  Alternatively, there may be no 

relationship between luteal progesterone and conception at all, as is indicated by 

several studies (Li, et al. 2001; Lipson and Ellison 1996; Stewart, et al. 1993; 

Venners, et al. 2006; Vitzthum et al. 2004).  Thus, there is fairly clear evidence 

that estradiol levels are associated with fecundability, but fecundability and 

progesterone levels have a more complex relationship.   

 

Menstrual Bleeding Patterns and Fecundability 

 

Menstrual blood loss and menses duration have also been used as 

measures of fecundability because of their potential for reflecting both adequate 

versus suppressed ovarian steroid stimulation or the capacity of the endometrium 
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to respond to these signals.  Endometrial response to the hormonal cues that 

control growth and differentiation as well as the beginning and cessation of 

menstrual bleeding is a determinant of both menses duration and the volume of 

menstrual blood loss.  Endometrial responsiveness is also critical during early 

pregnancy and hence is important as a determinant of fecundity.  For example, 

low progesterone levels or an impaired response to luteal progesterone could 

result in implantation failure, if the endometrium is not adequately developed or 

maintained long enough for a conceptus to implant.  The relationship between 

menstrual blood loss and fecundability is unknown; however, two studies have 

examined the possibility that menses duration may predict fecundability 

(Table 2).  Small et al. (2006) found that conception was more likely when it was 

preceded by menstrual bleeding episodes that lasted five days; conception was 

less likely when bleeding episodes were longer or shorter than five days.  Early 

pregnancy losses were also less likely to occur when conception was preceded 

by bleeding episodes lasting longer than five days (Small, et al. 2006).  In their 

study of Bolivian women, Vitzthum et al. (2001) found that menses duration in 

cycles that ended in conception was greater than in cycles that did not end in 

conception.  Thus, there may be an optimal length of menses associated with 

conception success leading to a live birth, and conceptions preceded by longer 

menses may be protected against early pregnancy loss.   
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As with endometrial thickness and menses duration, data suggest that 

there is an optimally fecund range for menstrual cycle length (Table 3).  Cycles 

lasting longer than 31 days are associated with reduced fecundability (Jensen, et 

al. 1999; Quenby and Farquharson 1993; Rowland, et al. 2002; Small, et al. 

2006), as are cycles lasting less than 30 days (Small, et al. 2006).  Increasing 

cycle length variability is also associated with reduced fecundability (Jensen, et 

al. 1999; Kolstad, et al. 1999; Small, et al. 2010).  These connections between 

fecundity and menses duration or menstrual cycle length may reflect either 

adequate ovarian steroid levels, adequate responses to steroids, or both. 

Table 2.  Menses duration and fecundability 

Authors Population Findings 

Small et al. 
(2006) 

470 participants 
in the Mount Sinai 
Study of Women 
Office Workers 

cycles preceded by 4-day or fewer 
menses or 6-day menses less likely to 
end in conception than 5-day cycles  
 
risk of miscarriage lower for menses 
greater than 5 days  

Vitzthum et 
al. (2001) 

189 rural Aymara 
in the Bolivian 
altiplano (Project 
REPA) 

conception cycles and non-conception 
cycles differ in menses duration in 
preceding cycles (4.0 vs. 3.6 days, 
p=.03) 
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Table 3.  Menstrual cycle length and fecundability 

Authors Population Findings 

Jensen et al. 
(1999)  

10,903 Danish 
patients at the 
Department of 
Gynaecology and 
Obstetrics at 
Odense University 
Hospital 

irregular cycles are less fecund  
 
cycles longer than 35 days are less 
fecund  

Kolstad et al. 
(1999)  

295 Danish trade 
union members 

irregular cycles (vary by more than 
10 days) were 25% less fecund 

Quenby and 
Farquharson 
(1993) 

203 patients at the 
Liverpool Miscarriage 
Clinic 

cycles longer than 34 days had a 
reduced pregnancy success rate 
(64% vs. 87%) 

Rowland et 
al. (2002)  

3941 participants in 
the Agricultural 
Health Study in Iowa 
and North Carolina 

women reporting cycles longer than 
36 days were more likely to have a 
history of infertility  and miscarriage  
 
women reporting irregular cycles 
were more likely to be nulliparous 
and have a history of infertility and 
miscarriage  

Small et al. 
(2006) 

470 participants in 
the Mount Sinai 
Study of Women 
Office Workers 

cycles longer than 31 days or 
shorter than 30 days less fecund 
and more likely to end in miscarriage 

Small et 
al.(2010)  

401 participants in 
the Mount Sinai 
Study of Women 
Office Workers 

irregular cycles were less fecund 
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 Causes of Variation in Measures of Fecundability 

 

 The literature reviewed above suggests that variation in some proximate 

measures of fecundity are effective predictors of fecundability in women.  One of 

the major contributions of Human Reproductive Ecology to the study of human 

fertility has been the elucidation of the basis for this variation.  A large portion of 

this work has been focused on the impact of energetic factors and 

anthropometric variation on fecundability, so this review will be restricted to those 

two causes of variation.   

 

Energetic Factors as Sources of Variation in Measures of Fecundability 

 

Energetic factors, including energy expenditure, energy intake, and the 

balance between energy intake and expenditure, are known to affect variation in 

proximate measures of fecundity among women.  Energy expenditure can vary 

due to workload, lactation, or occupational or recreational physical activity levels.  

Energy intake can vary due to seasonal or regional food availability or intentional 

dietary restriction.  Negative energy balance occurs when energy expenditure 

exceeds available energy intake.  Somatic maintenance then depends upon 

making up the difference by relying on energy stored in body tissues (especially 

fat), lowering of the basal metabolic rate, or by reallocating energy expenditure to 

other individuals in one’s social group (Reiches, et al. 2009; Valeggia and Ellison 
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2009).  Measurements of energy expenditure, energy intake, and energy balance 

can each be used to approximate energetic stress. 

 

Increasing energetic stress generally has an attenuating effect on female 

fecundability.  Negative energy balance, which occurs when energy expenditure 

exceeds energy intake and is often accompanied by weight loss, attenuates 

salivary progesterone levels (Ellison et al. 1986; Lager and Ellison 1990; Panter-

Brick et al. 1993) and lengthens menstrual cycles (Harlow and Matanoski 1991; 

Ziomkiewicz, et al. 2008).  C-peptide, a urinary metabolite of insulin, provides 

real-time information about energetic status (Sherry and Ellison 2007) and 

therefore may be a better indicator of energy balance, energy intake, energy 

expenditure, and stored energy resources than estimations of energy intake and 

expenditure or weight loss.  Clancy (2007) found that C-peptide levels were 

positively correlated with mid-luteal phase endometrial thickness in well-

nourished sample populations in the United States and Poland, suggesting that 

endometrial growth may be responsive to energy expenditure even when 

energetic conditions are otherwise favorable.  Jasienska (1996) found that 

salivary progesterone levels were attenuated in the same population of hard-

working, well-nourished women.  Menstrual cycle length is positively correlated 

with physical activity levels, even in non-dieting western populations (Cooper, et 

al. 1996; Sternfeld, et al. 2002), although high levels of physical activity attenuate 

luteal phase length (Bullen, et al. 1985).  The available data on menses duration 
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are equivocal regarding the impact of physical activity (Cooper, et al. 1996; 

Sternfeld, et al. 2002). 

 

Anthropometric Measures as Sources of Variation in Measures of Fecundability 

 

 As with energetic stress, anthropometric measures that indicate low levels 

of stored energetic resources are correlated with lower fecundability.  Available 

energetic resources that are stored in the body can be inferred from 

anthropometric measures indicating body size and body fat.  Menstrual blood 

loss has been positively correlated with height (Cole et al. 1971; Cooper, et al. 

1996), an indicator of body size.  Height has also been associated with estradiol 

levels (Finstad, et al. 2009), and principal components representing body size 

have been positively correlated with progesterone levels (Vitzthum, et al. 2002).  

Weight and body mass index are both indicators of body size, and are positively 

correlated with endometrial thickness (Andolf et al. 1997; Clancy, et al. 2009; 

Gull, et al. 2001; Souter, et al. 2011).  Weight is positively correlated with 

menstrual blood loss (Cole et al. 1971; Hefnawi et al. 1980), whereas BMI is 

negatively correlated with menses duration (Cooper, et al. 1996).  Menstrual 

cycle length has a U-shaped relationship with BMI with women at both high 

(Chang, et al. 2009; Rowland, et al. 2002; Symons et al. 1997; Williams 2006) 

and low BMIs (Cooper, et al. 1996) exhibiting longer menstrual cycles.  Weight is 

positively correlated with follicular phase length (Waller, et al. 1998) but 
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negatively correlated with luteal phase length (Waller, et al. 1998).  Thus, 

anthropometric measures that indicate overall body size, or that are rough 

approximations of available body fat, predict variation in measures of 

fecundability.  

 

 Direct measures of body fat have also been associated with variation in 

proximate measures of fecundity.  Body fat percentage has an inverse U-shaped 

relationship with estradiol levels, such that women with both high- and low-

percentages of body fat exhibited lower levels of estradiol (Ziomkiewicz, et al. 

2008).  The distribution of adipose tissue also affects variation in hormone levels; 

women with large breasts produce more estradiol than do women with smaller 

breasts, and women with narrower waists relative to their hips similarly exhibited 

higher levels of both estradiol and progesterone (Jasienska, et al. 2004). 

 

The relationships between proximate measures of fecundity and 

anthropometric measures and energetic variables likely reflect graded 

physiological responses to increased energetic stress.  Ellison et al. (1993) and 

Clancy (2007) proposed models for ovarian and endometrial responses, 

respectively, to increased energetic stress.  Together these models describe a 

continuum of proximate measures of fecundity in response to increasing 

energetic stress from fully fecund cycles, through luteal phase suppression 

(including attenuated luteal progesterone production, shortened luteal phases, 
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and luteal endometrial resorption), follicular phase suppression (attenuated 

follicular estradiol production, shortened follicular phases, and poor endometrial 

growth), anovulation, oligomenorrhea (long or irregular menstrual cycles), and 

amenorrhea (absence of menses).  While anovulation signals the end of fecund 

cycles along this continuum, Ellison et al. (1993) and Clancy (2007) argued that 

cycles exhibiting signs of luteal or follicular suppression are fecund, but less so 

than are normal cycles.  However, even for the ―normal‖ ranges of ovarian and 

endometrial physiology, there is considerable variation.   

 

The literature reviewed above demonstrates that variation in both ovarian 

production of steroid hormones and endometrial response (as determined from 

endometrial thickness and menstrual cycle characteristics) is associated with 

energetic stress and anthropometric variation.  It has been well established that 

the hypothalamus and pituitary mediate the effects of energetic stress and 

anthropometric variation on ovarian steroid production (Vitzthum 2009).  It is 

generally assumed that the ovaries likewise mediate the effects of energetic 

stress and anthropometric variation on the endometrium, since ovarian hormones 

have a known impact on endometrial growth and development.  If this 

assumption is true, it follows that variation in endometrial function should be 

closely correlated with variation in ovarian steroid levels.  The literature that 

evaluates relationships between ovarian steroid levels and endometrial function 

is reviewed below. 
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Ovarian Steroid Levels and Endometrial Function 

 

One would expect ovarian steroid levels to predict variation in proximate 

measures of fecundity based in the endometrium, given that the endometrium is 

a steroid responsive tissue.  This expectation, however, is not supported by the 

literature.  Several in vitro studies found no correlation between follicular estradiol 

and endometrial thickness measured on the day of human chorionic 

gonadotropin administration or on the day of the surge in luteinizing hormone 

(Dickey, et al. 1992; Gonen, et al. 1991; Ohno and Fujimoto 1998).  In these in 

vitro fertilization studies, endometrial thickness was measured before the 

endometrium is exposed to luteal progesterone in that cycle, so the relationship 

between endometrial thickness and luteal progesterone was not evaluated.  In 

her study of the effects of ecological variables on variation in endometrial 

thickness, Clancy (2007) found no correlation between mid-luteal endometrial 

thickness and early or mid-luteal progesterone levels.  She also found no 

relationship between endometrial thickness and late follicular estradiol (Clancy 

2007).  The lack of correlation between ovarian steroid levels and endometrial 

thickness in this study is particularly interesting, given that endometrial thickness 

was correlated with C-peptide levels in the same study.  She concluded that 

endometrial response to energetic conditions may not be mediated by the 

ovaries (Clancy 2009). 
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Ovarian hormone levels are better predictors of variation in the menstrual 

cycle and the follicular and luteal phases.  Follicular estradiol levels are 

negatively correlated with menstrual cycle length, follicular phase length, and 

luteal phase length (Landgren et al. 1980), but luteal progesterone levels are 

positively correlated with luteal phase length (Windham, et al. 2002).  No studies 

report on the association between menses duration or menstrual blood loss 

volume and ovarian hormone levels, but women with menorrhagia (pathological 

menstrual blood loss) do not differ from normal women with regard to ovarian 

hormone levels (Eldred and Thomas 1994; Van Voorhis, et al. 2008). 

 

Taken together, these results indicate that endometrial function is not 

solely dependent upon hormonal stimulation.  Because tissue responses to 

hormonal stimulation are mediated by hormone receptors, variation in ovarian 

steroid receptors could explain why variation in ovarian steroids is not closely 

linked to all measures of endometrial function.  Coupled together, variation in 

both hormone levels and their receptors in the endometrium could cause a large 

amount of inter-individual variation in endometrial function.  Conversely, variation 

in hormone receptors may be causally related to variation in tissue 

responsiveness to hormones more so than variation in the hormone levels 

themselves  (Basir, et al. 2002; Friedler, et al. 1996).  Genetic polymorphisms 

that could alter receptor structure and activity are a possible source of variation, 
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as such polymorphisms affect steroid receptor levels and function.  Furthermore, 

heritability studies indicate that genetic variation may account for a significant 

amount of the variance in proximate measures of fecundity in the endometrium 

(Rybo and Hallberg 1966; Treloar et al. 1998).  Thus, a genetic variant affecting 

hormone receptor variation may account for some of the variation in endometrial 

function. 

 

Genetic variation in both the estrogen and the progesterone receptors 

could affect growth and development in the endometrium.  However, given the 

multiple roles that progesterone has in the endometrium and that variation in 

progesterone receptor levels has been connected to luteal endometrial growth, 

the likelihood that the progesterone receptor has an impact on endometrial 

growth and development is greater.  Variants in the progesterone receptor gene 

and their possible effects on the endometrium are considered in the next chapter. 

 

  



24 

CHAPTER 3 

GENETIC VARIATION IN THE PROGESTERONE RECEPTOR 

Polymorphisms in the Progesterone Receptor Gene 

 

The progesterone receptor gene has eight exons and seven introns (Law, 

et al. 1987; McKenna, et al. 1995) (Figure 1).  Several genetic variants in the 

progesterone receptor gene have been identified, and overall genetic variation at 

the locus has been characterized by haplotype analysis (Pearce, et al. 2005; 

Pooley, et al. 2006).  Two particular progesterone receptor variants, +331G/A 

and PROGINS, have been studied extensively for associations with a number of 

reproductive disorders.  The +331G/A variant, a G to A base-pair substitution 

located in the promoter region of the gene (De Vivo, et al. 2002), has been 

associated with an increased risk of endometrial cancer (De Vivo, et al. 2002; 

Pijnenborg, et al. 2005), breast cancer (De Vivo, et al. 2003; Huggins, et al. 

2006; Kotsopoulos, et al. 2009), ovarian cancer (Berchuck, et al. 2004; Risch, et 

al. 2006; Romano, et al. 2004; Romano, et al. 2006), and panic disorder (Ho, et 

al. 2004; Westberg, et al. 2004), and may be protective against endometriosis 

(Berchuck, et al. 2004; Near, et al. 2011; van Kaam, et al. 2007) or, conversely, a 

risk factor for deep-infiltrating endometriosis (Gentilini, et al. 2008).   



25 

 
Figure 1. Diagram of the progesterone receptor gene showing common 

polymorphisms (from De Vivo et al. (2002)). 

 

The second variant, called PROGINS (for ―progesterone receptor insert‖), 

consists of three distinct mutations that are in complete linkage disequilibrium: a 

synonymous or ―silent‖ substitution in exon five, a 320 base-pair Alu insertion in 

intron G, and a G to T non-synonymous substitution in exon four of the gene 

(Kieback, et al. 1998; Romano, et al. 2007) (Figure 1).  The non-synonymous 

single-nucleotide polymorphism (SNP) in exon four (V660L) causes an amino 

acid substitution from valine to leucine, whereas the SNP in exon five (H770H) 

does not cause a substitution for the amino acid histidine.  Alu insertions are 

repetitive mobile elements that are known to influence disease risk (Xing, et al. 
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2007).  PROGINS has been associated with ovarian cancer (Agoulnik, et al. 

2004; Kieback, et al. 1998; Leite, et al. 2008; McKenna, et al. 1995; Pearce, et al. 

2005; Pearce, et al. 2008; Romano, et al. 2006; Rowe, et al. 1995; Runnebaum, 

et al. 2001; Terry, et al. 2005), breast cancer (Kieback, et al. 1998; Pooley, et al. 

2006; Wang-Gohrke, et al. 2000), endometriosis (De Carvalho, et al. 2007; 

Lattuada, et al. 2004; Wieser, et al. 2002), recurrent miscarriage and unexplained 

infertility (Pijnenborg, et al. 2005; Pisarska, et al. 2003; Schweikert, et al. 2004), 

recurrent pregnancy loss (Su, et al. 2011), reduced numbers of live births 

(Renner, et al. 2008), menstrual disorders (Renner, et al. 2008), preterm birth 

(Ehn, et al. 2007; Guoyang, et al. 2008), and uterine cancer (Junqueira, et al. 

2007; Lee, et al. 2010).   

 

The frequency of the +331G/A and PROGINS polymorphisms vary in 

populations around the world.  The proportion of individuals who carry the 

+331G/A allele varies from 0 to 15 percent, with lower carrier frequencies being 

observed among those of African or Asian descent, and higher carrier 

frequencies being observed among individuals of European ancestry (Norwitz, et 

al. 2005; Pearce, et al. 2005; Pijnenborg, et al. 2005).  The PROGINS carrier 

frequency is much higher, especially among those of European descent: up to 

37 percent of the US Caucasian population carry the PROGINS allele, while its 

carrier frequency is much lower among Africans (two percent), Asians (zero 

percent), or Native Americans (twelve percent) (Agoulnik, et al. 2004; Donaldson, 
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et al. 2002; Terry, et al. 2005).   This study focuses on the PROGINS allele rather 

than the +331G/A SNP, because of PROGINS’ higher global frequency, and 

because its effect on tissue response to progesterone has been well 

characterized. 

 

The Molecular Physiology of PROGINS 

 

Of the three mutations that constitute the PROGINS allele, only the Alu 

insertion and the SNP in exon four could impact the mature progesterone 

receptor protein.  Romano et al. (2007) suggested that the valine-to-leucine 

substitution caused by the exon four SNP may change the angle or flexibility of 

the ―hinge‖ region of the progesterone receptor protein, which lies between the 

DNA-binding and ligand-binding domains of the gene.  An alteration to the hinge 

region could impede progesterone receptor binding to either its ligand or to the 

DNA of target genes.  The Alu insertion associated with PROGINS is in an intron, 

and is therefore not in the finished progesterone protein.  However, Alu insertions 

can affect gene transcription (Deininger and Batzer 2002; Gibbons and 

Dugaiczyk 2005).  An in vitro study on the effect of the PROGINS Alu in 

particular demonstrated that it decreases the stability of the progesterone 

receptor mRNA (Romano, et al. 2007).  In vitro studies also indicate that both the 

PROGINS Alu and the exon four SNP caused more proliferation in response to 
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progesterone than did the wildtype receptor (Agoulnik, et al. 2004; Romano, et al. 

2007).   

 

Studies Associating PROGINS with Uterine Disorders, Infertility, and Disorders of 

Pregnancy 

 

PROGINS has been investigated for associations with several uterine and 

pregnancy-related disorders.  Endometriosis is a disorder characterized by 

growth of endometrial tissue outside of the normal confines of the endometrium, 

and so is understood to be a type of abnormal endometrial growth that may be 

due to hormonal disturbances (or that can be treated using hormonal therapies).  

Of the six studies to date that have examined the association between the 

PROGINS allele and endometriosis, three found it to be a risk factor (De 

Carvalho, et al. 2007; Lattuada, et al. 2004; Wieser, et al. 2002), whereas three 

found no association (Govindan, et al. 2007; Near, et al. 2011; van Kaam, et al. 

2007) (Table 4).  Therefore, the evidence associating PROGINS with 

endometriosis is equivocal. 
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 Table 4.  Summary of PROGINS and endometriosis association studies 

Authors Population Findings 

De Carvalho et al. 
(2007) 

121 endometriosis 
cases and 281 
controls in Brazil 

More PROGINS heterozygotes 
among cases (28.9%) than among 
controls (21.3%), p = .05 

Govindan et al. 
(2007) 

100 endometriosis 
cases and 108 
age-matched 
controls in India 

PROGINS allele frequency was the 
same (5%) among cases and 
controls, p = .895 

Lattuada et al. 
(2004) 

131 endometriosis 
cases and 127 
controls in Italy 

PROGINS allele (p = .045) and 
genotype (p = .041) frequencies 
were greater in cases 

Near et al. (2011) 348 endometriosis 
cases and 5464 
controls from 
Australia, Europe, 
and the US 

no difference in the distribution of 
PROGINS genotypes between 
cases and controls  

van Kaam et 
al.(2007)  

72 deep-infiltrating 
endometriosis 
cases, 102 
adenomyosis 
cases, and 93 
controls in the 
Netherlands 

No association with PROGINS for 
endometriosis or adenomyosis  

Wieser et al. 
(2002) 

95 endometriosis 
cases and 107 
controls in Austria 

PROGINS more frequent in cases 
than in controls  
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Uterine fibroids, leiomyoma, and endometrial cancer are all types of 

tumorous lesions of the uterus.  PROGINS may be a risk factor for endometrial 

cancer, albeit with a number of caveats (Table 5).  It was associated with a 

recurrence in endometrial cancer (Pijnenborg, et al. 2005) and with myoma 

(Junqueira, et al. 2007), and haplotypes containing PROGINS were found to 

increase risk of endometrial cancer in whites in California (Lee, et al. 2010).  In 

the study by Renner et al. (2008), neither the PROGINS allele or genotype 

frequencies differed in uterine leiomyoma cases and controls.  However, 

PROGINS carriers were significantly less likely to have had a live birth, especially 

PROGINS homozygotes, 88 percent of whom were nulliparous (p = .016).   

PROGINS carriers were also significantly more likely to report having had 

―menstrual cycle disturbances‖ (p = .012), although this category was not defined 

by the authors.  Gomes et al. (2007) found that PROGINS protects against 

uterine fibroids. 
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Table 5.  Summary of association studies for PROGINS and abnormal 

uterine growth 

Authors Disease Population Findings 

Gomes et. al. 
(2007) 

uterine fibroids 61 cases with 
fibroids and 28 
controls in Brazil 

PROGINS 
protects against 
fibroids in non-
whites (p = .01) 

Renner et al. 
(2008) 

uterine 
leiomyoma 

270 cases and 
163 controls in 
Germany 

no difference in 
PROGINS carrier 
status between 
cases and 
controls, p = .334 

Junqueira et al. 
(2007) 

endometrial 
cancer 

121 endometrial 
cancer cases and 
282 controls in 
Brazil 

heterozygous 
genotype 
associated with 
uterine myoma 
(p= .048) 

Pijnenborg et al. 
(2005) 

recurrent 
endometrial 
cancer 

44 recurrent 
endometrial 
cancer cases 
matched to 44 
endometrial 
cancer cases 
without 
recurrence in the 
Netherlands 

increased risk for 
PROGINS 
carriers  

Lee et al. (2010) endometrial 
cancer 

583 endometrial 
cancer cases and 
1936 controls in 
California 

haplotypes 
containing the 
PROGINS allele 
increased risk by 
34-77% in whites 
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Other studies note increased risk of unexplained infertility (Pisarska, et al. 

2003), implantation failure (Cramer, et al. 2003), and recurrent miscarriage 

(Schweikert, et al. 2004; Su, et al. 2011) in PROGINS carriers (Table 6).  Since 

PROGINS disrupts proliferative response to progesterone (Agoulnik, et al. 2004; 

Romano, et al. 2007), it may also alter decidualization.  The associations 

between PROGINS and unexplained infertility, implantation failure, and recurrent 

miscarriage could be a consequence of poor decidualization.   
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Table 6.  Summary of association studies for PROGINS and infertility 

and disorders of pregnancy 

Authors Disease Population Findings 

Pisarska et al. 
(2003) 

unexplained 
infertility 

26 idiopathic 
infertility cases 
and 28 fertile 
controls in the US 

significantly more 
PROGINS carriers 
among cases (42%) 
than in controls 
(14%) 

Cramer et al. 
(2003) 

implantation 
failure  

317 cases with > 2 
failed IVF 
implantation 
attempts and 288 
controls with > 1 
successful 
implantation in 
Boston 

PROGINS protects 
against implantation 
failure in women 
younger than 25 

Schweikert et al. 
(2004) 

recurrent 
miscarriage 

42 recurrent 
miscarriage cases 
and 40 controls 
with > 2 live births 
in Germany 

PROGINS allele 
frequency 
significantly greater 
in cases than in 
controls (.29 vs. .11, 
p=.019) 

Su et al.(2011) recurrent 
pregnancy 
loss 

121 cases with 
recurrent 
pregnancy loss 
and 179 controls in 
Taiwan (Han) 

PROGINS genotype 
and allele 
frequencies 
significantly higher 
for cases than for 
controls (p=.0006) 
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The findings of these association studies imply that PROGINS carriers 

may exhibit abnormal endometrial growth and development.  The association 

between PROGINS and infertility, implantation failure, and early pregnancy loss 

imply that PROGINS may affect endometrial growth and decidualization, 

whereas PROGINS’ association with endometrial cancer, a disease 

characterized by unchecked growth, implies that PROGINS attenuates 

progesterone’s anti-proliferative effects.  Coupled with the results of studies 

showing that PROGINS decreases the progesterone receptor’s response to 

progesterone stimulus in vitro, these studies strongly suggest that PROGINS 

decreases the responsiveness of the progesterone receptor in the endometrium, 

which in turn affects endometrial growth and development.   

Hypothesis 1: The PROGINS Allele Affects Endometrial Thickness and 

Menstrual Cycle Characteristics 

 

 The evidence from epidemiological and in vitro studies reviewed above 

suggests that the PROGINS allele impacts endometrial function at both the 

macroscopic and cellular levels by reducing the sensitivity of the progesterone 

receptor to its ligand, particularly in the endometrium.  However, no studies have 

investigated the impact of PROGINS on normal, healthy variation in endometrial 

function.  This study will evaluate the impact of the PROGINS allele on variation 

in endometrial thickness and menstrual cycle characteristics (estimated 

menstrual blood loss, menses duration, menstrual cycle length, follicular phase 
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length, and luteal phase length) (Table 7).  PROGINS carriers are expected to 

have thicker endometria than non-carriers, since the endometria of PROGINS 

carriers are expected to exhibit poor anti-proliferative responses to progesterone.  

Similarly, PROGINS carriers are expected to lose more menstrual blood than 

non-carriers, and to have longer menses.  PROGINS is not expected to affect 

either menstrual cycle length or follicular phase length, since both are largely 

determined by the ovulatory status of a cycle.  However, PROGINS carriers are 

predicted to have shorter luteal phases. Since the length of the luteal phase is in 

part determined by the maintenance of endometrial tissue by luteal progesterone, 

diminished progesterone response in PROGINS carriers could lead to an earlier 

onset of menstrual bleeding.   

Table 7.  Predicted impact of PROGINS on endometrial function 

Proxy Measure of Endometrial function Proposed Affect of PROGINS Allele 

endometrial thickness PROGINS carriers have thicker 
endometria in the mid-luteal phase 
than non-carriers 

estimated menstrual blood loss PROGINS carriers lose more 
menstrual blood than non-carriers 

menses duration PROGINS carriers have longer menses 
than non-carriers 

menstrual cycle length none 

follicular phase length none 

luteal phase length PROGINS carriers have shorter luteal 
phases than non-carriers 
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Hypothesis 2: PROGINS Moderates the Impact of Progesterone Levels, Life 

History, Lifestyle, Anthropometric, and Physical Activity Variables on Endometrial 

Thickness and Menstrual Cycle Characteristics 

 

PROGINS May Moderate the Impact of Variation in Progesterone Levels on 

Endometrial Function 

 

Given epidemiological and in vitro evidence, PROGINS is expected to 

have a measurable effect on endometrial function, regardless of other causes of 

variation in endometrial growth and development.  However, the progesterone 

receptor gene, like all genes, is expressed in contexts that are rich in 

environmental variation.  Thus, interactions between the PROGINS allele and 

this environmental variation must also be considered.  Given that PROGINS 

affects the receptor’s response to progesterone, the impact of variation in 

progesterone levels is expected to differ between PROGINS carriers and non-

carriers.  Women who do not carry the PROGINS allele are expected to exhibit 

endometrial thicknesses and menstrual cycle characteristics that vary with 

progesterone levels.  Conversely, women who carry the PROGINS allele are 

expected to exhibit endometrial thickness and menstrual cycle characteristics 

that do not correlate as strongly with progesterone levels.   
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PROGINS May Moderate the Impact of Life History, Lifestyle Factors, 

Anthropometric Variation, and Variation in Physical Activity on Endometrial 

Function 

 

PROGINS may also moderate the effects of anthropometric variation and 

variation in life history, levels of physical activity, or certain lifestyle 

characteristics on endometrial function.  Although PROGINS can only impact 

endometrial function by altering the progesterone receptor, variation in these 

other factors are known to affect endometrial function.  Variation in the 

progesterone receptor and variation in the other factors, when combined 

together, are expected to predict variation in endometrial function.   

 

The effects of anthropometric variation on endometrial function were 

reviewed previously, as were the effects of energy expenditure (variation in 

physical activity levels can be considered a rough indicator of energy 

expenditure).  Energetic status, as indicated by C-peptide levels, is correlated 

with endometrial thickness, despite the fact that follicular estradiol and luteal 

progesterone are responsible for stromal proliferation and differentiation in the 

endometrium and therefore should explain most of the variation in this feature 

(Clancy 2007).  These findings indicate that endometrial growth and development 

may also be regulated by molecular entities in the endometrium other than 

estradiol and progesterone, such as entities involved in insulin metabolism or 
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growth factors (Clancy 2009).  These entities may interact with progesterone or 

its receptor.  The impaired response of the PROGINS’ progesterone receptor 

suggests that its presence may invert the generally observed relationships 

between endometrial function and anthropometric variation and physical activity 

levels.  For example, endometrial thickness is known to have a positive 

correlation with BMI.  Therefore, endometrial thickness is expected to be 

negatively correlated with BMI among PROGINS carriers.   

 

A number of life history and lifestyle variables are also known to impact 

endometrial function.  In particular, it is affected by age (Andolf and Aspenberg 

1996; Clancy 2007; De Geyter, et al. 2000; Gull, et al. 2001; Hallberg, et al. 

1966; Matsumoto, et al. 1962), age at menarche (Cooper, et al. 1996; Rowland, 

et al. 2002), parity (Chimbira, et al. 1980; Cole, et al. 1971; Gull, et al. 2001; 

Hefnawi, et al. 1980; Merz, et al. 1996; Raine-Fenning, et al. 2004; Rybo 1966), 

smoking habits (Cooper, et al. 1996; Rowland, et al. 2002; Windham, et al. 

1999), and hormonal contraceptive use (Cole, et al. 1971; Gnoth, et al. 2002; 

Jukic, et al. 2007; Waller, et al. 1998), so interactions between PROGINS and 

these factors will be considered as well.  
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CHAPTER 4 

METHODS 

Study Design 

 

Sample Size Estimation 

 

The primary hypothesis predicts that carriers of the PROGINS allele will 

differ from non-carriers with regard to six proxy measures of endometrial 

function: endometrial thickness, menstrual blood loss, menses duration, 

menstrual cycle length, follicular phase length, and luteal phase length.  Because 

endometrial thickness is the most costly of these measures, the number of 

women needed to determine whether PROGINS carriers differed from non-

carriers was calculated using endometrial thickness data.  Sample size 

estimation was performed assuming that a two-sided Student’s t-test would be 

used to determine, with 80 percent power and p < .05, a significant difference in 

endometrial thickness between PROGINS carriers and non-carriers.  This 

calculation requires data for standard deviation and minimum detectable 

difference, or effect size, for endometrial thickness.  The standard deviation of 

endometrial thickness measured by transvaginal ultrasound was estimated to be 

two millimeters, from published results of studies of endometrial thickness in 

healthy, unstimulated, premenopausal women (Clancy 2005; Kovacs, et al. 2003; 

Lenz and Lindenberg 1990).  The effect size for this measurement was also set 
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at two millimeters.  Using PS – Power and Sample Size sample size estimation 

software, version 3.0.14 (Dupont and Plummer 2009), a minimum of 

22 individuals would be needed in each group in order to detect a two-millimeter 

difference in endometrial thickness at 80 percent power and p < .05. 

 

The Effect of Sample Size on Other Measures of Endometrial function 

 

Given this sample size and published standard deviation data, the minimal 

difference that could be detected with 80 percent power and p < .05 between 

each group for the other measures of endometrial function could be calculated 

using the same sample estimation software.  The effect size increases with 

increasing standard deviation.  The minimal detectable difference for menses 

duration, with a reported standard deviation of 1.4 days (Small, et al. 2005), is 

1.2 days.  Estimation of menstrual blood loss followed the sanitary product 

staining protocol described by Janssen et al. (1995).  It is by far the most variable 

measure of endometrial function used in this study; although Janssen et al. 

(1995) did not report a standard deviation, it can be estimated from the reported 

range of .3 to 838.5 milliliters of menstrual blood lost per menses.  Since 

99 percent of data points will lie within three standard deviations of the mean, this 

distance is roughly the same as the range.  For the reported range, the estimated 

standard deviation is 140 milliliters, and at the chosen sample size, the minimum 

detectable difference between the groups at 80 percent power and p < .05 would 
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be 121 milliliters.  The effect size for menstrual cycle length, whose reported 

standard deviation is 1.7 days (Greb, et al. 2005), is 1.5 days.  For follicular 

phase length, the detectable effect size was 3.8 days, given a published standard 

deviation of 4.4 days (Waller, et al. 1998).  The minimum detectable difference in 

luteal phase length between PROGINS carriers and non-carriers is 1.2 days, 

given a published standard deviation of 1.41 days (Lenton, et al. 1984).   

 

Eligibility Criteria 

 

In order to recruit these two groups of 22 individuals, women were 

recruited from the Philadelphia, PA area.  After providing informed consent, 

women were screened for appropriateness in the study and genotyped for the 

PROGINS allele (see Study Questionnaire, Appendix A).  Enrollment in the study 

was limited to women who were not pregnant or lactating or using hormonal birth 

control, IUDs, or fertility drugs; were ages 20 to 45, premenopausal, and not 

underweight or obese (having a BMI less than 18.4 or greater than 30.0 

kilograms per meter squared), due to known or likely impacts of all of these 

factors on the uterus directly or on ovarian hormone production.  Women were 

also excluded from the study if they had missed a menstrual period within twelve 

months prior to enrollment, used hormonal contraceptives within three months 

prior to enrollment, or used fertility drugs within six months prior to enrollment.  

Women who had been diagnosed with uterine fibroids, endometriosis, polycystic 
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ovarian syndrome, or cervical, uterine, breast, or ovarian cancer were also 

excluded.  Finally, given that the highest frequencies of the PROGINS allele have 

been reported in populations of European descent (Agoulnik, et al. 2004; 

Donaldson, et al. 2002), subject recruitment was selectively limited to individuals 

who self-identified as ―Caucasian‖.   

 

Overall Study Sample Size Estimation 

 

The study protocol was divided into two parts: part 1, in which study 

subjects were recruited, enrolled, screened, and genotyped, and part 2, in which 

study subjects recorded menstrual cycle data at home, collected saliva samples 

for later hormonal analysis, and underwent the ultrasound procedure.  In order to 

have complete data sets for 22 PROGINS carriers and 22 non-carriers, I aimed 

to enroll 150 women (Figure 2).  It was estimated that approximately ten percent 

(three individuals in each group) of the women who participated in part 2 would 

be lost to follow-up and would not yield complete data sets, based on the results 

of similar studies (Janssen, et al. 1995; Wyatt, et al. 2001).  Since there was a 

time lag between the initial study visit and the invitation to participate in part 2, 

we estimated that an additional fifteen percent of participants (five individuals in 

each group) would be lost to follow-up from part 1. Thus, 30 PROGINS carriers 

and 30 non-carriers would need to be enrolled and identified in order to have 

complete data sets for 22 individuals in each group.  In order to identify 
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30 PROGINS carriers, 150 individuals would be needed to enrolled and 

genotyped, based on a conservative estimate of PROGINS carrier frequency of 

20 percent in US Caucasians (18.3 to 37.5 percent of US Caucasians carry the 

PROGINS allele (Agoulnik, et al. 2004; Donaldson, et al. 2002).  The study 

protocol and all study subject materials were approved by the Temple University 

Institutional Review Board.   

 

 
Figure 2. Study Design. 
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Study Protocol 

 

Part 1 of the Study: Recruitment, Enrollment and Initial Data Collection 

 

Subjects were recruited from the Philadelphia, Pennsylvania area by 

placing advertisements at various locations on the Temple University Main 

Campus and the Temple University Health Sciences Campus and posting 

electronic advertisements on http://philadelphia.craigslist.org and via the Temple 

TODAY daily e-mail notice, sent to the entire Temple University community (see 

Appendix B, Study Advertisement).  This advertisement described the nature of 

the study in general terms and provided some eligibility criteria.  The 

advertisement directed those interested in participating to e-mail or call the study 

office and to read a website that was initially created for the purposes of 

recruitment (www.temple.edu/anthro/uterusresearch) in that it explained the 

eligibility criteria and requirements of the study in more detail.  After they 

contacted the study office, potential study subjects received an e-mail reviewing 

the eligibility requirements and asking them to set up an appointment for their 

initial visit.   

 

At their initial visit, subjects were formally enrolled in the study by 

providing informed consent and signing HIPAA documentation.  Study subjects 

then completed a questionnaire that assessed their eligibility for the study and 

http://philadelphia.craigslist.org/
http://www.temple.edu/anthro/uterusresearch
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collected life history information including age, age at menarche, parity (number 

of pregnancies), smoking behavior (―I currently smoke‖, ―I do not currently smoke 

but have smoked in the past year‖, and ―I do not smoke‖), and history of 

hormonal contraceptive use (―I currently use‖ or used in the past / how long ago 

(see Appendix A, Study Questionnaire).  Each individual’s weight in pounds was 

measured using a digital scale (Health-o-meter) and her stature in centimeters 

was measured using a portable stadiometer (manufactured by GPM).  Waist and 

hip circumferences were measured in centimeters using a tape measure.  All 

anthropometric data were recorded on each individual’s questionnaire.  Finally, 

study subjects provided a mouthwash sample for genotyping by swishing a small 

(approximately five milliliters) amount of mouthwash (Listerine) in their mouths 

and then expectorating into a sterile 15-millliliter centrifuge tube.  The samples 

were refrigerated at four degrees Centigrade until they were genotyped (see 

Laboratory Methods section).  Each participant’s questionnaire was reviewed for 

eligibility, and her life history and anthropometric data were recorded 

electronically.  The anthropometric data were used to calculate each individual’s 

BMI (after this data was converted from pounds to kilograms) and waist-to-hip 

ratio (see Equations 1 and 2).   

Equation 1. Calculation of BMI. 

2(m)) (height

(kg) weight
BMI   
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Equation 2. Calculation of waist-to-hip ratio. 

(cm) ncecircumfere hip

(cm) cecirumferen waist
ratio hipwaist   

 

All eligible PROGINS carriers and some eligible non-carriers were asked 

to participate in part 2 of the study.  Participants in part 2 were given a study kit 

containing instructions (see Appendix C, Study Part 2 Instructions), menstrual 

cycle calendars (see Appendix D, Sample Menstrual Cycle Calendar), 

two packages of sanitary pads (Kotex), tampons (Tampax), fifteen ovulation test 

strips (BabyHopes), six urinalysis cups, one pregnancy test strip (AimStrip), and 

sterile 15-milliliter centrifuge tubes labeled with the appropriate subject number.  

Subjects were also given brief verbal instructions regarding the requirements of 

part 2 of the study. 

 

Part 2 of the Study: Menstrual Cycle Data and Saliva Sample Collection and 

Transvaginal Ultrasounds 

 

Study subjects were asked to record data over three menstrual cycles, 

and were given one menstrual cycle calendar for each cycle.  Subjects were 

instructed to begin data collection for the study once their next menstrual period 

began.  They were first asked to record the date of the first day of menses for 

each cycle.  Then, they were asked to use only the pads and tampons provided 

in the kit, observe the amount of staining (light, medium, or heavy) on the pads or 



47 

tampons, and record the number of pads or tampons they used each day that 

exhibited light, medium, or heavy staining before they were discarded on their 

menstrual cycle calendars, following the method described by Janssen et al. 

(1995) (see Appendix D, Sample Menstrual Cycle Calendar).  Study subjects 

were also asked to check off each day they participated in ―vigorous‖ or 

―moderate‖ physical activity (or both) on their calendars.  ―Vigorous‖ physical 

activity was defined as ―jogging, running, swimming, brisk walking, aerobics, 

playing sports, digging in the garden, and other similar activities‖, while 

―moderate‖ physical activity was defined as ―sports such as golf, yard work, 

heavy house cleaning, biking on level ground, and other similar activities‖.  

Subjects were also asked to determine whether they ovulated on days 12 

through 16 of their cycle (counting day one as the first day of menses) by 

urinating into the provided urinalysis cups, dipping in an ovulation test strip, and 

recording the day and date of the positive result (if one was observed) on their 

menstrual cycle calendar for that cycle.   

 

During their third cycles, study participants were also asked to collect at 

least five milliliters of their saliva on a daily basis.  Subjects were directed to 

collect first morning saliva samples, or at least before they had eaten or drunk 

anything.  Failing that, subjects were asked to rinse their mouths with water and 

wait at least five minutes before collection.  Subjects were told that they could 

stimulate the flow of their saliva by chewing gum or rinsing their mouths with 
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water and then waiting for a brief period.  After collection, subjects were told to 

write the collection date on the tube and store the saliva sample in their home 

freezer.   

Ultrasound Procedure 

 

Ultrasound appointments were scheduled, when possible, on day ten after 

ovulation (i. e., in the middle of the luteal phase of the cycle, using the date of 

ovulation as ―day zero‖).  This date was estimated using the first days of menses 

for cycles one, two, and three and from the dates of positive ovulation test results 

from cycles one and two, when available.  When positive ovulation test results 

were not available for the previous two cycles, the date of ovulation was set at 

day 14 after the onset of menses.   

 

On the day of the ultrasound appointment, subjects were asked to collect 

their first morning urine in a urinalysis cup and dip the provided pregnancy 

detection strip in their urine.  If they observed a positive pregnancy test result, 

subjects were instructed to not attend their ultrasound appointment, and were 

removed from the study.  If they observed a negative pregnancy test result, 

subjects were instructed to attend their ultrasound appointment as scheduled. 

 

Transvaginal ultrasounds were performed by licensed sonographers in the 

Radiology Department of Temple University Hospital in Philadelphia, PA.  The 
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ultrasound procedure involved the use of a Philips ATL HD1 5000 ultrasound 

machine with a C8-4V endocavity probe set at four to eight megahertz.  The 

probe was covered with a condom and inserted vaginally, and the standard 

Temple University Hospital procedure for transvaginal ultrasound was followed to 

scan an image of the endometrium and measure its maximal thickness along the 

longitudinal plane.  Dr. Harshad Patel of Temple University Hospital’s 

Department of Radiology reviewed the ultrasound images and produced an 

ultrasound report for each individual, including endometrial thickness in 

millimeters or centimeters and a description of any anomalies discovered in the 

scan.  After their ultrasound procedure, study participants were directed to return 

their completed menstrual cycle calendars and saliva samples to the laboratory, 

where the latter were stored at -20 degrees Centigrade until they were assayed. 
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Laboratory Methods 

 

Genotyping Protocol 

 

DNA Extraction 

DNA was extracted and purified from mouthwash samples using the 

QIAmp Mini Blood DNA kit (QIAGEN) and following the spin protocol for blood 

and body fluids, yielding 200 microliters of extracted DNA. 

 

PCR 

Determination of PROGINS carrier status was done by amplifying the 

portion of intron G of the progesterone receptor gene that contains the 306 base-

pair length Alu insert that is in complete linkage disequilibrium with the other two 

components of the PROGINS allele, a synonymous substitution in exon five and 

a G to T non-synonymous substitution in exon four of the gene (Kieback, et al. 

1998; Kurz, et al. 2001; Romano, et al. 2007).  Each 25-microliter PCR reaction 

consisted of two microliters of extracted sample DNA, 2.5 microliters 

of 10X buffer (Applied Biosystems), 2.5  microliters of magnesium chloride 

(Applied Biosystems), two microliters of deoxynucleotide triphosphate mix 

(Applied Biosystems), five microliters of primer mix (from a working solution 

containing five picomoles per microliter of each primer; Invitrogen), 0.2 microliters 

of Taq DNA polymerase (Applied Biosystems), and 10.8 microliters of molecular-
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grade water (GIBCO).  Samples were amplified using 30 PCR cycles and 

annealing temperature of 58 degrees Centigrade.  The following primers were 

used for PCR analysis (Wang-Gohrke, et al. 2000):   

 

forward: 5’-GCCTCTAAAATGAAAGGCAGAAAGC-3’ and  

reverse: 5’-GCGCGTATTTTCTTGCTAAATGTCTG-3’. 

 

PCR products were visualized on six-percent polyacrylamide gels.  

Individual genotypes were determined based on the presence or absence of the 

306 base-pair length Alu insert in amplified fragments, or amplicons.  Amplicons 

from individuals who did not carry the PROGINS allele (in other words, wildtype 

homozygotes) exhibited only bands that were 170 base-pairs in length.  

Amplicons containing the Alu insertion were 476 base-pairs in length, so 

PROGINS homozygotes exhibited bands that were 476 base-pairs long. 

Heterozygotes exhibited bands at both 170 and 476 base-pairs.  Band size was 

determined by comparing the position of the bands on the gel to a DNA ―ladder‖ 

with bands at 50-base-pair increments (Invitrogen). 
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Salivary Progesterone Quantification 

 

Salivary Progesterone Sample Selection 

The salivary progesterone protocol evaluates progesterone levels in the 

immediate pre-ovulatory period, across ovulation, and throughout the luteal 

phase up until the day of the cycle on which the ultrasound procedure was 

performed.  Using the date of the positive ovulation test result as ―day zero‖, 

samples were selected for progesterone quantification on days six, four, and two 

before ovulation, the day of ovulation (―day zero‖), and days two, four, six, eight, 

and ten after ovulation.  Day ten was the most commonly scheduled day for the 

ultrasound procedure; when this was not the case, the sample date of the 

ultrasound procedure (e. g., ―day 12‖) was selected as well.  If the study subject 

did not have a positive ovulation test result in the third cycle, the day of ovulation 

was estimated by using the dates of the onset of menses and the dates of 

positive ovulation test results for the previous two cycles, when available.  When 

no positive ovulation test results were available, the day of ovulation was 

estimated for the third cycle as day 14 after the onset of menses.   

 

Steroid Extraction Protocol 

Saliva samples were prepared for extraction by freezing at -20 degrees 

Centigrade, thawing to room temperature, and vortexing in order to break the 

mucin strands (Ellison 1988).  Samples were then centrifuged at 3000 revolutions 
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per minute for 15 minutes.  Five-hundred microliters of supernatant was 

transferred to a glass test tube, and then mixed with two milliliters of HPLC-grade 

methylene chloride.  The methylene chloride (bottom) layer was then transferred 

to a fresh glass test tube using a Pasteur pipette, and allowed to dry.  Once 

completely dried, the samples were vortexed with 500 microliters of HPLC-grade 

water.  Due to the hazardous nature of methylene chloride, all work using this 

reagent was accomplished in a fume hood while wearing appropriate personal 

protective equipment (labcoat, Nitrile gloves, and safety glasses). 

 

Salivary Progesterone Enzyme Immunoassay (EIA) Protocol 

Samples were assayed in duplicate using salivary progesterone enzyme 

immunoassay kits (DRG International), and following the manufacturer’s 

instructions.  A Rodbard regression curve was constructed using the absorbance 

data and the known concentrations of standards supplied in the kit (Equation 3 

and Figure 3) (DeLean et al. 1978).  The regression constants a, b, c, and d were 

fit using IBM SPSS Statistics Version 19.  In the Rodbard equation, y represents 

the absorbance values (in absorbance units) of the standards and x represents 

standard concentrations (in picograms per milliliter). 
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Equation 3. The Rodbard standard curve equation. 

b

c

x

da
dy














1

 

 

 
Figure 3. Example progesterone standard regression curve. 

 

Individual sample progesterone concentrations were calculated using 

absorbance values and the inverse of the Rodbard regression curve equation 

(Equation 4). 
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Equation 4. Inverse of the Rodbard standard curve equation. 

b

dy

da
cx

1

1






















 

 

These concentration values, in picograms per milliliter, were converted to 

picomoles per liter by multiplying by 3.18 (one picogram per milliliter 

progesterone equals 3.18 picomoles per liter progesterone).  A progesterone 

profile was plotted for each individual using these progesterone concentrations in 

picomoles per liter and sample collection day relative to ovulation (―day zero‖) 

(Figure 4).  The mean mid-luteal salivary progesterone concentration for each 

individual was calculated by averaging the progesterone concentrations for days 

five to eleven after ovulation.  The maximum salivary progesterone concentration 

for this time period (―peak mid-luteal salivary progesterone‖) was also reported. 
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Figure 4. Sample salivary progesterone profile from one individual. 

 

Data Analysis 

 

Calculating Estimated Menstrual Blood Loss 

 

The amount of blood loss during each menstrual cycle was calculated 

according to the method used by Janssen et al. (1995).  The number of pads and 

tampons used each day in each staining category were tallied for the entire 

cycle, then multiplied by one for lightly stained pads or tampons, five for pads or 

tampons with ―medium‖ staining‖, ten for heavily stained tampons, and twenty for 
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heavily stained pads (see Table 8 and Appendix D).  Then, these numbers were 

tallied for each staining category to arrive at an estimate of the volume of 

menstrual blood lost in milliliters during one cycle.  The estimates for each cycle 

were then averaged for each individual. 

 

Calculating Menses Duration and Menstrual Cycle and Phase Lengths 

 

Since study subjects were asked to record the sanitary products they used 

on each day they experienced menstrual bleeding, menses duration is simply 

equal to the number of the last day on which sanitary product use was recorded.  

In the example in Table 8, menses duration would be six days.  Menses duration 

for each cycle was averaged for each individual. 

 

Total menstrual cycle length was calculated by counting the number of 

days from the first day of a given cycle from the date of the first day of the next 

cycle.  Subjects were asked to record the calendar date of the first day of 

menses for cycles one, two, and three, as well as the first day of menses of the 

following cycle (―cycle four‖).  If cycle one began on May 1, 2010 and cycle two 

began on May 31, 2010, the cycle length would be 30 days.  The mean 

menstrual cycle length of three cycles was calculated for each individual. 
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The lengths of the follicular and luteal phases could be calculated if a 

subject recorded a positive ovulation test for a given cycle.  The follicular phase 

length was calculated by subtracting the date of the first day of menses of a 

given cycle from the date of ovulation.  The luteal phase length was calculated by 

subtracting the date of ovulation from the date of the first day of menses of the 

next cycle.  For example, if cycle one began on May 1, 2010, ovulation occurred 

on May 14, 2010 and cycle two began on May 31, 2010, the follicular phase 

length would be 13 days and the luteal phase length would be 17 days.  Follicular 

and luteal phase lengths were averaged for each individual from all available 

cycles in which an ovulation data was recorded. 

 

Table 8.  Example calculation of estimated menstrual blood loss in 
milliliters 

cycle day 1 2 3 4 5 6 estimated menstrual 
blood loss (mL) 

number of lightly stained 
pads used 

1         1 2 

number of medium 
stained pads used 

  3 1 3 2 1 50 

number of heavily 
stained pads used 

            0 

number of lightly stained 
tampons used 

            0 

number of medium 
stained tampons used 

    2 1 1 1 25 

number of heavily 
stained tampons used 

    1       10 

       TOTAL: 87 mL 
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Calculating Days of Physical Activity 

 

The total number of days in a cycle on which a study subject engaged in 

either vigorous or moderate physical activity were tallied separately. These 

numbers were then tallied for each cycle, subtracting any days on which subjects 

engaged in both vigorous and moderate physical activity.  The total number of 

days of physical activity, days of moderate physical activity, and days of vigorous 

physical activity were averaged for each individual. 

 

Statistical Analysis 

 

Simplification of Parity, Smoking, and Past Hormonal Contraceptive Use Data 

Because there were very few smokers in this population, individuals who 

reported that they either currently smoked or had smoked in the past year were 

classified as ―smokers‖, whereas individuals who reported that they ―did not 

smoke‖ were reported as non-smokers.  Similarly, there were few women in this 

study who had ever been pregnant, so they were classified as either ―parous‖ 

(ever been pregnant) or ―nulliparous‖ (never been pregnant).  Women who 

reported using hormonal contraceptives in the past were classified as ―used 

hormones‖ whereas women who did not use hormones were placed in the ―did 

not use hormones‖ category.  The total number of individuals in each category for 
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these dichotomous variables (smoking, parity, and past hormonal contraceptive 

use) were determined and reported. 

 

Assessment of Hypothesis 1 

 Parametric tests. Student’s t-tests were used to assess hypothesis 1, that 

women who carry the PROGINS allele differ from those who do not with regard 

to endometrial function.  The sample size (n), mean, and standard deviation were 

reported for each group, and the t-statistic and p-value were reported for each 

test. Two-sided Student’s t-tests were also used to establish that PROGINS 

carriers did not differ from non-carriers with regard to characteristics such as age.  

The IBM SPSS Statistics 19 software package was used for all statistical 

analyses in this study, and results were considered statistically significant at 

p ≤ .05.   

 

Non-parametric tests. Two-by-two contingency tables and Fisher’s exact 

test were used to determine if PROGINS carriers and non-carriers differed with 

regard to smoking parity, behavior, or past hormonal contraceptive use.  Two-by-

two contingency tables provide tallies of the individuals in each category 

(Table 9).  Although Chi-squared tests are typically used in such situations, 

Fisher’s exact test is more appropriate for small sample sizes (Glantz 2005).  The 

results of Fisher’s exact tests were reported as p-values. 
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Table 9. Hypothetical 2x2 contingency table and p-value for Fisher’s 
exact test 

 PROGINS 
carriers 

non-
carriers  

p-value 

smokers Observed 
count 

aobserved bobserved p-value 

Expected 
count 

aexpected aexpected  

non-
smokers 

Observed 
count 

cobserved dobserved  

Expected 
count 

cexpected dexpected  

 

 

Assessment of Hypothesis 2 

 Assessing direct effects of predictors on endometrial function.  

Hypothesis 2 argues that endometrial function is affected by interactions 

between the PROGINS allele and life history, lifestyle, progesterone, 

anthropometric, or physical activity variables.  Prior to assessment of actual 

interactions, however, the direct impacts of these variables on endometrial 

function were determined.  Student’s t-tests were used to determine whether 

parity, smoking, or past hormonal contraceptive use affected endometrial 

function.  The sample sizes, means, and standard deviations of each group were 

reported, as were the t-statistics and p-values for each test.  Significant results 

were also depicted in bar graphs.  Pearson’s correlations were used to determine 

whether continuous predictor variables (such as age or BMI) were associated 

with endometrial function variables (McDonald 2009).  Results of Pearson’s 
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correlations were reported as correlation coefficients (R) and p-values.  

Significant correlations were depicted as scatter plots. 

 

 Interactions between PROGINS and dichotomous predictor variables on 

endometrial function.  Interactions between PROGINS and other dichotomous 

variables (such as smoking) were determined using two-way ANOVAs 

(McDonald 2009).  F-statistics and p-values were reported for the main effects of 

both of dichotomous predictor variables as well as for the interaction between the 

two. 

 Interactions between PROGINS and continuous predictor variables on 

endometrial function.  Moderated multiple regression was used to determine 

whether interactions between PROGINS carrier status and continuous predictor 

variables significantly affected endometrial function, following the procedure 

described by Aguinis (2004).  Moderated multiple regression considers the 

possibility that two predictor variables interact with each other.  This statistical 

technique has been used previously to investigate gene-environment interactions 

in studies with both continuous predictor and outcome variables (Caspi, et al. 

2002; Caspi, et al. 2003; Dressler, et al. 2009).  Moderated multiple regression 

determines whether one of the predictor variables, called a moderator, affects 

how the other impacts an outcome variable (Figure 5) (Aiken and West 1991).  

The relationship between the predictor variable and the outcome variable varies 
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as the moderator itself varies.  Equation 5 provides the general moderated 

multiple regression equation.   

 

 

 
Figure 5.  Diagram showing relationships between a moderator, a predictor, 

and an outcome variable. 

 

Equation 5. Moderated regression equation 

XZbZbXbaY 321   

 

 

In Equation 5, Y is the outcome variable, a is the intercept, bi are 

regression coefficients, X is the predictor variable, and Z is the moderator 

variable.  The equation is composed of three terms: the predictor by itself (b1X), 

the moderator by itself (b2Z), and the interaction term (b3XZ).  Although the goal 

of linear regression typically is to assess the significance of the overall model (as 

indicated by R2, for example), in moderated multiple regression, interaction is 

said to occur only if the regression coefficient for the interaction term (b3) is 
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significant (Aguinis 2004).  Essentially, moderated multiple regression tests the 

null hypothesis that adding the interaction term does not improve the fit of the 

regression model using only the predictor and moderator terms (Aguinis 2004).  

In fact, if the interaction term regression coefficient is significant, this indicates 

interaction even if the overall regression model is not itself significant (Bedeian 

and Mossholder 1994).   

 

In order to use moderated multiple regression with PROGINS carrier 

status, it must first be numerically coded.  Since non-carriers can be thought of 

as carrying zero copies of the PROGINS allele, non-carriers are therefore coded 

as ―0‖.  Since only PROGINS carrier status, and not genotype, is being 

considered, PROGINS carriers are coded as ―1‖.  Applying the general 

moderated multiple regression equation to interactions between PROGINS and 

continuous predictor variables yields Equation 6: 

 

Equation 6. Moderated regression equation for PROGINS 

XPROGINSbPROGINSbXbaY  321

 

 

In Equation 6, Y is the outcome variable, a measure of endometrial 

function (such as endometrial thickness); a is the y-intercept; bi is the regression 

coefficient for each term; PROGINS is the moderator variable, PROGINS carrier 

status (zero or one); X is a predictor variable (such as age); and PROGINS x X is 
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the interaction term.  The PROGINS x X interaction term was calculated by 

multiplying numerically coded PROGINS carrier status (zero or one) by X, the 

predictor variable of interest.  Prior to this calculation, most predictor variables 

were ―centered‖ by subtracting the mean of the study population from individual 

values.  For example, if the mean age for all participants was 26, and the age of 

a particular individual was 23, then her centered age would be ―-3‖.  Centering 

facilitates interpretation of moderated multiple regression equations (Aguinis 

2004; Aiken and West 1991).  It is particularly advantageous when no individual 

could have a value of zero for a given predictor (Aguinis 2004).  In this study, 

only the physical activity variables could actually be zero and therefore were not 

centered; it was not possible for zero to be a valid value for any other continuous 

predictor variable. 

 

Following these calculations, moderated multiple regression analysis was 

performed.  For each moderated multiple regression analysis, the sample size 

(n), coefficient of determination (R2) and p-value of the overall model, intercept 

(a), and regression coefficients (bi) with their p-values were reported.  Regression 

lines for significant interactions were then plotted with scatter plots of the original 

data set.  Although moderated multiple regression involves two distinct predictor 

variables, their equations can be plotted in two dimensions by solving Equation 6 

for the two values for PROGINS carrier status (zero and one), as in Equations 7 

and 8 (Aguinis 2004): 
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Equation 7. Moderated Multiple Regression Equation, solved for 
PROGINS=0 (non-carriers) 

XbaY  1  

Equation 8. Moderated Multiple Regression Equation, solved for 
PROGINS=1 (PROGINS carriers) 

XbbbaY  )( 312  

 

Since a, b1, b2, and b3 are all constants, these two regression equations can be 

drawn on an ―X-Y‖ axis.  Figure 6 shows an example of regression lines drawn in 

this manner.  Here, Y is an endometrial function variable (for example, 

endometrial thickness) and X is a predictor variable (such as age).  In Figure 6, 

the linear relationship between Y and X changes depending on the PROGINS 

carrier status of the individuals. This diagram is an idealized representation of an 

interaction. 
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Figure 6. Hypothetical moderated regression plot.  

 

 Since two linear equations can be calculated by solving the moderated 

regression for PROGINS carrier status (0 or 1), another way to evaluate 

PROGINS’ interaction with predictor variables would be to fit regression lines to 

Y and X data sets, separated by PROGINS carrier status, and then determine if 

the difference in the slopes of the two regression lines is statistically significant.  

This is equivalent to determining the significance of the interaction term 

regression coefficient (b3) in moderated multiple regression (Aiken and West 

1991).  Furthermore, the significance of the regression coefficients for the 

PROGINS term (b2) is equivalent to determining whether the difference in slopes 

between the two regression lines is significant.  Thus, the moderated multiple 
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regression procedure accomplishes the same goals as a comparison of separate 

regressions in one statistical analysis. 
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CHAPTER 5 

RESULTS 

Study Population Characteristics 

 

Study Population Size 

 

A total of 104 women participated in this study by attending initial 

interviews in which they completed the study questionnaire, provided a 

mouthwash sample for PROGINS genotyping, and had anthropometric data 

collected.  Ten women were excluded because they did not meet study 

requirements.  The remaining 94 women (27 PROGINS carriers and 67 non-

carriers) were invited to participate in part 2 of the study.  Of the 94 women 

invited to participate further, 52 women (18 PROGINS carriers and 34 non-

carriers) picked up study kits and completed some portion of the remaining study 

(Table 10): 38 underwent ultrasound testing (14 PROGINS carriers and 24 non-

carriers), 39 returned usable saliva samples for hormonal analysis (14 PROGINS 

carriers and 25 non-carriers), and 46 returned completed menstrual cycle 

calendars (17 PROGINS carriers and 29 non-carriers).  Menstrual cycle data 

(including follicular and luteal phase lengths) were available from an additional 

five women, even though they did not return their menstrual cycle calendars.  

This is because participants were asked to e-mail the dates of the first day of 

menstrual bleeding for all three cycles as well as the dates of positive ovulation 
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tests for the first two cycles in order to set up ultrasound appointments.  Thus, 

there are menstrual cycle data available for 51 women (18 PROGINS carriers 

and 33 non-carriers). 
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Table 10.  Available types of data for the subset of 52 individuals who 

completed some portion of the study 

Data Type 
Total Individuals 
with Available 
Data 

PROGINS carriers 
with available data  

Non-carriers 
with available 
data  

Life history, 
lifestyle, and 
anthropometric 
measures 

52 18 
(4 PROGINS 
homozygotes, 
14 heterozygotes) 

34 

Endometrial 
thickness from 
ultrasound study 

38 14 
(4 PROGINS 
homozygotes, 
10 heterozygotes) 

24 

Progesterone 
levels from 
saliva samples 

39 14 
(3 PROGINS 
homozygotes and 
11 heterozygotes) 

25 

Menstrual cycle 
length from 
menstrual cycle 
calendars or e-
mails 

51 18 
(4 PROGINS 
homozygotes and 
14 heterozygotes) 

33 

Ovulation date 
from menstrual 
cycle calendars 
or e-mails 

50 18 
(4 PROGINS 
homozygotes and 
14 heterozygotes) 

33 

Menses duration 
and estimated 
menstrual blood 
loss from 
menstrual cycle 
calendars 

46 17 
(4 PROGINS 
homozygotes and 
13 heterozygotes) 

29 

Physical activity 
from menstrual 
cycle calendars 

46 17 
(4 PROGINS 
homozygotes and 
13 heterozygotes) 

29 
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Characteristics of PROGINS Carriers and Non-Carriers 

 

PROGINS carriers reached age at menarche about one year earlier than 

did non-carriers (p = .049), but otherwise did not differ from non-carriers with 

regard to any life history, progesterone, anthropometric, or physical activity 

variables, as indicated by the results of Student’s t-tests (Table 11), in contrast to 

the finding that PROGINS carriers exhibited higher levels of peak mid-luteal 

progesterone, presented in a preliminary report for a smaller, earlier dataset 

(Rowe, et al. 2010).  The results of Fisher’s exact tests indicate that PROGINS 

carriers likewise did not differ from non-carriers with regard to the distribution of 

parous and nulliparous individuals, smokers and non-smokers, and past 

hormonal contraceptive users versus those who did not use hormonal 

contraceptives (Table 12).   
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Table 11. PROGINS carriers versus non-carriers: Student’s t-test results 
for life history, lifestyle, progesterone, anthropometric, and 
physical activity variables 

variable PROGINS carriers non-carriers t-statistic 
(p-value) n mean standard 

deviation 
n mean standard 

deviation 

age (years) 18 27.1 6.8 34 26.6 5.0 .257 
(.799) 

age at 
menarche 
(years) 

18 13.1 1.3 34 12.2 1.4 2.036 
(.049) 

peak mid-
luteal salivary 
progesterone 
(pmol/L) 

14 454.3 258.8 25 421.5 171.3 .425 
(.676) 

mean mid-
luteal salivary 
progesterone 
(pmol/L) 

14 292.0 112.2 25 315.0 134.2 -.572 
(.571) 

BMI (kg/m2) 18 23.4 2.7 34 23.1 3.0 .456 
(.651) 

height (cm) 18 164.7 4.5 34 163.3 6.9 .267 
(.790) 

weight (kg) 18 63.9 9.8 34 62.4 10.2 .496 
(.623) 

waist-to-hip 
ratio 

18 .82 .05 34 .81 .06 .684 
(.498) 

waist 
circumferenc
e (cm) 

18 83.8 9.3 34 81.6 9.7 .775 
(.437) 

hip 
circumferenc
e (cm) 

18 101.8 7.9 34 100.2 7.8 .705 
(.485) 

mean days of 
physical 
activity per 
cycle 

17 20.0 6.2 28 18.3 8.7 .765 
(.449) 
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Table 11. (continued) 

variable PROGINS carriers non-carriers t-statistic 
(p-value) n mean standard 

deviation 
n mean standard 

deviation 

mean days 
of moderate 
physical 
activity per 
cycle 

17 12.9 7.7 28 11.2 7.2 .735 
(.468) 

mean days 
of vigorous 
physical 
activity per 
cycle 

17 8.4 3.5 28 7.5 5.2 .681 
(.500) 

 

Table 12.  2x2 contingency table and results of Fisher’s exact test for 
PROGINS and parity, smoking, and past hormonal 
contraceptive use 

Variable  PROGINS 
carriers 
(n=18) 

non-carriers 
(n=34) 

p-value 

Parous? YES Observed count 0 7 .081 

Expected count 2.4 4.6 

NO Observed count 18 27 

Expected count 15.6 29.4 

Past 
hormone 
user? 

YES Observed count 11 17 .562 

Expected count 9.7 18.3 

NO Observed count 7 17 

Expected count 8.3 15.7 

Current or 
past 
smoker? 

YES Observed count 7 6 .108 

Expected count 4.5 8.5 

NO Observed count 11 28 

Expected count 13.5 25.5 
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A comparison of PROGINS carriers and non-carriers using Fisher’s exact 

test demonstrated that the numbers of positive ovulation tests did not differ 

between these two groups for any menstrual cycle (Table 13). 

 

The PROGINS Allele Impacts Endometrial function 

 

Student’s T-Test Results 

 

The primary hypothesis predicted that PROGINS carriers differ with regard 

to endometrial function, as measured by endometrial thickness, menstrual cycle 

characteristics (mean menstrual cycle length, mean follicular phase length, and 

mean luteal phase length), length of menstrual bleeding, and estimated volume 

of menstrual blood lost.  PROGINS carriers differed from non-carriers 

significantly with regard to luteal phase length (Table 14).  PROGINS carriers 

had significantly shorter luteal phases than non-carriers (14.1 versus 16.2 days, 

p = .016). The difference in mean menses duration between the two groups 

nearly reached statistical significance, with PROGINS carriers having longer 

menses than non-carriers (5.6 versus 5.0 days, p = .058). 
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Table 13.  Numbers of positive ovulation tests in PROGINS carriers and 

non-carriers: 2x2 contingency table and Fisher’s exact test 
results 

Menstrual 
cycle 

Positive 
ovulation 
test 

Counts Total 
population  

PROGINS 
carriers 
 

non-
carriers 

Fisher’s 
exact 
test 
p-
values 

1 YES Observed 
count 

34 11 23 .761 

Expected 
count 

11.8 22.2 

NO Observed 
count 

18 7 11 

Expected 
count 

6.2 11.8 

2 YES Observed 
count 

34 12 22 1.000 

Expected 
count 

11.8 22.2 

NO Observed 
count 

18 6 12 

Expected 
count 

6.2 11.8 

3 YES Observed 
count 

31 13 21 .769 

Expected 
count 

13.7 20.3 

NO Observed 
count 

21 8 10 

Expected 
count 

7.3 10.7 
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Table 14.  Student’s t-test results for PROGINS and endometrial function 

variable PROGINS carriers non-carriers t-statistic  
(p-value) n mean standard 

deviation 
n mean standard 

deviation 

Endometrial 
thickness (mm) 

14 9.3 2.3 24 9.8 1.9 -.709 
(.486) 

Mean estimated 
menstrual blood 
loss (mL) 

17 86.3 30.9 29 73.4 26.4 1.444 
(.159) 

Mean menses 
duration (days) 

17 5.6 1.2 29 5.0 .8 1.989 
(.058) 

Mean menstrual 
cycle length 
(days) 

18 28.3 3.5 32 29.6 3.0 -1.285 
(.208) 

Mean follicular 
phase length 
(days) 

16 13.5 1.9 26 13.4 1.6 .157 
(.876) 

Mean luteal 
phase length 
(days) 

16 14.1 2.5 25 16.2 2.7 -2.531 
(.016) 
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The Direct Impact of Life History, Lifestyle, Progesterone, Anthropometric, and 

Physical Activity Variables on Endometrial function 

 

Student’s t-tests were used to determine whether the dichotomous 

predictor variables (parity, smoking behavior, or past hormonal contraceptive 

use) affected endometrial function (Tables 15 through 17).  Smokers were found 

to have significantly shorter luteal phases than non-smokers (13.7 versus 15.9 

days, p = .035).  Smokers also lost more menstrual blood per menses than did 

non-smokers (94.4 versus 72.5 milliliters), although this result did not quite meet 

statistical significance (p = .072).  Women who had not used hormones in the 

past had longer luteal phases (16.2 versus 14.6 days), although again this 

difference did not meet statistical significance (p = .086). 
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Table 15.  Student’s t-tests for parity and endometrial function 

variable parous nulliparous t-statistic  
(p-value) n mean standard 

deviation 
n mean standard 

deviation 

Endometrial 
thickness (mm) 

6 10.1 1.5 32 9.1 2.1 .734 
(.481) 

Mean estimated 
menstrual blood 
loss (mL) 

5 73.3 14.5 41 78.8 29.8 -.692 
(.506) 

Mean menses 
duration (days) 

5 5.1 .8 41 5.3 1.0 -.535 
(.612) 

Mean menstrual 
cycle length 
(days) 

7 28.6 2.0 43 29.2 3.4 -.654 
(.525) 

Mean follicular 
phase length 
(days) 

5 13.1 1.2 37 13.5 1.7 -.671 
(.525) 

Mean luteal 
phase length 
(days) 

5 15.2 1.8 36 15.4 3.0 -.214 
(.836) 
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Table 16.  Student’s t-tests for smoking and endometrial function 

variable smokers non-smokers t-statistic  
(p-value) n mean standard 

deviation 
n mean standard 

deviation 

Endometrial 
thickness (mm) 

11 9.1 1.9 27 9.8 2.1 -1.011 
(.324) 

Mean estimated 
menstrual blood 
loss (mL) 

12 94.4 36.6 34 72.5 23.1 1.941 
(.072) 

Mean menses 
duration (days) 

12 5.7 1.2 34 5.1 .9 1.608 
(.128) 

Mean menstrual 
cycle length 
(days) 

12 27.9 3.7 38 29.5 3.0 -1.366 
(.191) 

Mean follicular 
phase length 
(days) 

11 13.3 2.1 31 13.5 1.5 -.151 
(.882) 

Mean luteal 
phase length 
(days) 

10 13.7 2.6 31 15.9 2.7 -2.310 
(.035) 
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Table 17.  Student’s t-tests for past hormonal contraceptive use and 

endometrial function 

variable hormone users did not use hormones t-statistic  
(p-value) n mean standard 

deviation 
n mean standard 

deviation 

Endometrial 
thickness (mm) 

24 9.7 2.0 14 9.6 2.2 .087 
(.932) 

Mean estimated 
menstrual blood 
loss (mL) 

24 81.0 29.5 22 75.2 27.7 .688 
(.495) 

Mean menses 
duration (days) 

24 5.4 1.1 22 5.1 .8 1.251 
(.218) 

Mean menstrual 
cycle length 
(days) 

27 28.6 2.8 23 29.7 3.6 -1.188 
(.242) 

Mean follicular 
phase length 
(days) 

22 13.1 1.4 20 13.8 1.9 -.1253 
(.218) 

Mean luteal 
phase length 
(days) 

21 14.6 2.3 20 16.2 3.1 -1.767 
(.086) 
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 Pearson’s correlations between the continuous predictor variables (age, 

age at menarche, progesterone levels, anthropometric measures, or days of 

physical activity) and the endometrial function variables yielded significant 

correlations between mean menstrual cycle length and height (R = .294, 

p = .038), follicular phase length and waist-to-hip ratio (R = -.327, p = .035), luteal 

phase length and height (R = -.334, p = .033), luteal phase length and weight 

(R = -.350, p = .025), and luteal phase length and hip circumference (R = -.321, 

p = .041) (Table 18).  Correlations that did not quite meet statistical significance 

included menses duration and total days of physical activity per cycle (p = .082), 

menses duration and days of moderate physical activity per cycle (p = .070), 

menstrual cycle length and age (p =.072), menstrual cycle length and weight 

(p =  .081), and follicular phase length and waist circumference (p = .086). 
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Table 18.  Pearson’s correlation results for predictor variables and 
endometrial function 

Variable endo-
metrial  
thickness 
(mm) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

mean 
menses 
duration 
(days) 

mean 
menstrual 
cycle 
length 
(days) 

mean 
follicular 
phase 
length 
(days) 

mean 
luteal 
phase 
length 
(days) 

age (years) R = .052 
p = .755 

R = -.097 
p = .520 

R =.105 
p = .488 

R = -.257 
p = .072 

R=-.237 
p = .131 

R=-.221 
p = .164 

age at 
menarche 
(years) 

R = -.054 
p = .749 

R = .024 
p = .872 

R =.105 
p = .487 

R = -.100 
p = .492 

R=.000 
p=1.000 

R=-.177 
p = .269 

peak mid-
luteal 
progesterone 

R = -.071 
p = .690 

R = -.133 
p = .420 

R=-.001 
p = .994 

R = .223 
p = .178 

R= .275 
p = .128 

R = -.043 
p = .818 

mean mid-
luteal 
progesterone 

R = -.110 
p = .537 

R = -.240 
p = .141 

R =.030 
p = .854 

R = .165 
p = .323 

R= .190 
p = .297 

R = -.039 
p = .834 

BMI (kg/m
2
) R = -.069 

p = .680 
R = .219 
p = .144 

R =.070 
p = .645 

R = -.146 
p = .313 

R -.164 
p = .301 

R = -.239 
p = .132 

height (cm) R = -.149 
p = .372 

R = -.045 
p = .765 

R =-.013 
p = .933 

R = -.294 
p = .038 

R=-.138 
p = .382 

R = -.334 
p = .033 

weight (kg) R = -.127 
p = .448 

R = .147 
p = .328 

R = .049 
p = .745 

R = -.249 
p = .081 

R=-.203 
p = .197 

R = -.350 
p = .025 

waist-to-hip 
ratio 

R = -.003 
p = .986 

R = -.079 
p = .604 

R =-.048 
p = .754 

R = -.042 
p = .772 

R=-.327 
p = .035 

R = .125 
p = .438 

waist 
circumference 
(cm) 

R = -.104 
p = .535 

R = .082 
p = .590 

R = .051 
p = .737 

R = -.170 
p = .238 

R=-.268 
p = .086 

R = -.140 
p = .383 

hip 
circumference 
(cm) 

R = -.155 
p = .354 

R = .201 
p = .180 

R = .127 
p = .401 

R = -.214 
p = .135 

R=-.103 
p = .515 

R = -.321 
p = .041 

mean days of 
physical 
activity per 
cycle 

R = -.004 
p = .982 

R = .148 
p = .333 

R = .262 
p = .082 

R = .168 
p = .271 

R= .070 
p = .678 

R = .041 
p = .811 
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Table 18. (continued) 
Variable endo-

metrial 
thickness 
(mm) 

mean 
estimated 
menstrua
l blood 
loss (mL) 

mean 
menses 
duration 
(days) 

mean 
menstrua
l cycle 
length 
(days) 

mean 
follicular 
phase 
length 
(days) 

mean 
luteal 
phase 
length 
(days) 

mean days 
of moderate 
physical 
activity per 
cycle 

R = .201 
p = .254 

R = .069 
p = .653 

R = .272 
p = .070 

R = .126 
p = .408 

R =.159 
p = .341 

R = -.029 
p = .865 

mean days 
of vigorous 
physical 
activity per 
cycle 

R = -.219 
p = .214 

R = .206 
p = .175 

R = .184 
p = .227 

R = .225 
p = .137 

R =.021 
p = .900 

R = .095 
p = .576 

 

 

The Effects of Interactions Between PROGINS and Life History, Lifestyle, 

Progesterone, Anthropometric, and Physical Activity Variables on Endometrial 

Function 

 

Results of Two-Way ANOVAs 

 

Potential interactions between PROGINS and parity could not be 

evaluated using two-way ANOVAs because no PROGINS carriers were also 

parous. No significant interactions between PROGINS and smoking or past 

hormonal contraceptive use were found for any endometrial function variable 

(Tables 19 and 20).  Significant main effects were found for PROGINS on 

menses duration and luteal phase length, as well as for smoking on menstrual 
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blood loss.  Smoking also had a non-significant main effect on luteal phase 

length. These results were similar to those obtained from Student’s t-tests for 

PROGINS carrier status and smoking behavior, although the level of significance 

varies between these analyses.  This is in part because two-sided Student’s t-

tests were used, and ANOVAs are one-sided tests.  Also, main effects in two-

way ANOVA analyses evaluate the impact of one predictor variable on an 

outcome variable, while accounting for variation in the other predictor variable on 

the outcome. 

 

 



86 

Table 19.  Results of two-way ANOVAs for PROGINS and smoking on endometrial function 

Endometrial 
function 
variable 

PROGINS Smoker n mean 
 

SD F statistics (p-value) 
main effects interaction 

PROGINS smoking PROGINS x smoking  

Endometrial 
thickness (mm) 

YES YES 6 8.7 2.0 .441 
 (.551) 

.694 
(.411) 

.239 
(.628) 

NO 8 9.8 2.5 

NO YES 5 9.6 1.9 

NO 19 9.9 1.9 

Mean 
estimated 
menstrual 
blood loss (mL) 

YES YES 7 104.1 36.2 1.821 
(.184) 

4.308 
(.044) 

1.286 
(.263) 

 

NO 10 73.9 20.2 

NO YES 5 80.7 36.3 

NO 24 71.9 24.6 

Mean menses 
duration (days) 

YES YES 7 6.1 1.2 3.995 
(.052) 

1.928 
(.172) 

.875 
(.355) 

NO 10 5.3 1.1 

NO YES 5 5.1 1.0 

NO 24 5.0 .8 

Mean 
menstrual 
cycle length 
(days) 

YES YES 7 28.2 4.2 .153 
(.698) 

1.1518 
(.224) 

1.120 
(.295) 

NO 11 28.4 3.2 

NO YES 5 27.5 3.4 

NO 27 30.0 2.8 
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Table 19. (continued) 

Endometrial 
function 
variable 

PROGINS Smoker n mean 
 

SD F statistics (p-value) 

      main effects interaction 
PROGINS smoking PROGINS x smoking  

Mean follicular 
phase length 
(days) 

YES YES 7 13.6 2.4 .274 
(.604) 

.083 
(.775) 

.552 
(.462) 

 NO 9 13.4 1.5 

NO YES 4 12.8 1.5 

 NO 22 13.5 1.6 

Mean luteal 
phase length 
(days) 

YES YES 7 13.7 3.1 1.055 
(.311) 

2.967 
(.093) 

1.102 
(.301) 
 

NO 9 14.4 2.1 

NO YES 3 13.7 1.5 

NO 22 16.5 2.7 
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Table 20.  Results of two-way ANOVAs for PROGINS and past hormonal contraceptive use on endometrial 
function 

Endometrial function 
variable 

PROGINS past 
hormone 
user 

n mean 
 

SD F statistics (p-value) 
main effects interaction 

PROGINS hormones PROGINS 
x 
hormones  

Endometrial thickness 
(mm) 

YES YES 9 9.0 1.7 .185 
(.670) 

.033 
(.857) 

1.059 
(.311) 

NO 5 9.9 3.3 

NO YES 15 10.1 2.0 

NO 9 9.4 1.7 

Mean estimated 
menstrual blood loss 
(mL) 

YES YES 10 86.3 35.2 2.106 
(.154) 

.164 
(.688) 

.171 
(.681) 

NO 7 86.4 26.2 

NO YES 14 77.1 25.4 

NO 15 69.9 27.7 

Mean menses duration 
(days) 

YES YES 10 5.6 1.4 4.920 
(.032) 

.436 
(.513) 

1.775 
(.190) 

NO 7 5.8 0.7 

NO YES 14 5.3 0.9 

NO 15 4.7 0.6 
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Table 20. (continued) 

Endometrial function 
variable 

PROGINS past 
hormone 
user 

n mean 
 

SD F statistics (p-value) 
main effects interaction 

PROGINS hormones PROGINS 
x 
hormones  

Mean menstrual cycle 
length (days) 

YES YES 11 28.1 3.5 1.538 
(.221) 

.857 
(.359) 

.096 
(.758) 

NO 7 28.7 3.8 

NO YES 16 29.0 2.3 

NO 16 30.2 3.5 

Mean follicular phase 
length (days) 

YES YES 10 13.2 1.7 .139 
(.711) 

1.590 
(.215) 

.007 
(.931) 

 NO 6 13.9 2.2 

NO YES 12 13.0 1.2 

 NO 14 13.7 1.9 

Mean luteal phase 
length (days) 

YES YES 10 13.9 3.0 5.083 
(.030) 

1.517 
(.226) 

.380 
(.541) 

NO 6 14.4 1.6 

NO YES 11 15.3 1.3 

NO 14 16.9 3.4 
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Moderated Regression Results 

Several of the PROGINS x X moderated regression terms were found to 

be significant.  PROGINS was found to significantly moderate the impact of age 

on menstrual blood loss (p = .013) (Table 21 and Figure 7).  Menstrual blood loss 

increased slightly with age among non-carriers but decreased steeply with age 

among PROGINS carriers.  Moderated multiple regression analyses did not yield 

evidence for interactions between PROGINS and age at menarche (Table 22) or 

between PROGINS and peak mid-luteal salivary progesterone (Table 23).  

However, PROGINS significantly moderated the impact of mean mid-luteal 

progesterone on mean menstrual cycle length (p = .048) (Table 24 and Figure 8). 

For non-carriers, menstrual cycle length decreased very slightly with increasing 

mean mid-luteal progesterone, whereas menstrual cycle length increased sharply 

with mid-luteal progesterone among PROGINS carriers (Figure 8).    
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Table 21.  Moderated regression results for age and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

age 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x age 
(b3)  

endometrial 
thickness (mm) 

38 .056 
(.576) 

9.807 .088 
(.308) 

-.506 
(.472) 

-.141 
(.248) 

mean 
estimated 
menstrual 
blood loss (mL) 

46 .192 
(.029) 

73.431 1.112 
(.236) 

14.631 
(.079) 

-3.512 
(.013) 

mean menses 
duration (days) 

46 .106  
(.190) 

5.011 .013 
(.697) 

.625 
(.041) 

.002 
(.960) 

mean 
menstrual cycle 
length (days) 

50 .119 
(.118) 

29.556 -.217 
(.051) 

-1.232 
(.185) 

.155 
(.321) 

follicular phase 
length (days) 

42 .060 
(.501) 

13.408 -.079 
(.203) 

.094 
(.862) 

.028 
(.752) 

luteal phase 
length (days) 

41 .213 
(.029) 

16.237 -.178 
(.067) 

-2.146 
(.014) 

.161 
(.239) 
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Figure 7. Menstrual blood loss and age by PROGINS carrier status 
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Table 22.  Moderated regression results for age at menarche and 

PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

menarche 
(b1) 

PROGINS  
(b2) 

PROGINS 
x 
menarche 
(b3) 

endometrial 
thickness 
(mm) 

38 .033  
(.760) 

9.917 .172 
(.634) 

-.427 
(.586) 

-.459  
(.430) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

46 .104  
(.197) 

71.597 -4.817 
(.261) 

12.335 
(.174) 

11.633 
 (.120) 

mean 
menses 
duration 
(days) 

46 .107  
(.185) 

4.996 -.039 
(.790) 

.609 
(.056) 

.160  
(.532) 

mean 
menstrual 
cycle length 
(days) 

50 .106  
(.157) 

29.644 .310 
(.439) 

-.827 
(.400) 

-1.284 
 (.069) 

follicular 
phase 
length 
(days) 

42 .043  
(.638) 

13.425 .167 
(.469) 

.253 
(.661) 

-.502  
(.202) 

luteal phase 
length 
(days) 

41 .158  
(.091) 

16.200 -.001 
(.997) 

-1.830 
(.053) 

-.481 
 (.441) 
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Table 23.  Moderated regression results for peak mid-luteal progesterone 

(peak P) and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

peak P 
(b1) 

PROGINS 
(b2)  

PROGINS 
x peak P 
(b3) 

endometrial 
thickness 
(mm) 

34 .073  
(.513) 

9.804 -.001 
(.712) 

-1.019 
(.154) 

.001  
(.845) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

39 .077  
(.418) 

73.391 -.030 
(.389) 

14.103 
(.155) 

.016 
 (.737) 

mean 
menses 
duration 
(days) 

39 .122  
(.203) 

5.039 .000 
(.994) 

.729 
(.035) 

.000 
 (.865) 

mean 
menstrual 
cycle length 
(days) 

38 .144  
(.146) 

29.410 -.002 
(.672) 

-.874 
(.400) 

.009 
(.085) 

follicular 
phase 
length 
(days) 

32 .144  
(.218) 

13.258 .000 
(.966) 

.351 
(.563) 

.004  
(.180) 

luteal phase 
length 
(days) 

31 .129  
(.286) 

16.136 -.003 
(.384) 

-1.896 
(.085) 

.005  
(.373) 
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Table 24.  Moderated regression results for mean mid-luteal 

progesterone (mean P) and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

mean P 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x mean P 
(b3) 

endometrial 
thickness 
(mm) 

34 .090  
(.409) 

9.818 -.002 
(.510) 

-1.139 
(.121) 

-.001  
(.881) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

39 .105  
(.267) 

74.080 -.040 
(.359) 

11.936 
(.222) 

-.039  
(.639) 

mean 
menses 
duration 
(days) 

39 .124  
(.195) 

5.035 .000 
(.777) 

.737 
(.033) 

.000 
 (.930) 

mean 
menstrual 
cycle length 
(days) 

38 .142  
(.152) 

29.434 -.002 
(.759) 

-.494 
(.636) 

.018 
 (.048) 

follicular 
phase length 
(days) 

32 .110  
(.347) 

13.241 .001 
(.746) 

.580 
(.364) 

.007  
(.199) 

luteal phase 
length (days) 

31 .124  
(.303) 

16.192 -.004 
(.407) 

-1.902 
(.092) 

.006  
(.519) 
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Figure 8. Menstrual cycle length and mean mid-luteal progesterone, by 

PROGINS carrier status 
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and Figure 12) and waist circumference (p = .023; Table 29 and Figure 15) on 

menstrual cycle length were observed.  Menstrual cycle length increased slightly 

with height among non-carriers, whereas it increased dramatically with height 

among PROGINS carriers (p = .049; Table 26 and Figure 11).  Height was also 

the only predictor variable that was significantly correlated with menstrual cycle 

length, independently of PROGINS carrier status.  PROGINS significantly 

moderated the impact of waist-to-hip ratio on both menstrual cycle length 

(p = .033; Table 28 and Figure 13) and luteal phase length (p = .004; Table 28 

and Figure 14).  Non-carriers exhibited a modest decline in either menstrual 

cycle or luteal phase length with increasing waist-to-hip ratio, whereas PROGINS 

carriers exhibited a steeper increase in either luteal phase or menstrual cycle 

length with increasing waist-to-hip ratio.  PROGINS did not significantly moderate 

the impact of hip circumference,  total days of physical activity or days of 

moderate physical activity per cycle on measure of endometrial function (Tables 

30 through 32).  However, PROGINS rather dramatically moderated the 

relationship between vigorous physical activity and menstrual cycle length 

(p = .048; Table 33 and Figure 16).  For non-carriers, there was a slight increase 

in menstrual cycle length with increasing days of vigorous physical activity.  For 

PROGINS carriers, there was an approximate one-half day increase in menstrual 

cycle length for each addition day of vigorous physical activity. 
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Table 25.  Moderated regression results for BMI and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

BMI 
(b1) 

PROGINS  
(b2) 
 

PROGINS 
x BMI 
(b3) 

endometrial 
thickness 
(mm) 

38 .138  
(.162) 

9.882 .143 
(.317) 

-.393 
(.563) 

-.522  
(.036) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

46 .105  
(.194) 

73.024 2.781 
(.115) 

13.133 
(.133) 

-2.278 
(.466) 

mean 
menses 
duration 
(days) 

46 .103  
(.202) 

5.007 .028 
(.647) 

.640 
(.038) 

-.025  
(.817) 

mean 
menstrual 
cycle length 
(days) 

50 .169  
(.035) 

29.558 .095 
(.605) 

-1.076 
(.234) 

-.823  
(.016) 

follicular 
phase length 
(days) 

42 .031  
(.751) 

13.343 -.127 
(.345) 

.188 
(.736) 

.040 
 (.853) 

luteal phase 
length (days) 

41 .204  
(.036) 

16.190 -.034 
(.871) 

-1.836 
(.039) 

-.419  
(.214) 
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Figure 9. Endometrial thickness and BMI, by PROGINS carrier status 

 
Figure 10. Menstrual cycle length and BMI, by PROGINS carrier status 
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Table 26.  Moderated regression results for height and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

height 
(b1) 

PROGIN
S  
(b2) 
 

PROGINS 
x height 
(b3) 

endometrial 
thickness 
(mm) 

38 .048  
(.640) 

9.883 .066 
(.289) 

-.571 
(.421) 

-.074  
(.586) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

46 .066  
(.409) 

73.409 -.027 
(.972) 

13.079 
(.141) 

1.377  
(.432) 

mean 
menses 
duration 
(days) 

46 .138  
(.098) 

5.013 -.012 
(.646) 

.641 
(.033) 

.079  
(.178) 

mean 
menstrual 
cycle length 
(days) 

50 .190  
(.020) 

29.543 .083 
(.291) 

-1.114 
(.211) 

.362  
(.049) 

follicular 
phase 
length 
(days) 

42 .022  
(.835) 

13.371 .034 
(.481) 

.155 
(.780) 

.024  
(.829) 

luteal phase 
length 
(days) 

41 .222  
(.024) 

16.095 .120 
(.108) 

-1.868 
(.033) 

.057  
(.738) 
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Figure 11. Menstrual cycle and height, by PROGINS carrier status 
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Table 27.  Moderated regression results for weight and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

weight 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x weight 
(b3) 

endometrial 
thickness 
(mm) 

38 .067  
(.495) 

9.831 .006 
(.887) 

-.404 
(.565) 

-.081  
(.246) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

46 .086  
(.280) 

73.303 .661 
(.203) 

13.186 
(.135) 

-.800  
(.363) 

mean 
menses 
duration 
(days) 

46 .112  
(.168) 

5.009 .011 
(.523) 

.651 
(.033) 

-.023  
(.447) 

mean 
menstrual 
cycle length 
(days) 

50 .190  
(.020) 

29.562 -.006 
(.907) 

-1.052 
(.238) 

-.212  
(.024) 

follicular 
phase length 
(days) 

42 .048  
(.592) 

13.318 -.047 
(.226) 

.228 
(.683) 

.018 
 (.763) 

luteal phase 
length (days) 

41 .223  
(.024) 

16.101 -.066 
(.264) 

-1.746 
(.047) 

-.052  
(.574) 
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Figure 12. Scatter plot and regression curves for PROGINS moderation of 

weight on mean menstrual cycle length 
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Table 28.  Moderated regression results for waist-to-hip ratio (WH ratio) 

and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

WH ratio 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x WH ratio 
(b3) 

endometrial 
thickness 
(mm) 

38 .032  
(.769) 

9.834 -3.086 
(.673) 

-.488 
(.494) 

10.642 
(.444) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

46 .077  
(.335) 

73.371 4.709 
(.958) 

13.154 
(.137) 

158.287 
(.360) 

mean 
menses 
duration 
(days) 

46 .104  
(.198) 

5.004 .942 
(.760) 

.645 
(.036) 

1.067  
(.856) 

mean 
menstrual 
cycle length 
(days) 

50 .129  
(.093) 

29.608 -9.164 
(.334) 

-1.184 
(.201) 

39.733 
(.033) 

follicular 
phase length 
(days) 

42 .115  
(.195) 

13.321 8.646 
(.104) 

.215 
(.683) 

4.494  
(.668) 

luteal phase 
length (days) 

41 .333  
(.002) 

16.358 -19.712 
(.014) 

-2.156 
(.008) 

46.763 
 (.004) 
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Figure 13. Menstrual cycle length and waist-to-hip ratio, by PROGINS 

carrier status 
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Figure 14. Luteal phase length and waist-to-hip ratio, by PROGINS carrier 

status 
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Table 29.  Moderated regression results for waist circumference (waist) 

and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

waist 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x waist 
(b3) 

endometrial 
thickness 
(mm) 

38 .042 
(.688) 

9.829 .001 
(.988) 

-.415 
(.562) 

-.059  
(.426) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

46 .062 
(.440) 

73.570 .375 
(.484) 

13.001 
(.146) 

-.568 
(.538) 

mean 
menses 
duration 
(days) 

46 .102 
(.204) 

5.013 .007 
(.714) 

.641 
(.038) 

-.012 
(.695) 

mean 
menstrual 
cycle length 
(days) 

50 .160 
(.044) 

29.572 .023 
(.683) 

-.978 
(.283) 

-.225 
(.023) 

follicular 
phase 
length 
(days) 

42 .084 
(.338) 

13.285 -.060 
(.095) 

.268 
(.624) 

.027 
(.642) 

luteal phase 
length 
(days) 

41 .195 
(.043) 

16.256 .033 
(.555) 

-1.926 
(.032) 

-.143 
(.124) 
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Figure 15. Menstrual cycle length and waist circumference, by PROGINS 

carrier status 
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Table 30.  Moderated regression results for hip circumference (hips) and 

PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

hips 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x hips 
(b3) 

endometrial 
thickness 
(mm) 

38 .043  
(.679) 

9.812 -.019 
(.718) 

-.406 
(.570) 

-.050  
(.588) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

46 .085  
(.288) 

73.539 .752 
(.248) 

12.287 
(.164) 

-.304 
(.780) 

mean 
menses 
duration 
(days) 

46 .113  
(.166) 

5.014 .018 
(.418) 

.631 
(.039) 

-.016  
(.675) 

mean 
menstrual 
cycle length 
(days) 

50 .121  
(.111) 

29.557 -.017 
(.807) 

-1.039 
(.264) 

-.183  
(.128) 

follicular 
phase length 
(days) 

42 .024  
(.813) 

13.323 -.044 
(.344) 

.148 
(.793) 

.048  
(.514) 

luteal phase 
length (days) 

41 .198  
(.041) 

16.059 -.096 
(.181) 

-1.810 
(.044) 

.012  
(.913) 
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Table 31.  Moderated regression results for mean total days of physical 

activity per cycle (total PA) and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

total PA 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x total PA 
(b3) 

endometrial 
thickness 
(mm) 

34 .077  
(.485) 

9.318 .036 
(.517) 

1.790 
(.421) 

-.130  
(.232) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

45 .058  
(.479) 

67.391 .400 
(.526) 

5.788 
(.832) 

.259  
(.844) 

mean 
menses 
duration 
(days) 

45 .207  
(.022) 

4.161 .046 
(.030) 

1.990 
(.030) 

-.071 
 (.103) 

mean 
menstrual 
cycle length 
(days) 

45 .062  
(.445) 

27.844 .090 
(.226) 

-.263 
(.934) 

-.048  
(.754) 

follicular 
phase 
length 
(days) 

38 .016  
(.904) 

12.747 .031 
(.521) 

1.156 
(.535) 

-.054  
(.549) 

luteal phase 
length 
(days) 

37 .127  
(.208) 

15.994 .005 
(.943) 

-3.671 
(.202) 

.089  
(.517) 
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Table 32.  Moderated regression results for mean days of moderate 

physical activity per cycle (moderate PA) and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

moderate 
PA 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x 
moderate 
PA 
(b3) 

endometrial 
thickness 
(mm) 

34 .139  
(.206) 

9.780 .021 
(.761) 

1.109 
(.403) 

-.151  
(.128) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

45 .075  
(.357) 

66.788 .708 
(.351) 

10.430 
(.537) 

.000  
(1.000) 

mean 
menses 
duration 
(days) 

45 .223  
(.015) 

4.309 .062 
(.016) 

1.465 
(.010) 

-.072  
(.069) 

mean 
menstrual 
cycle length 
(days) 

45 .070  
(.387) 

28.110 .123 
(.170) 

.534 
(.787) 

-.141  
(.312) 

follicular 
phase length 
(days) 

38 .049  
(.633) 

12.460 .079 
(.203) 

.958 
(.422) 

-.077  
(.368) 

luteal phase 
length (days) 

37  .109  
(.275) 

16.007 .008 
(.940) 

-1.947 
(.311) 

.005  
(.973) 
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Table 33.  Moderated regression results for mean days of vigorous 

physical activity per cycle (vigorous PA) and PROGINS 

endometrial 
function 
variable 

n R2  
(p-value) 

intercept regression coefficients (p-value) 

main effects interaction 

vigorous 
PA 
(b1) 

PROGINS 
(b2)  
 

PROGINS 
x vigorous 
PA 
(b3) 

endometrial 
thickness 
(mm) 

34 .065  
(.560) 

9.209 .086 
(.392) 

-.666 
(.697) 

.001  
(.996) 

mean 
estimated 
menstrual 
blood loss 
(mL) 

45 .048  
(.561) 

74.066 .085 
(.936) 

3.015 
(.884) 

1.022  
(.654) 

mean 
menses 
duration 
(days) 

45 .124  
(.138) 

4.745 .034 
(.346) 

.638 
(.367) 

-.003  
(.974) 

mean 
menstrual 
cycle length 
(days) 

45 .168  
(.054) 

29.007 .064 
(.582) 

-5.348 
(.021) 

.505 
 (.048) 

follicular 
phase 
length 
(days) 

38 .046  
(.652) 

13.599 -.041 
(.592) 

-1.366 
(.310) 

.190  
(.217) 

luteal phase 
length 
(days) 

37  .193  
(.067) 

16.124 -.005 
(.967) 

-4.826 
(.020) 

.364  
(.114) 
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Figure 16. Menstrual cycle length and vigorous physical activity 

Relationships Between Endometrial function Variables 

  

 Pairs of endometrial function variables were analyzed for correlations 

(Table 34).  Mean estimated menstrual blood loss was correlated with mean 

menses duration, mean menses duration was correlated with mean follicular 

phase length, and mean menstrual cycle length was correlated with both mean 

follicular phase length and mean luteal phase length.  
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Table 34.  Pearson’s correlations between measures of endometrial 
function  

 Endome-
trial 
thickness 
(mm) 

Mean 
estimated 
mens-
trual 
blood 
loss (mL) 

mean 
menses 
duration 
(days) 

Mean 
mens-
trual 
cycle 
length 
(days) 

Mean 
follicular 
phase 
length 
(days) 

Mean 
luteal 
phase 
length 
(days) 

Endome-
trial 
thickness 
(mm) 

----- R = .311 
p = .069 

R = .004 
p = .983 

R = .224 
p = .189 

R = .047 
p = .803 

R = .135 
p = .485 

Mean 
estimated 
menstrual 
blood 
loss (mL) 

----- ----- R = .484 
p = .001 

R = .030 
p = .845 

R = .294 
p = .073 

R = -.182 
p = .280 

mean 
menses 
duration 
(days) 

----- ----- ----- R = .138 
p = .367 

R = .360 
p = .026 

R = -.257 
p = .125 

Mean 
menstrual 
cycle 
length 
(days) 

----- ----- ----- ----- R = .660 
p = .000 

R = .771 
p = .000 

Mean 
follicular 
phase 
length 
(days) 

----- ----- ----- ----- ----- R = .143 
p = .372 

Mean 
luteal 
phase 
length 
(days) 

----- ----- ----- ----- ----- ----- 
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CHAPTER 6 

DISCUSSION 

 

This study broadens our perspective on the causes of variation in 

proximate measures of fecundity and fecundability.  This analysis demonstrated 

that PROGINS decreases luteal phase length and increases menses duration in 

women who carry the allele; moreover, it demonstrated significant gene-

environment interaction, especially between PROGINS and anthropometric 

measures or vigorous physical activity.   

 

One of the weaknesses of the approach of the subfield of Human 

Reproductive Ecology to the study of women’s reproduction is that it has not 

seriously considered the role that genetic variation plays in women’s fecundity.  

Vitzthum et al. (2001) has argued that by failing to consider genetic variation, 

Human Reproductive Ecologists have essentially treated women as if they 

respond to ecological stress in an identical fashion.  There is ample evidence 

suggesting that the contribution of genetic variation to reproductive variation in 

women is non-trivial; heritability studies indicate that large portions of the 

variation in menstrual blood loss (Rybo and Hallberg 1966) and age at menarche 

(Demerath 2011; Kirk, et al. 2001; Towne, et al. 2005) are heritable, and variation 

in a steroid biosynthesis gene may alter estradiol levels (Jasienska, et al. 2006).  

The current work presents evidence that one genetic variant of the progesterone 
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receptor has a direct impact on endometrial function and that there is a genetic 

basis for variation in response to indicators of energetic status in the 

endometrium.  PROGINS may confer increased endometrial sensitivity to 

energetic conditions and as such, may be an adaptation that curtails investment 

in pregnancies during periods of energetic stress, thereby preserving maternal 

resources.   

 

The PROGINS allele’s interaction with anthropometric and physical 

activity measures indicates that it may alter endometrial sensitivity to maternal 

condition.  This altered sensitivity may be adaptive in the context of endometrial 

preparation for implantation.  Human pregnancy presents a risk to maternal 

survival due to both its energetic costs and the physical constraints of parturition 

(Rosenberg and Trevathan 2001).  The maternal risk of mortality during 

parturition is higher for humans than for any other mammal, and continues to 

present a risk despite modern medical interventions.  Humans offset the maternal 

cost of parturition by producing offspring whose high quality results from a level 

of parental investment that far exceeds that of any other mammalian species.  

Given the risky nature of parturition, the human female reproductive system 

should be adapted to modulate investment in gestation in response to energetic 

stress.  A genetic variant such as PROGINS that modifies endometrial sensitivity 

to energetic stress may therefore be beneficial, as it could decrease the 
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likelihood of implantation, independently of or in addition to low ovarian steroid 

levels.   

 

Human Reproductive Ecologists have identified a number of events during 

the menstrual cycle and gestation that may serve as maternal ―checkpoints‖ for 

investment in pregnancy.  Both Ellison (2001) and Vitzthum (2001) proposed 

models that positioned ovulation as the critical point at which maternal condition 

is evaluated.  Ellison (2001) observed that ovarian steroid production is sensitive 

to energetic stress, and suggested that this serves as a mechanism to prevent 

conception during times of energetic stress.  Noting that women who experience 

chronic stress and therefore have attenuated ovarian steroid levels are 

nonetheless not infertile, Vitzthum (2001) proposed a model in which female 

reproductive function acclimates to chronic energetic stress, with infecundity 

resulting only under conditions of severe negative energy balance (Vitzthum 

2009).  Two events during gestation, the shift from luteal to placental production 

of progesterone during the first trimester of pregnancy (Baird 2009) and the 

timing of parturition (Pike 2005) have also been proposed as ways for mothers to 

either end their investment in a pregnancy altogether or shift investment in an 

offspring from gestation to lactation.   

 

Endometrial development during the window of implantation may play an 

additional significant role in the maternal decision to invest in a pregnancy.  
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Implantation is the stage of female reproduction that immediately precedes 

commitment of maternal resources and is less risky to maternal survival than 

post-implantation pregnancy losses.  Successful implantation requires adequate 

endometrial development, and endometrial development during the window of 

implantation is sensitive to maternal energetic status (Clancy 2009).  Therefore, 

poor maternal energetic status could limit endometrial development during the 

window of implantation, thereby preventing implantation and maternal 

commitment to gestation when maternal condition is low. 

 

The pattern of PROGINS moderation of anthropometric measures and 

physical activity on endometrial function suggests that it alters sensitivity to 

maternal condition, in particular maternal energy storage, energy expenditure, 

and conditions experienced during growth and development.  Among PROGINS 

carriers, endometrial thickness decreased with increasing BMI, and menstrual 

cycle length decreased with increasing BMI, weight, and waist circumference (all 

of which were correlated with each other and can be considered proxy measures 

of body fat).  The thicker mid-luteal endometria observed in PROGINS carriers at 

low BMI could represent inadequate response to progesterone, whereas the 

thinner endometria in PROGINS carriers at high BMI could represent augmented 

response to progesterone, which includes attenuation of proliferation and 

decidualization.  As with other measures of fecundability, there is apparently an 



119 

optimum range for endometrial thickness for fecundity; a thicker endometrium is 

not necessarily better prepared for implantation.   

 

PROGINS carriers at the higher end of the anthropometric spectrum had 

menstrual cycles that were about 24 days long, whereas individuals at the lower 

end had cycles that were nearly 36 days long, on average.  The longer mean 

menstrual cycles among PROGINS carriers at lower BMI, weight, and waist 

circumference implies that these individuals would experience fewer ovulations 

per year than PROGINS carriers with better maternal fat stores.  Less frequent 

ovulation would decrease the likelihood of conception, thereby preventing 

maternal investment in gestation when fat stores are low.  The fact that 

PROGINS moderates the effects of these anthropometric measures on 

endometrial function even in this study population, which was restricted to 

women with normal BMIs or who were overweight, implies that its effects on both 

endometrial thickness and menstrual cycle length would be even more profound 

at higher or lower levels of body fat storage.  PROGINS sensitivity to 

anthropometric measures suggest that the amount of fat available prior to 

implantation may be an important marker of maternal condition.  This is because 

fat stores are necessary to support the most energetically costly periods of 

maternal investment in offspring – the end of the third trimester and the period of 

intense lactation that immediately follows birth (Frisancho 1993).  To prepare for 

these future energy needs, maternal fat storage is increased during early 
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pregnancy (Frisancho 1993).  Having adequate fat stores prior to pregnancy 

would be advantageous, and would also be a signal that conditions are favorable 

for future fat storage.   

 

Energy expenditure may likewise indicate maternal condition.  Among 

individuals who did not carry the PROGINS allele in this study, menstrual cycle 

length increased slightly with increasing days of vigorous physical activity.  For 

PROGINS carriers, this positive correlation between vigorous physical activity 

and menstrual cycle length was exacerbated.  This indicates that PROGINS 

exacerbates sensitivity to intense energy expenditure.  Although high levels of 

energy expenditure are not necessarily indicative of poor maternal condition, they 

may forecast poor future energetic conditions (Jasienska and Ellison 1998). The 

ability to detect current energetic stress that may predict future energetic 

conditions would be adaptive, since the energetic costs of late pregnancy and the 

early postpartum period are so high.  Therefore, endometrial sensitivity to intense 

energy expenditure would be adaptive. 

 

PROGINS similarly moderated the effects of height on menstrual cycle 

length.  PROGINS exacerbated the increase in menstrual cycle length observed 

with increasing height, such that shorter individuals also had shorter menstrual 

cycles. As discussed previously, shorter ovulatory cycles may be adaptive since 

they provide more frequent opportunities to initiate a pregnancy.  In contrast to 
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vigorous physical activity, which signifies acute energetic stress, short stature 

may be an indicator of chronic stress experienced throughout childhood (Bogin 

1999).  In keeping with the model proposed by Vitzthum et al. (2001), women 

who experience chronic energetic stress from birth would be expected to be less 

sensitive to a poor energetic environment. In this model, delaying conception in 

order to preserve maternal resources would decrease lifetime fertility since 

conditions are unlikely to improve.  Therefore, short stature may be a signal of 

chronic energetic stress and therefore may enhance fecundity. 

 

If PROGINS carriers are truly more sensitive to fat storage, energy 

expenditure, and chronic energetic stress this may explain its high prevalence 

among European-descendent populations.  However, a consequence of this 

sensitivity may be that, even for women in modern industrialized countries, this 

polymorphism is associated with implantation failure and unexplained infertility 

(Cramer, et al. 2003; Pisarska, et al. 2003).  This may be due to the shortened 

luteal phase observed among PROGINS carriers.  Since PROGINS carriers 

exhibited both shorter luteal phases and longer menses than non-carriers, this 

suggests that luteal phases are shorter among PROGINS carriers because their 

endometria exhibit a diminished response to luteal progesterone.   
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This is consistent with in vitro work on PROGINS suggesting that it 

reduces the sensitivity of the progesterone receptor to its ligand (D'Amora, et al. 

2009; Romano, et al. 2007).  A short mean luteal phase is one diagnostic 

criterion for ―luteal insufficiency‖, a type of clinically-defined subfecundity (Jordan, 

et al. 1994).  Luteal insufficiency is characterized by luteal phase endometrial 

growth and differentiation that is three or more days behind that expected, given 

time since ovulation and comparisons of biopsied tissue with standards (Jordan, 

et al. 1994).  Another characteristic of luteal insufficiency is low luteal 

progesterone levels (Jordan, et al. 1994).  Luteal progesterone levels have been 

associated with luteal phase length (Waller, et al. 1998).  The current work did 

not replicate this finding, and PROGINS carrier status did not affect the 

relationship between luteal phase length and luteal progesterone levels either.  

 

Another reproductive event that attenuates female fertility as a result of a 

mother’s sensitivity to her own energetic conditions may be parturition.  Pike 

(2005) has argued that the timing of the onset of labor is the result of a 

fundamental conflict between the mother and fetus.  In this model, mothers 

should limit investment in gestation during energetically stressful conditions and 

in such situations should initiate labor as early as possible.  Placental cortisol 

releasing hormone (CRH) is part of the ―stress hormone axis‖ and is believed to 

be part of the hormonal cascade responsible for the onset of parturition (Pike 

2005); the role of CRH is apparently primate-specific (Smith 2007).  Another 
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component of the induction of parturition is withdrawal of progesterone.  In most 

species this is accomplished by the systemic withdrawal of progesterone.  

Systemic withdrawal of progesterone does not trigger labor in humans (Zakar 

and Hertelendy 2007) or in rhesus macaques (Walsh, et al. 1984).  Instead, a 

―functional progesterone withdrawal‖, related to alterations in the progesterone 

receptor in the myometrium, may be responsible for triggering labor in humans 

(Brown, et al. 2004; Mesiano, et al. 2011) as well as in other catarrhine primates 

(Haluska, et al. 2002).  Although the role of the PROGINS polymorphism during 

gestation was not investigated in this study, this polymorphism has been 

identified as a risk factor for preterm birth (Ehn, et al. 2007).  Intriguingly, 

Guoyang et al. (2008) found that PROGINS was a risk factor for preterm birth – 

but only in underweight women.  This supports the notion that preterm birth 

serves as a mechanism to limit maternal investment in a pregnancy when 

maternal conditions are poor. 

 

PROGINS may additionally preserve maternal resources by acting on 

events in a woman’s life history, thereby potentially improving her lifetime fertility.  

Life history theory dictates that individuals have a finite supply of energy to 

devote to growth and development, reproduction, and somatic maintenance over 

their lifetimes.  Human life history is characterized by a long lifespan, a lengthy 

childhood, intense and long-lasting investment in offspring.  Although humans 

are often characterized as having low lifetime fertility, this suite of life history 
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features can be described as a strategy for producing a maximum number of 

high-quality offspring (Vitzthum 2009).  A lengthy childhood on the part of the 

mother allows her to devote her energy to building up maternal reserves for later 

reproduction (Frisch 1987) , and delayed maturation is adaptive if adult mortality 

is low (Charnov 1991).  A long lifespan has the advantage of allowing individuals 

the freedom to delay reproduction when energetic conditions are poor.  Lengthy 

childhoods and a long-period of maternal investment ensure offspring survival, 

thereby enhancing maternal reproductive success.  Women who face chronic 

energetic stress during childhood are expected to delay reproduction as long as 

possible in order to maximize maternal reserves.  Thus, genetic variants that 

delay sexual maturation may increase a woman’s overall lifetime fertility.  In this 

study, PROGINS carriers reached menarche nearly a year later than did non-

carriers.  Similarly, Taylor et al. (2010) found that PROGINS homozygotes 

reached menarche at a significantly later age than did heterozygotes or wildtype 

homozygotes.  Thus, the PROGINS allele may also benefit carriers who face 

chronic energetic stress during childhood by delaying the onset of fertile cycles. 

 

Although the PROGINS polymorphism is human-specific, comparisons of 

the human progesterone receptor gene sequence with that of other primate 

species reveals a high degree of positive selection  (as indicated by more non-

synonymous amino acid substitutions than synonymous substitutions expected 

given the neutral rate of mutation) in the human progesterone receptor 
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sequence, although the progesterone receptor gene is otherwise quite conserved 

within the Order Primates (Chen, et al. 2008).  Furthermore, a comparison of the 

chimpanzee and human genomes placed the progesterone receptor among a 

small number of genes that have undergone positive selection in the human 

lineage since our divergence from chimpanzees (Nielsen, et al. 2005).  These 

studies suggest that the progesterone receptor gene was under strong selective 

pressure in the human ancestral past.  The findings of this study indicate that the 

PROGINS allele exacerbates endometrial sensitivity to the energetic conditions 

of childhood, as well as chronic and acute energetic stress experienced as an 

adult.  These effects were caused by the PROGINS progesterone receptor’s 

lowered sensitivity to progesterone.  The changes in the human progesterone 

receptor gene sequence that have occurred since our divergence from 

chimpanzees likely have functional consequences (Chen, et al. 2008).  It is 

possible that human progesterone receptor function is adaptive because its 

impact on endometrial sensitivity to energetic conditions, and that the PROGINS 

allele represents variation that increases this sensitivity even further. 

 

 This study had a number of strengths and limitations that affect the 

interpretation of the results.  It was among the first pieces of research to consider 

genetic variation as an important component of variation in indicators of fecundity 

or to consider the possibility of interaction between genetic variants and other 

factors that affect fecundity or fecundability.  This study collected data on multiple 
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consecutive menstrual cycles for each participant.  Ovulation was determined 

from ovulation test data recorded by participants, rather than being inferred from 

progesterone levels or other data, and saliva samples were collected over the 

entire third menstrual cycle, allowing progesterone profiles to be constructed.  

This study is one of a small number that have examined endometrial thickness 

during the window of implantation in natural cycles, and it is the first in which both 

endometrial thickness, menses duration, and menstrual blood loss data were 

collected.  This study is also the first to have evaluated the effects of gene-

environment interaction on measures of fecundity using multiple moderated 

regression.   

 

This study had some limitations as well.  Non-normality of the data, small 

sample size, and multiple comparisons are all factors that could lessen the 

significance of the results of the study.  It is possible that not all menstrual cycles 

observed in this study were ovulatory.  Only 63 percent of the cycles observed 

had positive ovulation test dates associated with them.  However, given the age 

limits of the study (20 to 45) and the range in mean menstrual cycle lengths (23.3 

to 35.0 days), it is likely that about 90 percent of these cycles were actually 

ovulatory (Vitzthum 2009).  The fact that there was a shortfall of about 30 percent 

can be explained by the fact that participants were asked to limit their ovulation 

testing to days 12 through 16 of their cycles, and only tested for ovulation once 

per day.  Given these limitations, it is possible that some actual ovulations were 
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missed.   This reduced the sample size available for follicular and luteal phase 

lengths, since these data could not be obtained without ovulation dates.  
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CHAPTER 7 

CONCLUSION 

 

 The primary objective of this study was to determine whether the 

PROGINS variant of the progesterone receptor gene impacted endometrial 

function, as approximated by endometrial thickness, mean estimated menstrual 

blood loss, mean menses duration, mean menstrual cycle length, mean follicular 

phase length, and mean luteal phase length, in healthy premenopausal, non-

pregnant women who were not using hormonal contraceptives.  The PROGINS 

allele was found to decrease luteal phase length, and lengthen menses, in 

women who carried it.  These direct effects of PROGINS on endometrial function 

support the findings of in vitro studies indicating that PROGINS diminishes tissue 

response to progesterone.  The PROGINS allele was also found to moderate the 

effects of age, progesterone levels, anthropometric measures, and physical 

activity on some measures of endometrial function.  Of particular interest to the 

field of Human Reproductive Ecology, PROGINS altered the sensitivity of 

endometrial function to anthropometric measures indicative of available fat stores 

and of the energetic stress experienced during childhood, as well as to physical 

activity.  The finding that sensitivity to past and current energetic status varies by 

genotype stands to improve the theoretical frameworks in this field, which 

currently do not consider genetic diversity as a cause for variation in reproductive 

response to energetic stress.  Given the high amount of inter-individual and 
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-population variation in proximate measures of fecundity that remains 

unexplained by variation in energetic status, considering genetic variation that 

alters sensitivity to energetic status would greatly improve our understanding of 

the basis for variation in reproductive function in women. 

 

 There are several possible directions future research related to this study 

could take.  Quantification of estradiol in the saliva samples from this study and 

genotyping of the DNA samples for polymorphisms at other loci, particularly the 

estrogen receptor genes and steroid biosynthesis genes, are planned.  A similar 

study with a larger sample size could be performed to verify the findings of this 

study.  The scope of future studies could be broadened to include race and 

socioeconomic status as potential sources of epigenetic variation.  All of these 

studies would add to the existing scholarship on variation in women’s 

reproduction. 
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APPENDIX A 

STUDY QUESTIONNAIRE 

 

STUDY QUESTIONNAIRE     
 
Study: The association between a polymorphism in the progesterone receptor 
gene, endometrial thickness, and menstrual cycle characteristics in US 
Caucasian women. 
 
Subject # ________     Date: _________________ 
 
All responses to this questionnaire will be kept strictly confidential. 
 
Part I.  Contact information.  This information will be used to contact you for 
further participation in the study.   
 
Name: __________________________________________________ 
 
Telephone number: ________________________________ 
 
E-mail address: ___________________________________ 
 
Mailing address:   _______________________________________ 
 
   _______________________________________ 
 
(Please use a mailing address where you are comfortable receiving confidential, 
personal information.) 
 
Date of birth: ___________________________________ 
 
(If you are invited to participate in Part II of the study, we will need your date of 
birth so that a doctor can write a prescription for an ultrasound for you.) 
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Part II. General questions about you.  In this section, we will ask basic 
demographic questions about you. 
 
1. How would you describe your ethnic background?    
 
___ Caucasian ___ African American  ___ Latina ___ Asian 
 
___ Other (please describe: _________________________________________) 
 
 
2. Please select the choice that best matches your smoking habits: 
 
___  I do not currently smoke, nor have I smoked in the past year. 
 
___  I do not currently smoke, but I have smoked in the past year. 
 
___ I currently smoke. 
 
 
3. Do you currently take any over the counter or prescription medication on a 

regular basis?  _______ 
 

If so, what medicine do you take?  
________________________________________________________________
________________________________________________________ 
 
 
Part III.  Gynecological health.  In this section, we will ask questions about your 
gynecological history and health.  Please answer the questions to the best of 
your ability. 
 
1. At approximately what age did you have 

your first menstrual period? _________ 
 
 YES NO 

 
2. Have you missed any periods in the past 12 
months? 
 

If so, how many periods have you missed in the 
past 12 months? 
________________________________ 

□ □ 
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 YES NO 
 

3. Are you currently pregnant? □ □ 

4. Have you ever been pregnant? 
 

If so, how many pregnancies have you had? 
______________________________________
____ 

 

□ □ 

5. Have you ever had a miscarriage? 
 

If so, how many miscarriages have you had? 
______________________________________
____ 

□ □ 

6. Are you currently nursing? □ □ 
7. Have you ever nursed a baby? 
 

If so, when did you stop nursing? 
______________________________________
____ 

□ □ 

8. Are you currently using oral contraceptives (―the 
pill‖) or other drugs such as ―the patch‖, Nuva-
Ring, or Depo-Provera?  

□ □ 

9. Have you ever used oral contraceptives (―the 
pill‖) or other drugs such as ―the patch‖, Nuva-
Ring, or Depo-Provera? 

 
If so, which contraceptive drug did you use, and 
when did you last use it? 
______________________________________
______________________________________
________ 

□ □ 

10. Are you currently using an intrauterine device 
(IUD)? 

□ □ 

11. Have you ever used an IUD? 
 

If so, when was it removed? 
___________________ 

□ □ 
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 YES NO 
 

12. Are you currently using any other form of birth 
control? 
 

If so, what form of birth control do you use?  
______________________________________
______________________________________
________ 

□ □ 

13. Are you currently taking fertility drugs (such as 
―Clomid‖)?  

□ □ 

14. Have you ever used fertility drugs? 
 

If so, when did you last use fertility drugs? 
______________________________________
____ 

□ □ 

15. Have you ever been diagnosed with uterine 
fibroids? 
 

If so, when were you diagnosed? 
_______________ 

□ □ 

16. Have you ever been treated for uterine 
fibroids? 
 

If so, please describe your treatment: 
______________________________________
______________________________________
________ 
______________________________________
____ 
______________________________________
____ 

□ □ 
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 YES NO 
 

17. Have you ever been diagnosed with any of the 
following? 

  

uterine cancer □ □ 

cervical cancer □ □ 

endometriosis □ □ 

ovarian cancer □ □ 

breast cancer □ □ 

polycystic ovarian syndrome (PCOS) □ □ 
18. Do you have, or have you ever had, any other 

gynecological concerns or diseases? 
 

If so, please explain: 
______________________________________
______________________________________
______________________________________
______________________________________
______________________________________
______________________________________ 

□ □ 
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INSTRUCTIONS FOR ORAL RINSE COLLECTION  
 
You will now be donating an oral rinse sample.  To do this, you will rinse your 
mouth with mouthwash, which will loosen and remove cells from the lining of your 
cheek.  We will collect these cells to use as a sample of your genetic material 
(DNA). 
 
You should not have had anything to eat or drink for at least 30 minutes before 
providing your oral rinse sample.  To collect the sample, first move your tongue 
around in your mouth for 10 seconds.  Drink (but do not swallow) the mouthwash, 
and rinse your mouth for 5 seconds before spitting the mouthwash into the 
provided cup. 
 
After you donate an oral rinse sample, your hip and waist circumference, height, 
and weight will be measured and recorded.  You will need to remove your shoes 
before you are weighed, so that the reading is as accurate as possible. 
 
Height (cm):  _________ 
 
 
Weight (lb): _________ 
 
 
Waist Circumference (cm): ____________ 
 
 
Hip Circumference (cm): _____________ 
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APPENDIX B 

STUDY RECRUITMENT ADVERTISEMENT 

Volunteers Needed for Genetics 
and Menstrual Cycle Study 

 
Temple’s Department of Anthropology is looking for Caucasian women, ages 20-
45, who are not pregnant or taking birth control pills, for a research study of the 
menstrual cycle and the uterus. 
 
Participation involves giving a mouthwash sample (for genetic testing), having 
your height and weight measured, following your menstrual cycle for 3 months, 
and having an ultrasound study of the uterus at Temple Hospital. 
 
Compensation for participation in the entire study is $119. 
There is no charge for the genetic testing or the ultrasound procedure.  All study 
information will be kept confidential. 
 
Interested?   
Please go to www.temple.edu/anthro/uterusresearch for more information, or 
contact Elizabeth Rowe at (215) 204-3464 or ejrowe@temple.edu. 
 
This information is approved by Temple University for public display and is 
associated with project 11489. 

http://www.temple.edu/anthro/uterusresearch
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APPENDIX C 

PART 2 INSTRUCTIONS 

Menstrual Cycle #1 
 
Instructions:  
 
1. Beginning on the first day of your menstrual period, please do the following: 
 
write the DATE of your first day of menstrual bleeding on the calendar   
use only the pads and tampons provided to you in this kit 
mark the days during which you experience menstrual bleeding with an ―X‖ on 
the calendar 
write the number of tampons or pads that you use each day and indicate the 
degree of staining for each  
throughout your cycle, record whether you participated in physical activity on 
each day 
see the page marked ―EXAMPLE MENSTRUAL CYCLE CALENDAR‖ to see a 
sample menstrual cycle calendar 
 
2.  Count the first day of menstrual bleeding as day 1 of your period.  On days 12 
through 16, please do the following:  
 

 use an ovulation detection strip (instructions follow) 

 record the day on which you observe a positive result on the calendar with 
a ―+‖ 

 on the first day of your next menstrual period go on to the packet marked 
―Menstrual Cycle #2‖ 
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OVULATION DETECTION TEST INSTRUCTIONS 
 
Urinate into the provided urinalysis cup. The best way to collect a 
sample is by placing a cup in the middle of urination process. To begin 
testing, open the sealed pouch by tearing along the notch. Remove the 
test stick from the pouch when you are ready to use it.  
Immerse the strip into the urine with the arrow end pointing toward the 
urine. Do not immerse past the MAX (maximum) line. Take the strip 
out after 7 - 10 seconds and lay the strip flat on a clean, dry, non-
absorbent surface (e.g., mouth of the urinalysis cup). You will see the 
urine start traveling up under the tip of the test.  
Wait for colored bands to appear. Depending on the concentration of 
your urine, positive results may be observed in as little as 40 seconds. 
However, to confirm negative results, the complete reaction time of 10 
minutes is required. Do not read results after more than 30 minutes.  
After interpreting the test results, discard the test strip and the urine 
sample.  Rinse the urinalysis cup for re-use.  
If the result of the test is positive, record it by writing a ―+‖ on the 
menstrual cycle calendar for that day.  See the page marked 
―EXAMPLE MENSTRUAL CYCLE CALENDAR‖ for an example of this. 
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Menstrual Cycle #2 
 
Instructions:  
 
1. Beginning on the first day of your menstrual period, please do the following: 
 
write the DATE of your first day of menstrual bleeding on the calendar   
use only the pads and tampons provided to you in this kit 
mark the days during which you experience menstrual bleeding with an ―X‖ on 
the calendar 
write the number of tampons or pads that you use each day and indicate the 
degree of staining for each  
throughout your cycle, record whether you participated in physical activity on 
each day 
see the page marked ―EXAMPLE MENSTRUAL CYCLE CALENDAR‖ to see a 
sample menstrual cycle calendar 
 
2.  Count the first day of menstrual bleeding as day 1 of your period.  On days 12 
through 16, please do the following:  
 

 use an ovulation detection strip (instructions follow) 

 record the day on which you observe a positive result on the calendar with 
a ―+‖ 

 on the first day of your next menstrual period,  please call Elizabeth Rowe 
at (215) 204-3464 to make an ultrasound appointment, and go on to the 
packet marked ―Menstrual Cycle #3‖ 

 
OVULATION DETECTION TEST INSTRUCTIONS 
Urinate into the provided urinalysis cup. The best way to collect a sample is by 
placing a cup in the middle of urination process. To begin testing, open the 
sealed pouch by tearing along the notch. Remove the test stick from the pouch 
when you are ready to use it.  
Immerse the strip into the urine with the arrow end pointing toward the urine. Do 
not immerse past the MAX (maximum) line. Take the strip out after 7 - 10 
seconds and lay the strip flat on a clean, dry, non-absorbent surface (e.g., mouth 
of the urinalysis cup). You will see the urine start traveling up under the tip of the 
test.  
Wait for colored bands to appear. Depending on the concentration of your urine, 
positive results may be observed in as little as 40 seconds. However, to confirm 
negative results, the complete reaction time of 10 minutes is required. Do not 
read results after more than 30 minutes.  
After interpreting the test results, discard the test strip and the urine sample.  
Rinse the urinalysis cup for re-use. 
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If the result of the test is positive, record it by writing a ―+‖ on the menstrual cycle 
calendar for that day.  See the page marked ―EXAMPLE MENSTRUAL CYCLE 
CALENDAR‖ for an example of this. 
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Menstrual Cycle #3 
 
Instructions:  
 
1. Beginning on the first day of your next menstrual period, please do the 
following: 
 

 call Elizabeth Rowe at (215) 204-3464 to schedule an ultrasound 
appointment 

 write the DATE of the first day of your menstrual period on the enclosed 
calendar   

 use only the pads and tampons provided to you in this kit 

 mark the days during which you experience menstrual bleeding with an 
―X‖ on the calendar 

 write the number of tampons or pads that you use each day and indicate 
the degree of staining for each (the first day of your period is day 1 of this 
menstrual cycle) 

 throughout your cycle, record whether you participated in physical activity 
on each day 

 see the page marked ―EXAMPLE MENSTRUAL CYCLE CALENDAR‖ to 
see a sample menstrual cycle calendar  

 
***NEW THIS MONTH*** 

 begin collecting daily first-morning saliva samples (instructions follow) 

 store the samples in the provided box at home in your freezer 
 
2. Count the first day of menstrual bleeding as day 1 of your period.  On days 12 
through 16, please do the following: 
 
use an ovulation detection strip (instructions follow) 
record the day on which you observe a positive result on the calendar with a ―+‖ 
 
3. When I notify you as to the date and time of your ultrasound appointment, 
please make a note of it in your personal calendar, as well as on your menstrual 
cycle calendar. 
 
4. On the day of your ultrasound appointment, please do the following: 
 
Use the pregnancy detection test included in the kit (instructions follow). 
If you have a POSITIVE pregnancy test result, DO NOT attend your ultrasound 
appointment.  Please call me (215-204-3464) so that I can cancel the ultrasound 
appointment. 
If you have a NEGATIVE pregnancy test result, please attend your ultrasound 
appointment as scheduled.  Go to the Department of Radiology in Zone B of 
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Temple University Hospital, located at Broad and Ontario in Philadelphia (see 
attached map). 
 
5.  Continue collecting saliva samples and recording your physical activity levels 
until the start of your next period.  Write the date that this next period starts on 
your menstrual cycle calendar.  Then, at your convenience, bring your saliva 
samples and your completed menstrual cycle calendars to either the 
Anthropology Department (Gladfelter Hall, room 215, 1115 W. Berks Street) or 
the Temple University Hospital Fetal Center (Room A355, Broad St. and Ontario 
Ave.).  You will receive your final compensation for your participation in the study 
($114) when you have returned these items. 
 

Instructions for Saliva Collection 
 
You should begin collecting saliva on the first day of your menstrual cycle – the 
first day of your period.  Label the collection vial with today’s date.  Saliva 
samples should be collected every day as soon as possible in the morning, 
before you have eaten anything (although you may brush your teeth before 
collecting the sample).  Contamination from food or beverages, especially coffee 
or tea, will alter the results of the tests we will do on your saliva samples.  You 
may stimulate the flow of saliva by drinking some water or chewing gum, but wait 
five minutes after doing so before collecting your sample. 
 
To collect a saliva sample, spit into the collection vial, and fill the vial with saliva 
at least to the line marked ―3‖ on the collection vial.  Write the date on which you 
collected the sample on the tube.  Place the collection vial in the sample 
collection box.  Store your saliva samples in the collection box in your home 
freezer. 
 

Ovulation Detection Test Instructions 
 

Urinate into the provided urinalysis cup. The best way to collect sample is by 
placing a cup in the middle of urination process. To begin testing, open the 
sealed pouch by tearing along the notch. Remove the test from the pouch when 
you are ready to use it.  
 
Immerse the strip into the urine with the arrow end pointing toward the urine. Do 
not immerse past the MAX (maximum) line. Take the strip out after 7 - 10 
seconds and lay the strip flat on a clean, dry, non-absorbent surface (e.g., mouth 
of the urinalysis cup). You will see the urine start traveling up under the tip of the 
test.  
 
Wait for colored bands to appear. Depending on the concentration of your urine, 
positive results may be observed in as little as 40 seconds. However, to confirm 
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negative results, the complete reaction time of 10 minutes is required. Do not 
read results after more than 30 minutes.  
 
After interpreting the test results, discard the test strip and the urine sample.  
Rinse the urinalysis cup for re-use.  
 
If the result of the test is positive, record it by writing a ―+‖ on the menstrual cycle 
calendar for that day.  See the page marked ―EXAMPLE MENSTRUAL CYCLE 
CALENDAR‖ to see an example of this. 
  
 

 
 
 

Pregnancy Detection Test 
 
On the morning of your ultrasound appointment, you should use a pregnancy 
detection strip. After you have collected your daily urine sample, remove the test 
strip from the pouch by tearing at the notch and place the provided pregnancy 
test strip in your urine sample for 5 seconds.  Do not open the test package until 
you are ready to perform the test. Do not dip the test strip past the ―stop‖ line or 
the test results will not be valid. 
 
Wait at least 3 minutes for the test strip to develop.  The test strip is invalid if no 
line appears in the ―control zone‖ (see below).  If only the ―control zone‖ line 
appears, then the test result is negative.  If both the ―control zone‖ and the 
―results zone‖ lines appear, then the test result is positive.  If the result of the test 
is POSITIVE, please DO NOT attend your ultrasound appointment.  Please 
contact Elizabeth Rowe at (215) 204-3464 or ejrowe@temple.edu so that she 

mailto:ejrowe@temple.edu


165 

may cancel your appointment.  If the result of the test is NEGATIVE, please 
attend your ultrasound appointment as scheduled. 
 
Pregnancy Detection Test Strip Comparison Chart 
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APPENDIX D 

SAMPLE MENSTRUAL CYCLE CALENDAR 

 

 


