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Introduction: While many aspects of female ovarian function respond to environmental
stressors, estradiol (E2) appears less sensitive to stressors than progesterone, except under
extreme ecological conditions. However, earlier studies relied on saliva samples, considered less
sensitive than blood. Here, we investigated E2 variation among 177 Bangladeshi and UK white
women, aged 35-59, using single serum samples. Bangladeshi women either grew up in Sylhet,
Bangladesh (exposed to poor sanitation, limited health care, and higher pathogen loads but not
poor energy availability), or in the UK.

Methods: We collected samples on days 4-6 of the menstrual cycle in menstruating women and
on any day for post-menopausal women. Participants included: i) Bangladeshi sedentees (n=36),
il) Bangladeshis who migrated to the UK as adults (n=52), iii) Bangladeshis who migrated as
children (n=40), and iv) UK white women matched for neighborhood residence to the migrants
(n=49). Serum was obtained by venipuncture and analyzed using electrochemiluminescence. We
collected anthropometrics and supplementary sociodemographic and reproductive data through
questionnaires. We analyzed the data using multivariate regression.

Results: E2 levels did not differ between migrant groups after controlling for age, BMI, physical
activity, psychosocial stress, parity, and time since last birth (parous women). Paralleling results
from salivary E2, serum E2 did not differ among women who experienced varying
developmental conditions.

Conclusion: Our results reinforce the hypothesis that E2 levels are stable under challenging
environmental conditions. Interpopulation variation may only arise under chronic conditions of
extreme nutritional scarcity, energy expenditure, and/or high disease burdens.
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reproductive function



1. Introduction

Reproductive ecologists have long shown that aspects of female reproductive function
respond to environmental stressors, such as energy availability and physical activity (Ellison et
al., 1993; Jasienska & Ellison, 2004; Ziomkiewicz et al., 2008). The responsiveness of the
female endocrine system to these environmental stressors likely facilitates adjustments in female
ovarian function to optimize the probability of a successful reproductive event (Ellison, 1990).
While hormonal fluctuations are influenced by acute conditions, the environment during
development likely primes an individual’s baseline hormone levels in response to overall energy
availability (Ellison, 1996). Developmental changes that influence reproductive set points,
combined with the sensitivity of reproductive hormones to changes in environmental conditions,
help to optimize the timing and frequency of reproduction to maximize fitness in an individual’s
specific ecological setting. Evidence in support of this strategy has been provided by
progesterone’s (P4) sensitivity to changes in environmental stressors as well as its variation
across different ecologies (Baird et al., 1999; Bentley et al., 1998; Clancy et al., 2013; Ellison et
al., 1993; Jasienska & Ellison, 2004; Jasienska & Jasienski, 2008; Nufiez-de la Mora et al., 2007;
Panter-Brick & Ellison, 1994; Vitzthum et al., 2002; Ziomkiewicz et al., 2008). As estradiol
(E2), like P4, is critical for fecundity and fertility, we would expect it to follow a similar pattern
of sensitivity to environmental change.

E2 does respond to acute stressors and varies as expected in harsh ecological conditions,
such as those characterized by extreme nutritional scarcity and high disease burden. For
example, E2 levels vary across menstrual cycles (Chatterton et al., 2005; Jasienska & Jasienski,
2008) and are associated with measures of acute conditions such as physical activity, body
composition, and dietary composition (Emaus et al., 2008; Ennour-Idrissi et al., 2015; Williams
etal., 2010; Wu et al., 1999; Ziomkiewicz et al., 2008). With regard to harsh ecological
conditions, researchers have found that Lese women had lower salivary E2 levels than Boston
women (Bentley et al., 1998). Bolivian Aymara women also had significantly lower salivary E2
levels than Chicago women in non-conception, but not conception, cycles (Bentley et al., 2000).
Developmental conditions also contribute to variation in adult E2 levels. A study in Polish
women found that greater fatness at birth predicted reduced sensitivity to the potentially stressful
effects of physical activity on E2 hormone levels in adulthood (Jasienska et al., 2006).

Despite this demonstrated variation, E2 appears to be less sensitive to ecological
conditions than P4. For example, while we previously found differences in salivary P4 levels
between Bangladeshi sedentees, immigrants from Bangladesh to the UK, second generation
British-Bangladeshis, and UK white women who were of prime reproductive age (19-39)
(Nufez-de la Mora, et al., 2007), we observed no significant differences in salivary E2 levels by
migrant status in this same sample (NUfiez-de la Mora et al., 2008). Additionally, a similar
migrant study comparing serum E2 levels among Pakistani women in Pakistan, adult Pakistani
migrants to the UK, Pakistani women born in the UK, and UK white women also found no
significant differences in E2 across these groups (Pollard et al., 2009). While E2 variation among
post-reproductive women is not well-studied, serum E2 levels do not appear to vary by




population or ethnicity among women during the peri- or postmenopause (Golden et al., 2007,
McTiernan et al., 2008; Randolph et al., 2003; although see Setiawan et al., 2006). The poor
characterization of E2 variation among postmenopausal women is likely a combination of
several reasons, including the fact that E2 levels are low after menopause relative to levels in
women of reproductive age, estrone (E1) becomes the primary estrogen during the
postmenopausal period, and postmenopausal E2 concentrations are not a measure of ovarian
function. Instead, E2 is largely produced via the conversion of androgens in muscle and adipose
tissue (Santen, 2009; Simpson, 2003). This study will examine variation in E2 levels across
groups of postmenopausal women who vary by migration status.

Some large epidemiological studies have found variation in E2 levels among groups that
do not experience extreme differences in ecological conditions, such as between ethnicities
within regions (Ausmanas et al., 2007; Randolph et al., 2004). However, these studies did not
control for key biocultural or demographic variables that may have confounded their results,
such as parity, physical activity, psychosocial stress, age at last birth, and/or migrant
status/country of birth.

This body of research suggests that reproductive hormones are not equally sensitive to
environmental stressors, and Nufiez-de la Mora et al. (2008) have argued that variation in E2
levels may be observed only in the most challenging environments. Less extreme conditions,
such as those of Bangladeshi sedentees and migrants to the UK who did not suffer food
insecurity or seasonal variation in food intake, high workloads, or extremely pathogenic
environments, may not significantly influence E2 variation, even though their living standards
differed from UK white women and their pathogen exposure in Bangladesh was also higher
(Nufez-de la Mora et al., 2008). These authors suggested that E2 variation across populations
may only arise under conditions of extreme nutritional scarcity, energy expenditure and/or high
levels of immune insults.

Studies of E2 variation have largely used salivary hormone measurements to reach these
conclusions. However, some researchers have questioned if early salivary assays were
sufficiently sensitive for this work. These criticisms were due, in part, to the potential for
contamination from blood (Kivlighan et al., 2005; Vining & McGinley, 1987) and the
uncertainty surrounding the validity of early assays to analyze E2 (Sufi et al., 1985). Some
researchers still question salivary E2 measures given the rapid fluctuations of E2 concentrations
in saliva and express doubts about the analytical validity of E2 salivary assays (Read, 2009;
Wood, 2009). This skepticism occurs despite robust evidence suggesting their accuracy,
including the existence of commercial enzyme immunoassay kits from various companies (e.g.,
Creative Diagnostics®, IBL International, Salimetrics®, and others), high correlations between
salivary and serum assay profiles (Fiers et al., 2017), conformation to expected profiles (Celec et
al., 2009; Chearskul & Visutakul, 1994; Gann et al., 2001; Lipson & Ellison, 1996), and early
favorable prognoses for E2 assays from the Tenovus group in Wales that pioneered the use of
salivary steroids (Riad-Fahmy et al., 1982, 1983). As such, while most studies examining
population variation have used saliva samples, results using blood samples remain the gold



standard. Here we address criticisms of the previous work by examining whether we observe the
same results using serum as we found with saliva samples.

Therefore, we investigated the hypothesis that E2 levels are relatively insensitive to
environmental conditions using serum samples, the gold standard. We replicated the study design
of NUfiez-de la Mora et al. (2008) with a sample of women from the same population but with an
older age range. To achieve our aim of characterizing the sensitivity of E2 in relation to
developmental conditions, we analyzed serum E2 levels among Bangladeshi women who
differed in migrant status and compared them to the E2 levels of UK white women. This sample
allowed us to investigate three distinct aims: 1) to determine whether E2 levels vary by migrant
status during the reproductive-aged years, when E2 serves as a proxy for ovarian function; 2) to
investigate whether E2 levels differ across the menopausal transition by migration status; and 3)
to better characterize variation in E2 levels during the postmenopause. Previous studies working
with this population have collected data on pathogen and cyclone exposure during childhood as
well as other aspects of the environment that highlight differences in developmental conditions
between women growing up in Bangladesh and those in the UK that could influence hormonal
set points (Begum et al., 2016; Murphy et al., 2013). Despite these differences in developmental
conditions, we predicted that serum E2 would not differ significantly by migration status after
controlling for factors that influence E2, such as BMI and physical activity. Our results have
implications for understanding the sensitivity of the female endocrine system to environmental
conditions during development and throughout the lifespan.

2. Methods

The total sample size included 186 women aged 35-59. Since only 7 individuals were
second generation immigrants to the UK, we excluded those women from the analyses. We also
excluded one woman who did not report her menopausal status and another with an E2 level >
750 pg/mL, which fell within the sensitivity range of the assay but was > 2SD above the mean,
leaving a final sample size of 177 (128 premenopausal women, and 49 postmenopausal women).
The full sample also contained four groups that differed by migration status: i) Bangladeshi
sedentees (n = 36), ii) adult migrants in the UK (those who migrated after menarche; n = 52), iii)
child migrants in the UK (those who migrated before menarche; n = 40), and iv) UK white
women living in similar neighborhoods to the British-Bangladeshis (n = 49). Due to the small
sample size of postmenopausal women in the child migrant category (n=1), we limited the
migrant status variable to three levels for the main analyses: i) Bangladeshi sedentees, ii) adult
migrants to the UK, and iii) UK white women (i.e., child migrants were only included in the
supplementary analyses). The women represent a subsample of a larger study that investigated
reproductive aging at midlife and who were willing to volunteer for venipuncture (Begum et al.,
2016; Dhanoya et al., 2016; Murphy et al., 2013; Sharmeen et al., 2013; Sievert et al., 2008,
2016).

Methods for the larger study are described elsewhere (Begum et al., 2016; Murphy et al.,
2013). Briefly, we recruited participants through influential community members (Bangladesh),



community centers (London), personal contacts, and snowball techniques (both locations).
Among the UK white women, we recruited participants through advertisements in local
newspapers and websites. Eligible women were those aged 35 to 59 who had not used any
exogenous hormones in the past three months, were not pregnant or lactating, and had not
undergone a hysterectomy or oophorectomy. We excluded any individuals with polycystic
ovarian syndrome or other endocrine disorder, such as diabetes or a thyroid condition. These
exclusion criteria were applied to remove potential confounding effects on hormone levels.

Participants completed a structured questionnaire to collect demographic details and
information on reproductive, migration, educational, lifestyle, and employment histories. The
questionnaires were first translated into Bengali by native speakers and then back-translated into
English to check for inaccuracies. Both versions were piloted prior to use. Trained researchers
administered the questionnaire in person, and women could choose to respond in either Bengali
or English.

Fourteen percent of Bangladeshi women did not know their exact birth dates because
they were born at home before birth records were routinely collected in Bangladesh (50% of
Bangladesh sedentees, 2% of the adult migrants, none of the child migrants). To help with age
estimations, we constructed an event calendar including memorable occurrences in Bangladesh,
such as the War of Independence, Victory Day, and major national disasters, such as cyclones.
To assist with recall of the last menstrual period for older women, we asked them to remember
the season of the year and any important events that had occurred at that time. Similar event
history calendars are commonly used in survey methodologies to help with reconstructing the
past (Belli et al., 2008).

In addition to the questionnaire, we also collected anthropometric data and single serum
samples. We measured height and weight using standardized techniques (Lohman et al., 1988).
We calculated the body mass index (BMI) as wt(kg)/ht(m?). For the serum samples, we collected
5 ml of blood by venipuncture between days 4 to 6 of the menstrual cycle for pre/perimenopausal
women and at any time for the post-menopausal women. Days 4 to 6 were chosen to prioritize
the time of the cycle when anti-Mdillerian hormone, inhibin B, and follicle-stimulating hormone
(the primary biomarkers of ovarian reserve) are expected to be highest. Samples were all
collected later in the day after the morning peak in E2 levels, after which levels of E2 should be
relatively stable (Bao et al., 2003). We analyzed the serum samples to measure both the free and
bound E2 (pg/mL) using an electrochemiluminescence immunoassay kit by Roche Molecular,
Biochemicals, Mannheim, Germany according to manufacturer instructions. The measuring
range of the assay was between 5 and 4,300 pg/mL, and the mean intra- and inter-assay CV was
<10%.

We used R (3.4.1) for statistical analyses of the data. We log-transformed serum E2
levels to normalize the distribution of data and used multivariate regression to predict serum E2
levels while controlling for potential confounders. We determined menopausal status using the
World Health Organization guidelines (WHO 1996). Using this system, we classified women as
premenopausal if they had menstruated in the previous 2 months, perimenopausal if they last



menstruated between 3 to 12 months ago, and postmenopausal if they had not menstruated in the
past 12 months. However, since only 10 women were considered perimenopausal, we included
these in the premenopausal sample for most analyses, unless otherwise stated.

We created five models to investigate variation in E2 by migration status followed by
robusticity analyses. In exploratory data analysis, we found that E2 levels differed significantly
between parous and nulliparous women (t = 27.63, p-value < 0.001, 95% CI = 2.42-2.79).
Therefore, for each model, we also ran a second analysis including only parous women to ensure
that no important differences in the physiology of nulliparous and parous women influenced our
results. In Model 1, we analyzed E2 levels among all premenopausal women. Model 2 included
the full sample with menopausal status categorized as three levels (pre-, peri- and
postmenopausal). In Model 3, we again included all women but categorized menopausal status as
binary (pre/perimenopausal and postmenopausal). Model 4 included all women but did not
account for menopausal status. Model 5 involved only postmenopausal women.

For each model, we controlled for variables known to affect levels of reproductive
steroids from earlier studies (Barrett et al., 2014; Emaus et al., 2008; Ennour-Idrissi et al., 2015;
Williams et al., 2010; Ziomkiewicz et al., 2008). For variables suspected to affect E2 levels, such
as psychosocial stress (Roney & Simmons, 2015), we included them if they emerged as
statistically significant predictors in univariate analyses. The variables included in the main
models were age, BMI, parity, frequency of exercise per week (e.g., at a gym), walking more
than 20 minutes a day, time spent cleaning (as a measure of physical activity), and self-rated
psychosocial stress. To investigate if E2 levels differed across the menopausal transition between
women who varied in their migrant status, we included an interaction term between menopausal
status and migrant status in Models 2 and 3. However, these models did not include age because
it was highly correlated with menopausal status. Exploratory data analysis suggested that age
differed between women from the separate migrant groups. Statistical analysis confirmed this
difference was statistically significant, so we also used an interaction term between migrant
status and age in Model 4 to ensure that sampling issues did not confound the results.
Additionally, models including only parous women contained the additional covariate of time
since last birth (years), which could not be controlled for in models including nulliparous
women. Following the main analyses, we investigated the robusticity of these models by
including child migrants (see Supplementary Information). All models in the supplemental
analyses contained the same predictors as Models 1-5.

We received ethical permission for the study from the University College London Ethics
Committee, UK; the Ethics Committee for the Department of Anthropology, Durham University,
UK; the University of Massachusetts Amherst Institutional Review Board, USA; and the Ethics
Board, Sylhet MAG Osmani Medical College, Bangladesh.

3. Results
Descriptive statistics for the full sample, by menopausal status, and migrant group are
presented in Table 1. Across the migrant groups, women differed significantly for all covariates



(p < 0.05). Figure 1 compares serum E2 levels across the reproductive lifespan for the four
migration groups. Our models are summarized in Table 2.

TABLE 1, TABLE 2, & FIGURE 1 ABOUT HERE

3.1 Premenopausal analysis

In the first set of analyses, we analyzed E2 levels among premenopausal women by
migrant group (Table 2). Model 1a was not statistically significant (n = 80, adjusted r?> = 0.09,
model p = 0.07, F = 1.89). We then investigated if the results differed when the sample was
limited to parous women (Model 1b). This model was also not statistically significant (n = 60,
adjusted r?>= 0.09, model p = 0.15, F = 1.56). We tested the robusticity of these models by
running a supplemental model including the child migrants, which was also not statistically
significant (see Supplementary Information).

3.2 Menopausal Transition Analyses

Secondly, we investigated if serum E2 levels differed across the menopausal transition by
migration status (Table 2). In Model 2a (n = 120, adjusted r> = 0.21, p < 0.001, F = 3.23), we
found that postmenopausal women had lower E2 levels than premenopausal women (B = -1.22,
SE =0.33, p <0.001). We also found that Bangladeshi sedentees had higher E2 levels than UK
white women (B = 0.83, SE = 0.32, p = 0.009). In Model 2b (n = 96, adjusted r? = 0.31, p <
0.001, F = 3.9), when limiting the sample to parous women only, we found that postmenopausal
women had significantly lower E2 levels than premenopausal women (B = -1.28, SE=0.46, p =
0.007). In neither model was the interaction term statistically significant.

We next reran the menopausal transition analyses classifying menopausal status as a
binary variable (premenopausal or postmenopausal) (Table 2). In Model 3a (n =120, adjusted r?
=0.22, p<0.001, F =4.11), we found that postmenopausal status was a significant negative
predictor of E2 concentrations (B = -1.24, SE = 0.32, p < 0.001). We also found that Bangladeshi
sedentees showed higher E2 levels than UK white women (B = 0.78, SE = 0.30, p = 0.01). We
then limited the analysis to parous women in Model 3b (n = 96, adjusted r?> = 0.34, p < 0.001, F =
5.03). In this model, postmenopausal status predicted lower E2 levels (B =-1.28, SE=0.43, p =
0.004) and Bangladeshi sedentees had significantly higher E2 levels than UK white women (B =
0.58, SE = 0.29, p = 0.05). As above, in neither model was the interaction term statistically
significant.

Model 4a accounted for age but not menopausal status in the interaction term with
migrant status (n = 120, adjusted r?>= 0.25, p < 0.001, F = 4.57). Age was the only significant
predictor in this model (B =-0.09, SE = 0.02, p < 0.001). Model 4b, which included parous
women only, produced similar results (n = 96, adjusted r>= 0.30, p < 0.001, F = 4.42) with age
being the only significant predictor (B = -0.09, SE = 0.03, p = 0.006).

3.3 Postmenopausal Analyses



In our final set of analyses, we investigated E2 differences among postmenopausal
women by migrant group (Table 2). In Model 5a (n = 40, adjusted r?= 0.26, p = 0.03, F = 2.55),
we found no differences by migration status. The only statistically significant predictor was age,
which negatively predicted E2 levels (B = -0.07, SE = 0.03, p = 0.02). In Model 5b, we limited
the sample to parous women. This model was not statistically significant (n = 35, adjusted r? =
0.20, model p = 0.11, F = 1.84). To test the robusticity of this analysis, we also investigated if
results remained the same when we included the child migrants. In this model, age was the only
significant predictor, and it negatively predicted E2 levels (see Supplementary Information).

4. Discussion

The results duplicate findings from our earlier study (NUfiez-de la Mora et al., 2008) and
support our hypothesis that E2 levels are relatively stable across moderately challenging
environments during development and later adult life. With regard to Aim 1 (to determine
whether E2 levels vary by migrant status during the reproductive-aged years), we have again
shown that E2 levels do not vary by migration status during the reproductive years. With regard
to Aim 2 (to investigate whether E2 levels differ across the menopausal transition by migration
status), our results suggest that E2 levels do not vary by migration status across the menopausal
transition. With regard to Aim 3 (to better characterize variation in E2 levels during the
postmenopause), again, we were able to show that there were no differences by migrant group.

The conserved nature of E2 reflected in our findings may be a result of its critical role in
fecundity, specifically for conception, or a function of the physiology of the menstrual cycle,
although these explanations are not mutually exclusive. Even though both P4 and E2 influence
fecundity, population variation in E2 is not evident in conception cycles while differences in P4
persist (Bentley et al., 2000; Lipson and Ellison, 1996; Vitzthum et al., 2004). P4 has a greater
role in the maintenance of pregnancy — low P4 levels are associated with greater odds of
miscarriage (Arck et al., 2008). Additionally, the quality and selection of ovarian follicles relies
on a long process of development spanning almost a calendar year during which the granulosa
cells surrounding antral follicles that produce E2 are steadily maturing and contribute to the
ovarian steroidogenic milieu (Gougeon, 1986). In contrast, the corpus luteum that produces P4 is
specific to one cycle and it may be possible to modify its function more quickly in response to
environmental signals (Hannon & Curry, 2018).

E2 variation may also be more conserved because of its critical role in other functions
beyond reproduction. For example, estrogens are necessary for bone growth and maintenance,
brain function, skin physiology, cardiovascular health, and the immune system (Cutler, 1997;
Hall & Phillips, 2005; Khosla et al., 2012; Klein & Flanagan, 2016; Mcewen, 2002; Moulton,
2018; Murphy & Kelly, 2011; Robinson et al., 2014; Shu & Maibach, 2011). While P4 also has
many functions in the body, the widespread physiological effects of E2 may constrain its
variability in response to changes in environmental conditions.

Despite many studies showing similar E2 levels among populations from different
countries or immigrant groups, some previous literature suggests E2 may differ by ethnicity



(Ausmanas et al., 2007; Randolph et al., 2004). However, because many medical studies of
hormonal differences by ethnicity assume these differences are due to genetic variation, they
often fail to collect relevant biocultural and demographic variables that may explain their results.
For example, serum E2 levels significantly differed among 9 ethnic groups in the Pan-Asia
Menopause study (Ausmanas et al., 2007). However, they only controlled for age and BMI in
their analyses and did not include other important covariates in their models that were
significantly different between groups in this study, such as parity. They also failed to collect
data on other relevant variables, such as physical activity, psychosocial stress, diet, and age at
last birth. In the US, a study using data from the Study of Women’s Health Across the Nation
found that E2 levels were similar among white, African American, and Hispanic women but
were significantly lower among Japanese and Chinese women (Randolph et al., 2004). However,
the effect sizes were small, and they did not control for the many of the same relevant covariates
discussed above (parity, physical activity, psychosocial stress, age at last birth, and more
comprehensive measures of diet composition beyond dietary estrogens).

The limited research among postmenopausal women or those experiencing the
menopausal transition suggests that E2 levels do not differ by ethnicity (Golden et al., 2007;
McTiernan et al., 2008; Randolph et al., 2003), although the Multiethnic Cohort Study found that
Native Hawaiians, Japanese Americans, and African Americans had significantly higher plasma
E2 levels than white women (Setiawan et al., 2006). However, they only observed a difference of
2.7 pg/mL between the most extreme groups. Considering the range of expected E2 levels in the
US among menstruating women is 15 to 350 pg/mL (Mayo Clinic Laboratories), it is not likely
that a difference of 2.7 pg/mL is biologically meaningful. These examples highlight the need to
examine results of large epidemiological studies critically to ensure that important biocultural
variables are controlled for and that small differences between groups are interpreted with an
understanding of the underlying biology.

The limitations of our study highlight areas for future research on this subject. While our
study has a relatively large sample size and our findings advance previous work by using serum
samples, we only collected a single sample from each woman. As female reproductive hormones
may exhibit large fluctuations between cycles (Chatterton et al., 2005; Jasienska & Jasienski,
2008), future work should collect serum samples from multiple menstrual cycles to account for
changes in hormone concentrations between cycles and in aspects of the acute environment that
may influence E2 levels. Additionally, future work should investigate the degree to which the
sensitivity of E2 to acute conditions, such as body composition or physical activity, changes
during the reproductive lifespan, which could affect quantification of E2 variation in studies with
dramatically different sample characteristics.

In addition, the Bangladeshi sedentees in this study are from Sylhet, a relatively wealthy
area of Bangladesh, and Bangladeshi migrants are not necessarily representative of the larger
population, since only those with relatively greater financial resources could afford to emigrate
to the UK. More research is needed with migrant groups in this population to verify whether the
difference in E2 levels between Bangladeshi sedentees and UK white women in some of our



models was due to sampling issues. In summary, future work should build upon previous studies
of E2 variation by investigating levels in a range of ecological conditions to better characterize
the degree and type of environmental stressors that most strongly contribute to variation in this
hormone and more thoroughly disentangle the effects of acute and developmental conditions on
E2 levels across different ecologies.

5. Conclusion

In this study, we investigated E2 levels among women who varied in their developmental
and current environmental conditions due to migration to the UK. Using serum samples, we
found no differences in E2 levels among Bangladeshi women living in Bangladesh, Bangladeshi
immigrants to the UK, and UK white women after adjusting for age and aspects of the current
environment that may influence E2 levels. These results confirm earlier results using salivary
samples and suggest that E2 set points may be relatively insensitive to variation in environmental
conditions during development. In conclusion, our findings provide support for the hypothesis
that E2 levels are more robust under challenging environmental conditions than progesterone,
with variation across populations likely only occurring under long-term, extreme environmental
conditions.

Acknowledgments

We would like to acknowledge all the women who participated in our study and the Bengali
Women’s Health Project. We are also thankful for the help of Susmita Paul Jamy, Sunali Biswas,
Nusrath Jahan, Mahbuba Bari Shikder, Shamima Begum, Sayema Islam Shetu, Sufia Sultana,
Rumana Begum, Kanij Fathema, Salma Begum, Khaza Nazim Uddin, Tamanna Sultana, Laila A.
Choudhury, Nazneen Haque, Shoma Choudhury, Nazneen Choudhury, Sultana Hashim and Dora
Napolitano. Funding was provided by NSF Grant #0548393; Wolfson Research Institute,
Durham University; Institute of Advanced Study, Durham University; and Sigma Xi.

Data Availability Statement
The data that support the findings of this study are openly available in Durham University
Collections (DOI: 10.15128/r2jh343s330).



References

Arck, P. C., Riicke, M., Rose, M., Szekeres-Bartho, J., Douglas, A. J., Pritsch, M., Blois, S. M.,
Pincus, M. K., Barenstrauch, N., Dudenhausen, J. W., Nakamura, K., Sheps, S., & Klapp,
B. F. (2008). Early risk factors for miscarriage: A prospective cohort study in pregnant
women. Reproductive BioMedicine Online, 17(1), 101-113.
https://doi.org/10.1016/S1472-6483(10)60300-8

Ausmanas, M. K., Tan, D. A., Jaisamrarn, U., Tian, X. W., & Holinka, C. F. (2007). Estradiol,
FSH and LH profiles in nine ethnic groups of postmenopausal Asian women: The Pan-
Asia Menopause (PAM) study. Climacteric, 10(5), 427-437.
https://doi.org/10.1080/13697130701610780

Baird, D. D., & Strassmann, B. I. (2000). 11-—Women’s Fecundability and Factors Affecting It.
In M. B. Goldman & M. C. Hatch (Eds.), Women and Health (pp. 126-137). Academic
Press. https://doi.org/10.1016/B978-012288145-9/50014-0

Baird, D., Weinberg, C., Zhou, H., Kamel, F., Mcconnaughey, D., Kesner, J., & Wilcox, A.
(1999). Preimplantation urinary hormone profiles and the probability of conception in
healthy women. Fertility and Sterility, 71(1), 40-49. https://doi.org/10.1016/S0015-
0282(98)00419-1

Bao, A., Liu, R., van Someren, E., Hofman, M., Cao, Y., & Zhou, J. (2003). Diurnal rhythm of
free estradiol during the menstrual cycle. European Journal of Endocrinology, 227-232.
https://doi.org/10.1530/eje.0.1480227

Barrett, E. S., Parlett, L. E., Windham, G. C., & Swan, S. H. (2014). Differences in ovarian
hormones in relation to parity and time since last birth. Fertility and Sterility, 101(6),
1773-1780.el. https://doi.org/10.1016/j.fertnstert.2014.02.047

Begum, K., Muttukrishna, S., Sievert, L. L., Sharmeen, T., Murphy, L., Chowdhury, O., Kasim,
A., Gunu, R., & Bentley, G. R. (2016). Ethnicity or environment: Effects of migration on
ovarian reserve among Bangladeshi women in the United Kingdom. Fertility and
Sterility, 105(3), 744-754.el. https://doi.org/10.1016/j.fertnstert.2015.11.024

Bentley, G. R., Harrigan, A. M., & Ellison, P. T. (1998). Dietary composition and ovarian
function among Lese horticulturalist women of the Ituri Forest, Democratic Republic of
Congo. European Journal of Clinical Nutrition, 52(4), 261-270.
https://doi.org/10.1038/sj.ejcn.1600547

Bernstein, L., Pike, M. C., Ross, R. K., Judd, H. L., Brown, J. B., & Henderson, B. E. (1985).
Estrogen and sex hormone-binding globulin levels in nulliparous and parous women.
Journal of the National Cancer Institute, 74(4), 741-745.

Celec, P., Ostanikov4, D., Skoknova, M., Hodosy, J., Putz, Z., & Kudela, M. (2009). Salivary
Sex Hormones during the Menstrual Cycle. Endocrine Journal, 56(3), 521-523.
https://doi.org/10.1507/endocrj.K0O9E-020

Chatterton, R. T., Mateo, E. T., Hou, N., Rademaker, A. W., Acharya, S., Jordan, V. C., &
Morrow, M. (2005). Characteristics of salivary profiles of oestradiol and progesterone in



https://doi.org/10.1016/S0015-0282(98)00419-1
https://doi.org/10.1016/S0015-0282(98)00419-1

premenopausal women. The Journal of Endocrinology, 186(1), 77-84.
https://doi.org/10.1677/joe.1.06025

Chearskul, S., & Visutakul, P. (1994). Non-invasive hormonal analysis for ovulation detection.
Journal of the Medical Association of Thailand = Chotmaihet Thangphaet, 77(4), 176—
186.

Clancy, K. B. H., Klein, L. D., Ziomkiewicz, A., Nenko, 1., Jasienska, G., & Bribiescas, R. G.
(2013). Relationships between biomarkers of inflammation, ovarian steroids, and age at
menarche in a rural polish sample. American Journal of Human Biology, 25(3), 389-398.
https://doi.org/10.1002/ajhb.22386

Cutler, G. B. (1997). The role of estrogen in bone growth and maturation during childhood and
adolescence. The Journal of Steroid Biochemistry and Molecular Biology, 61(3), 141-
144. https://doi.org/10.1016/S0960-0760(97)80005-2

Dhanoya, T., Sievert, L. L., Muttukrishna, S., Begum, K., Sharmeen, T., Kasim, A., Chowdhury,
0., & Bentley, G. R. (2016). Hot flushes and reproductive hormone levels during the
menopausal transition. Maturitas, 89, 43-51.
https://doi.org/10.1016/j.maturitas.2016.03.017

Dorgan, J. F., Reichman, M. E., Judd, J. T., Brown, C., Longcope, C., Schatzkin, A., Campbell,
W. S., Franz, C., Kahle, L., & Taylor, P. R. (1995). Relationships of age and reproductive
characteristics with plasma estrogens and androgens in premenopausal women. Cancer
Epidemiology, Biomarkers & Prevention: A Publication of the American Association for
Cancer Research, Cosponsored by the American Society of Preventive Oncology, 4(4),
381-386.

Ellison, P. T. (1990). Human Ovarian Function and Reproductive Ecology: New Hypotheses.
American Anthropologist, 92(4), 933-952.
https://doi.org/10.1525/aa.1990.92.4.02a00050

Ellison, P. T. (1996). Developmental influences on adult ovarian hormonal function. American
Journal of Human Biology, 8(6), 725-734. https://doi.org/10.1002/(SICI)1520-
6300(1996)8:6<725::AID-AJHB4>3.0.CO;2-S

Ellison, P. T., Panter-Brick, C., Lipson, S. F., & O’Rourke, M. T. (1993). The ecological context
of human ovarian function. Human Reproduction, 8(12), 2248—-2258.

Emaus, A., Veiergd, M. B., Furberg, A.-S., Espetvedt, S., Friedenreich, C., Ellison, P. T,
Jasienska, G., Andersen, L. B., & Thune, I. (2008). Physical Activity, Heart Rate,
Metabolic Profile, and Estradiol in Premenopausal Women. Medicine & Science in
Sports & Exercise, 40(6), 1022—-1030. https://doi.org/10.1249/MSS.0b013e318167411f

Ennour-Idrissi, K., Maunsell, E., & Diorio, C. (2015). Effect of physical activity on sex
hormones in women: A systematic review and meta-analysis of randomized controlled
trials. Breast Cancer Research : BCR, 17. https://doi.org/10.1186/s13058-015-0647-3

Fiers, T., Dielen, C., Somers, S., Kaufman, J.-M., & Gerris, J. (2017). Salivary estradiol as a
surrogate marker for serum estradiol in assisted reproduction treatment. Clinical
Biochemistry, 50(3), 145-149. https://doi.org/10.1016/j.clinbiochem.2016.09.016



Gann, P. H., Giovanazzi, S., Van Horn, L., Branning, A., & Chatterton, R. T. (2001). Saliva as a
medium for investigating intra- and interindividual differences in sex hormone levels in
premenopausal women. Cancer Epidemiology, Biomarkers & Prevention: A Publication
of the American Association for Cancer Research, Cosponsored by the American Society
of Preventive Oncology, 10(1), 59-64.

Golden, S. H., Dobs, A. S., Vaidya, D., Szklo, M., Gapstur, S., Kopp, P., Liu, K., & Ouyang, P.
(2007). Endogenous sex hormones and glucose tolerance status in postmenopausal
women. The Journal of Clinical Endocrinology and Metabolism, 92(4), 1289-1295.
https://doi.org/10.1210/jc.2006-1895

Gougeon, A. (1986). Dynamics of follicular growth in the human: A model from preliminary
results. Human Reproduction (Oxford, England), 1(2), 81-87.
https://doi.org/10.1093/oxfordjournals.humrep.al136365

Hall, G., & Phillips, T. J. (2005). Estrogen and skin: The effects of estrogen, menopause, and
hormone replacement therapy on the skin. Journal of the American Academy of
Dermatology, 53(4), 555-568. https://doi.org/10.1016/j.jaad.2004.08.039

Hannon, P. R., & Curry, T. E. (2018). Folliculogenesis. In Encyclopedia of Reproduction (pp.
72-79). Elsevier. https://doi.org/10.1016/B978-0-12-801238-3.64628-7

Jasienska, G., & Ellison, P. T. (2004). Energetic factors and seasonal changes in ovarian function
in women from rural Poland. American Journal of Human Biology, 16(5), 563-580.
https://doi.org/10.1002/ajhb.20063

Jasienska, G., & Jasienski, M. (2008). Interpopulation, interindividual, intercycle, and intracycle
natural variation in progesterone levels: A quantitative assessment and implications for
population studies. American Journal of Human Biology, 20(1), 35-42.
https://doi.org/10.1002/ajhb.20686

Jasienska, G., Ziomkiewicz, A., Thune, I., Lipson, S. F., & Ellison, P. T. (2006). Habitual
physical activity and estradiol levels in women of reproductive age. European Journal of
Cancer Prevention: The Official Journal of the European Cancer Prevention
Organisation (ECP), 15(5), 439-445. https://doi.org/10.1097/00008469-200610000-
00009

Khosla, S., Oursler, M. J., & Monroe, D. G. (2012). Estrogen and the skeleton. Trends in
Endocrinology & Metabolism, 23(11), 576-581.
https://doi.org/10.1016/j.tem.2012.03.008

Kivlighan, K. T., Granger, D. A., & Schwartz, E. B. (2005). Blood contamination and the
measurement of salivary progesterone and estradiol. Hormones and Behavior, 47(3),
367-370. https://doi.org/10.1016/j.yhbeh.2004.12.001

Klein, S. L., & Flanagan, K. L. (2016). Sex differences in immune responses. Nature Reviews
Immunology, 16(10), 626-638. https://doi.org/10.1038/nri.2016.90

Lipson, S. F., & Ellison, P. T. (1996). EndocrinologyComparison of salivary steroid profiles in
naturally occurring conception and non-conception cycles. Human Reproduction, 11(10),
2090-2096. https://doi.org/10.1093/oxfordjournals.humrep.a019055



https://doi.org/10.1210/jc.2006-1895

Lohman, T. G., Roche, A. F., & Martorell (eds), R. (1988). Anthropometric Standardization
Reference Manual. Human Kinetics Books.

Mayo Clinic Laboratories. (n.d.). Test ID: EEST. Estradiol, Serum. Retrieved December 15,
2020, from https://www.mayocliniclabs.com/test-
catalog/Clinical+and+Interpretive/81816

Mcewen, B. (2002). Estrogen Actions Throughout the Brain. Recent Progress in Hormone
Research, 57, 357-384. https://doi.org/10.1210/rp.57.1.357

McTiernan, A., Wu, L., Barnabei, V. M., Chen, C., Hendrix, S., Modugno, F., Rohan, T.,
Stanczyk, F. Z., Wang, C. Y., & WHI Investigators. (2008). Relation of demographic
factors, menstrual history, reproduction and medication use to sex hormone levels in
postmenopausal women. Breast Cancer Research and Treatment, 108(2), 217-231.
https://doi.org/10.1007/s10549-007-9588-6

Mora, A. N. la, Chatterton, R. T., Choudhury, O. A., Napolitano, D. A., & Bentley, G. R. (2007).
Childhood Conditions Influence Adult Progesterone Levels. PLOS Medicine, 4(5), e167.
https://doi.org/10.1371/journal.pmed.0040167

Moulton, V. R. (2018). Sex Hormones in Acquired Immunity and Autoimmune Disease.
Frontiers in Immunology, 9. https://doi.org/10.3389/fimmu.2018.02279

Murphy Elizabeth, & Kelly Daniel P. (2011). Estrogen Signaling and Cardiovascular Disease.
Circulation Research, 109(6), 687—696.
https://doi.org/10.1161/CIRCRESAHA.110.236687

Murphy, L., Sievert, L., Begum, K., Sharmeen, T., Puleo, E., Chowdhury, O., Muttukrishna, S.,
& Bentley, G. (2013). Life course effects on age at menopause among Bangladeshi
sedentees and migrants to the UK. American Journal of Human Biology, 25(1), 83-93.
https://doi.org/10.1002/ajhb.22345

Nufiez-De La Mora, A., Bentley, G. R., Choudhury, O. A., Napolitano, D. A., & Chatterton, R.
T. (2008). The impact of developmental conditions on adult salivary estradiol levels:
Why this differs from progesterone? American Journal of Human Biology, 20(1), 2-14.

Panter-Brick, C., & Ellison, P. T. (1994). Seasonality of workloads and ovarian function in
Nepali women. Annals of the New York Academy of Sciences, 709, 234-235.
https://doi.org/10.1111/j.1749-6632.1994.tb30412.x

Pollard, T. M., Unwin, N., Fischbacher, C., & Chamley, J. K. (2009). Total estradiol levels in
migrant and British-born British Pakistani women: Investigating early life influences on
ovarian function. American Journal of Human Biology, 21(3), 301-304.
https://doi.org/10.1002/ajhb.20859

Randolph, J. F., Sowers, M., Bondarenko, I. V., Harlow, S. D., Luborsky, J. L., & Little, R. J.
(2004). Change in Estradiol and Follicle-Stimulating Hormone across the Early
Menopausal Transition: Effects of Ethnicity and Age. The Journal of Clinical
Endocrinology & Metabolism, 89(4), 1555-1561. https://doi.org/10.1210/jc.2003-031183

Randolph, J. F., Sowers, M., Gold, E. B., Mohr, B. A., Luborsky, J., Santoro, N., McConnell, D.
S., Finkelstein, J. S., Korenman, S. G., Matthews, K. A., Sternfeld, B., & Lasley, B. L.



(2003). Reproductive hormones in the early menopausal transition: Relationship to
ethnicity, body size, and menopausal status. The Journal of Clinical Endocrinology and
Metabolism, 88(4), 1516-1522. https://doi.org/10.1210/jc.2002-020777

Read, G. F. (2009). Salivary steroid assays: Still awaiting a killer application: Annals of Clinical
Biochemistry. https://doi.org/10.1258/ach.2009.200901

Riad-Fahmy, D., Read, G. F., & Walker, R. F. (1983). Salivary steroid assays for assessing
variation in endocrine activity. Journal of Steroid Biochemistry, 19(1A), 265-272.

Riad-Fahmy, D., Read, G. F., Walker, R. F., & Griffiths, K. (1982). Steroids in Saliva for
Assessing Endocrine Function. Endocrine Reviews, 3(4), 367—-395.
https://doi.org/10.1210/edrv-3-4-367

Robinson, D. P., Hall, O. J., Nilles, T. L., Bream, J. H., & Klein, S. L. (2014). 17B-estradiol
protects females against influenza by recruiting neutrophils and increasing virus-specific
CD8 T cell responses in the lungs. Journal of Virology, 88(9), 4711-4720.
https://doi.org/10.1128/JV1.02081-13

Roney, J. R., & Simmons, Z. L. (2015). Elevated Psychological Stress Predicts Reduced
Estradiol Concentrations in Young Women. Adaptive Human Behavior and Physiology,
1(1), 30-40. https://doi.org/10.1007/540750-014-0004-2

Santen, R. J. (2009). CHAPTER 27—Breast Cancer. In J. F. Strauss & R. L. Barbieri (Eds.), Yen
& Jaffe’s Reproductive Endocrinology (Sixth Edition) (pp. 659-686). W.B. Saunders.
https://doi.org/10.1016/B978-1-4160-4907-4.00027-9

Setiawan, V. W., Haiman, C. A., Stanczyk, F. Z., Le Marchand, L., & Henderson, B. E. (2006).
Racial/ethnic differences in postmenopausal endogenous hormones: The multiethnic
cohort study. Cancer Epidemiology, Biomarkers & Prevention: A Publication of the
American Association for Cancer Research, Cosponsored by the American Society of
Preventive Oncology, 15(10), 1849-1855. https://doi.org/10.1158/1055-9965.EPI1-06-
0307

Sharmeen, T., Sievert, L. L., Begum, K., Chowdhury, O., Muttukrishna, S., & Bentley, G. R.
(2013). Somatic, mood, and vasomotor symptoms at midlife in relation to family
structure and household workloads in Sylhet, Bangladesh. Anthropological Review,
76(2), 199-216. https://doi.org/10.2478/anre-2013-0019

Shu, Y. Y., & Maibach, H. I. (2011). Estrogen and Skin. American Journal of Clinical
Dermatology, 12(5), 297-311. https://doi.org/10.2165/11589180-000000000-00000

Sievert, L. L., Begum, K., Sharmeen, T., Murphy, L., Whitcomb, B. W., Chowdhury, O.,
Muttukrishna, S., & Bentley, G. R. (2016). Hot flash report and measurement among
Bangladeshi migrants, their London neighbors, and their community of origin. American
Journal of Physical Anthropology, 161(4), 620-633. https://doi.org/10.1002/ajpa.23062

Sievert, Lynnette Leidy, Begum, K., Sharmeen, T., Chowdhury, O., Muttukrishna, S., & Bentley,
G. (2008). Patterns of occurrence and concordance between subjective and objective hot
flashes among Muslim and Hindu women in Sylhet, Bangladesh. American Journal of
Human Biology, 20(5), 598-604. https://doi.org/10.1002/ajhb.20785



https://doi.org/10.1128/JVI.02081-13
https://doi.org/10.1016/B978-1-4160-4907-4.00027-9
https://doi.org/10.1002/ajhb.20785

Simpson, E. R. (2003). Sources of estrogen and their importance. The Journal of Steroid
Biochemistry and Molecular Biology, 86(3-5), 225-230. https://doi.org/10.1016/s0960-
0760(03)00360-1

Stearns, S. C. (1992). The Evolution of Life Histories. OUP Oxford.

Sufi, S. B., Donaldson, A., Gandy, S. C., Jeffcoate, S. L., Chearskul, S., Goh, H., Hazra, D.,
Romero, C., & Wang, H. Z. (1985). Multicenter evaluation of assays for estradiol and
progesterone in saliva. Clinical Chemistry, 31(1), 101-103.

Toriola, A. T., Vaarasmaki, M., Lehtinen, M., Zeleniuch-Jacquotte, A., Lundin, E., Rodgers, K.-
G., Lakso, H.-A., Chen, T., Schock, H., Hallmans, G., Pukkala, E., Toniolo, P.,
Grankvist, K., Surcel, H.-M., & Lukanova, A. (2011). Determinants of maternal sex
steroids during the first half of pregnancy. Obstetrics and Gynecology, 118(5), 1029—
1036. https://doi.org/10.1097/A0G.0b013e3182342b7f

Vining, R. F., & McGinley, R. A. (1987). The measurement of hormones in saliva: Possibilities
and pitfalls. Journal of Steroid Biochemistry, 27(1), 81-94. https://doi.org/10.1016/0022-
4731(87)90297-4

Vitzthum, V. J., Bentley, G. R., Spielvogel, H., Caceres, E., Thornburg, J., Jones, L., Shore, S.,
Hodges, K. R., & Chatterton, R. T. (2002). Salivary progesterone levels and rate of
ovulation are significantly lower in poorer than in better-off urban-dwelling Bolivian
women. Human Reproduction, 17(7), 1906-1913.
https://doi.org/10.1093/humrep/17.7.1906

Williams, N. 1., Reed, J. L., Leidy, H. J., Legro, R. S., & De Souza, M. J. (2010). Estrogen and
progesterone exposure is reduced in response to energy deficiency in women aged 25-40
years. Human Reproduction, 25(9), 2328-2339. https://doi.org/10.1093/humrep/deql72

Windham, G. C., Elkin, E., Fenster, L., Waller, K., Anderson, M., Mitchell, P. R., Lasley, B., &
Swan, S. H. (2002). Ovarian hormones in premenopausal women: Variation by
demographic, reproductive and menstrual cycle characteristics. Epidemiology
(Cambridge, Mass.), 13(6), 675-684. https://doi.org/10.1097/00001648-200211000-
00012

Wood, P. (2009). Salivary steroid assays — research or routine?: Annals of Clinical Biochemistry.
https://doi.org/10.1258/ach.2008.008208

Wu, A. H., Pike, M. C., & Stram, D. O. (1999). Meta-analysis: Dietary Fat Intake, Serum
Estrogen Levels, and the Risk of Breast Cancer. JNCI: Journal of the National Cancer
Institute, 91(6), 529-534. https://doi.org/10.1093/jnci/91.6.529

Ziomkiewicz, A., Ellison, P. T., Lipson, S. F., Thune, I., & Jasienska, G. (2008). Body fat,
energy balance and estradiol levels: A study based on hormonal profiles from complete
menstrual cycles. Human Reproduction, 23(11), 2555-2563.
https://doi.org/10.1093/humrep/den213



Table 1: Descriptive statistics for the full sample, by menopausal status, and by group. Mean (standard deviation). (*) indicates a
statistically significant difference among the groups (p < 0.05). For the comparisons between migrant groups, UK white women were
used as the reference group.

women only)

Premenopausal Women Postmenopausal Women Full sample
Bangladesh | Adult Child UK All Bangladesh Adult Child UK All
Sedentees Migrants | Migrants | White Sedentees Migrants Migrants | White
Women Women
N 18 36 39 35 128 18 16 1 14 49 177
Age (years) 40.69 42.39 39.34 43.67 41.60 (4.81) | 52.51 (4.13)* | 52.77 48.8 55.60 53.40 (4.05) | 45.94 (7.03)
(4.63)* (4.95) (3.43)* (5.01) (3.73) (3.70)
BMI (kg/m2) | 25.90 (3.11) | 27.69* 27.72 25.14 26.78 (4.31) | 24.40(6.01) 26.20 25.79 25.63 25.37 (4.62) | 26.38 (4.43)
(3.47) (4.20)* (5.27) (3.05) (4.30)
Serum 80.20 44.63 46.38 58.87 54.31 22.50 (7.59)* | 28.52 19.54 10.42 20.97 44.87
Estradiol (70.70)* (23.61) (37.39) (68.19) (51.68) (40.48)* (8.70) (24.60) (48.01)
Parity 2.89 (1.45)* | 3.61 3.26 0.91 2.65 (1.87) 3.06 (1.59)* 3.25 3 1.14 2.57 (1.66) 2.62 (1.81)
(1.79)* (1.43)* (1.29) (1.39)* (1.23)
Times 1.25(2.43)* | 1.35 1.14 2.57 1.66 (2.19) 1.06 (2.46) 156(233) | O 1.39 1.30 (2.20) 1.55 (2.19)
exercised per (1.96)* (1.78)* (2.43) (1.82)
week
Walk more 61.11% 72.22% 69.23% 70.73% | 71.09% 43.75% 75% 100% 69.23% 63.04% 68.8%
than 20
minutes a
day (% yes)
Time spent 1345.63 1136.12 1092.59 787.59 1055.71 1336.24 815.94 690 656.73 959.01 1028.32
cleaning (705.89)* (509.08)* | (630.41) (867.85) | (707.73) (1150.24) (622.16) (1104.83 | (1004.23) (800.96)
(min/wk) )
Self-rated 4.15(1.41) 497 3.98 3.93 4.33(1.48) 4.22 (1.11) 443(1.79) |4 3.73 4.16 (1.41) 4.28 (1.46)
stress (0-6) (1.31)* (1.41) (1.64) (1.42)
Years since 11.55(7.12) | 10.62 8.37 11.23 10.14 (5.49) | 21.48 (6.54) 21.99 15.8 25.35 22.26 (5.62) | 13.76 (7.83)
last birth (4.53) (4.36) (6.65) (3.96) (5.80)
(parous




Table 2: Models predicting E2. Predictors followed by a (*) indicate statistically significant
values. Refer to text for the B, SE, and p-value.

Model
Number

Sample (n)

Predictors

Adjusted
RZ

P-value

F Statistic

la

Premenopausal
(80)

Migration status,
age, BMI, parity,
frequency of
exercise per week,
walking more than
20 minutes per day,
time spent cleaning
per week, and self-
rated stress*

0.09

0.07

1.89

1b

Parous
premenopausal
(60)

Migration status*,
age, BMI, frequency
of exercise per week,
walking more than
20 minutes per day,
time spent cleaning
per week, self-rated
stress*, and time
since last birth

0.09

0.15

1.56

2a

Full sample:
pre/peri/post
(120)

Menopausal status
by migration status
interaction, parity,
frequency of
exercise per week,
walking more than
20 minutes per day,
time spent cleaning
per week, self-rated
stress, menopausal
status*, and
migration status*

0.21

<0.001

3.23




2b

Parous full
sample:
pre/peri/post (96)

Menopausal status
and migration status
interaction, parity,
frequency of
exercise per week,
walking more than
20 minutes per day,
time spent cleaning
per week, self-rated
stress, time since last
birth, menopausal
status*, and
migration status

0.31

<0.001

3.9

3a

Full sample: pre /
post (120)

Menopausal status
and migration status
interaction, parity,
frequency of
exercise per week,
walking more than
20 minutes per day,
time spent cleaning
per week, self-rated
stress, menopausal
status*, and
migration status*

0.22

<0.001

411

3b

Full parous
sample: pre /
post (96)

Migration status and
menopausal status
interaction, parity,
frequency of
exercise per week,
walking more than
20 minutes per day,
time spent cleaning
per week, self-rated
stress, time since last
birth, menopausal
status*, and
migration status*

0.34

<0.001

5.03




4a

Full sample:
(120)

Menopausal status
and age interaction,
parity, frequency of
exercise per week,
walking more than
20 minutes per day,
time spent cleaning
per week, self-rated
stress, age*, and
migration status

0.25

<0.001

4.57

4b

Full sample:
parous (96)

Migration status and
age interaction,
parity, frequency of
exercise per week,
walking more than
20 minutes per day,
time spent cleaning
per week, self-rated
stress, time since last
birth, age*, and
migration status

0.30

<0.001

4.42

5a

Postmenopausal
(40)

Migration status,
BMI, frequency of
exercise per week,
time spent cleaning,
walk 20 minutes per
week, self-rated
stress, parity, and
age*

0.26

0.03

2.55

5b

Parous
Postmenopausal
(35)

Migration status,
BMI, frequency of
exercise per week,
time spent cleaning,
walk 20 minutes per
week, self-rated
stress, parity, and
age

0.20

0.11

1.84







Figure 1: Serum estradiol (E2) levels (pg/mL) across the reproductive lifespan. Error bars
represent the standard deviation. Age categories: 1 = 35-39 (n = 55); 2 = 40-44 (n = 40); 3 = 45-
49 (n = 33); 4 =50-54 (n = 26); 5 = 55-59 (n = 24).



