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Objectives: We used detailed saliva sampling procedures to test for diurnal changes in men’s salivary estradiol (E2)
and testosterone (T) and assessed whether greater adiposity predicted higher E2 and T.
Methods: We drew on a subsample of young adults enrolled in a long-running birth cohort study in Metro Cebu,
Philippines. Subjects provided saliva samples at four time points during the day (waking, waking 140 min, early evening, and bedtime), which were assayed for E2 and T. Using these detailed hormonal data, we calculated E2 (n 5 29)
and T (n 5 44) area-under-the-curve values, which provide insights on hormonal production over the study period.
Results: While T declined immediately after waking and reached a nadir in the early evening, E2 did not show significant diurnal change (P  0.1) but was positively correlated to T at multiple time points (P  0.05). Subjects with
higher adiposity (BMI, waist circumference, skinfolds) had elevated E2 secretion throughout the day (P  0.01), but adiposity was not related to salivary T.
Conclusions: Consistent with past research, our results indicate that adipose tissue is a significant site of E2 production in males but differ from a limited number of prior studies of young men in that we did not find lower T with
increasing adiposity. Given E2’s role in male hypothalamic-pituitary-gonadal function and complex interfaces with the
immune system, these results have important implications for models of male life history as rates of overweight and
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obesity rise in populations around the world. Am. J. Hum. Biol. 26:376–383, 2014.

Compared with its critical roles in female reproductive
biology, estradiol’s (E2) potential importance to male
physiological function has been described in much less
detail. There are notable sex-based differences in E2 production pathways. In females, the gonads (ovaries) are
the primary producers of E2 (Ellison, 2001). By contrast,
circulating male E2 appears to be derived less from direct
gonadal (testes) production, and more so from local,
tissue-specific conversion of testosterone (T) to E2 via the
enzyme aromatase (Baird et al., 1969; Labrie et al., 1997).
Local aromatization occurs in a range of tissues, including
in the brain, in skeletal muscle, and extensively in body
fat (de Ronde et al., 2003; Vermeulen et al., 2002). Multiple lines of evidence suggest that E2 might have important implications for male life history. For example, E2
interacts with diverse aspects of the immune system,
impacting humoral immunity, autoimmunity, and inflammation pathways (among other effects), to potentially
affect maintenance-reproduction trade-offs, day-to-day
well being, and longevity (Ahmed et al., 1985; Grossman
et al., 1991; Sakiani et al., 2012; Straub, 2007). Animal
models indicate that E2 might also influence male fertility
via effects on sperm production (de Ronde et al., 2003),
and a recent experimental study of reproductive-aged
men found that suppression of E2 reduced males’ sexual
desire and function, independent of T (Finkelstein et al.,
2013). Finally, E2 contributes to the negative feedback
loop that regulates the hypothalamic-pituitary-testicular
(HPT) axis (Bagatell et al., 1994; Raven et al., 2006),
which primarily controls T production and is a
neurobiological-endocrine mediator of critical male life
history trade-offs (Bribiescas, 2001; Ellison, 2001; Hau,
2007). However, to fully integrate E2 into reproductive
physiological and ecological models of male life history, we
C 2014 Wiley Periodicals, Inc.
V

need to expand our knowledge of its mechanistic function
and regulation and how they vary across contemporary
populations and over the male life course (Bribiescas,
2006a,b; Ellison, 2001; Ellison et al., 2002).
Given E2’s negative feedback on the HPT axis and adipose tissue’s aromatization capacities, questions of E2’s
importance to male reproductive physiology, health, and
(possibly) behavior are of increasing salience as rates of
overweight and obesity rise in populations around the
world, highlighting the interface between a common culturally and politically economically influenced niche (i.e.,
obesogenic environments) and a relatively evolutionarily
conserved physiological axis (i.e., the HPT axis). The relationship between body composition, E2, and reproductive
physiology in males is complex. E2 influences the production and maintenance of adipose tissue and the pattern of
localized fat deposition (Cooke and Naaz, 2004). By regulating an enzyme known as lipoprotein lipase, E2 can
inhibit lipid uptake by adipocytes, limiting fat accumulation, though some evidence suggests that these specific
effects are less pronounced in males’ abdominal fat depots
compared to adipose tissue elsewhere on the body (Mayes
and Watson, 2004; Ramirez et al., 1997). Moreover, a
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recent experimental trial, in which reproductive-aged
men’s endogenous T and E2 were suppressed and then
systematically replaced in varying doses, showed that
men with inhibited E2 gained both subcutaneous and
intra-abdominal fat, independent of T (Finkelstein et al.,
2013). In contrast, there is also strong evidence that E2
can reduce lipolysis in subcutaneous fat as well as potentially increase adipose precursor cell proliferation (Cooke
and Naaz, 2004; Pedersen et al., 2004). Because adipose
tissue is a significant site of aromatization (Vermeulen
et al., 2002), men becoming overweight and obese often
experience increased conversion of T to E2, which likely
contributes to a commonly observed obesity-linked phenotype characterized by lower T and elevated E2 (Jensen
et al., 2004; Schneider et al., 1979; Tchernof et al., 1995;
Van Pottelbergh et al., 2003; Vermeulen et al., 2002).
However, studies in this area frequently draw from clinical studies of HPT axis dysfunction, particularly as connected to pathological adiposity (Schneider et al., 1979;
Tchernof et al., 1995), or aging Euro-American samples
(Van Pottelbergh et al., 2003; Vermeulen et al., 2002).
Consequently, many questions remain about the mutually
regulatory interface between adiposity, T, and E2 in early
adulthood. In particular, multiple facets of HPT axis physiological dynamics, with implications for E2, vary between
older and younger men, for example, T, aromatase, and
transport protein (albumin and sex hormone binding globulin) production (Cleland et al., 1985; Mazur, 2009; Van
Pottelbergh et al., 2003). Though less explored, hormone
receptor quantities, affinities, and sensitivities as well as
hormone clearance rates might also vary. Similar crosspopulation variability could exist based on developmental
exposures that likely affect these pathways (e.g., diet,
energetic status, pathogenicity, environmental toxicity,
etc.).
Data on E2’s diurnal regulation are also relatively
sparse (compared with T, for example), with some studies
indicating that male E2 is relatively stable across the day
(Bribiescas, 2005; Leymarie et al., 1974; Murono et al.,
1982) and results elsewhere suggesting that E2 fluctuates
diurnally (Berg and Wynne-Edwards, 2001; Juneja et al.,
1991). In terms of incorporating E2 more rigorously into
studies of male life history, it is imperative to describe the
normative physiological mechanics of its production. As
an exemplar, psychobiological research on cortisol, which
has a diurnal curve characterized by high waking values,
a spike shortly thereafter (awakening response), and then
declining production over the course of the day, has shown
that the steepness of the diurnal curve and the magnitude
of the awakening response are affected by day-to-day emotional disruption (Adam et al., 2006) and dysregulated in
conditions such as depression and chronic fatigue syndrome (Dienes et al., 2013; Nater et al., 2008). Characterizing E2’s diurnal curve will enable us to better test
hypotheses regarding alterations in its regulation and its
physiological roles as internal conditions and demands
shift throughout the life course, such as with energy
excess (overweight/obesity), psychosocial stress, active
infection, or senescence.
Finally, prior research has shown that correlations
between salivary and plasma E2 are less strong among
males than females, suggesting that salivary E2 might
provide unreliable assessments of circulating levels
(among males), for example, compared with plasmasalivary correlations for T (Shirtcliff et al., 2000). As a

consequence of these issues, human male psychobiological
studies using salivary E2 might be predisposed to Type II
errors (Shirtcliff et al., 2000). To date, most studies of E2body composition relationships have relied on hormonal
values assayed from plasma/serum samples, rather than
more field-friendly, less invasive saliva sampling techniques commonly used by anthropologists studying human
biology (but see Bribiescas, 2005). It is relatively unknown
whether salivary E2 might be more valid for body composition studies (compared with male psychobiologybehavioral physiology research) due to the aromatization
capacities of fat tissue. This is an important methodological issue for advancing anthropological research in this
domain.
Here, using saliva samples collected at four time points
over the course of the day, we present diurnal rhythms for
both salivary E2 (n 5 29) and T (n 5 44) from a subsample of young adult men (all of whom are fathers)
enrolled in a well-characterized, one-year birth cohort
study in the Philippines (Adair et al., 2011). We first test
whether E2 shows a diurnal decline across the day, similar to T, and test for positive correlations between E2 and
T. We then test the hypotheses that subjects with greater
adiposity will have elevated E2 and lower T secretion over
the course of the day. We approach these hypotheses from
two directions. First, we test whether adiposity is predictive of E2 at single time points (i.e., waking and bedtime,
respectively), as is common in field-based studies of
human physiology. We then draw on our detailed (four
time point) hormonal data to conduct area under the
curve (AUC) analyses (Pruessner et al., 2003), which provide a more rigorous perspective on hormonal secretion/
exposure for a given timeframe by integrating repeated
measures from each subject into a single variable (Pruessner et al., 2003). Using this AUC approach, we test
whether men with greater adiposity have higher E2 and
lower T over the course of the study period.
METHODS
Study population
Data collection took place in 2010 as part of the Cebu
Longitudinal Health and Nutrition Survey (CLHNS), a
population-based birth cohort begun in 1983–1984 (Adair
et al., 2011). Men were a mean of age 26.6 6 0.3 (SD) years
at the time of data and sample collection. Cebuanospeaking interviewers collected socioeconomic, demographic, health, and general behavioral data using
questionnaire-based, in-home interviews (Adair et al.,
2011). We conducted this research under conditions of
written informed consent with human subjects’ clearance
from the Institutional Review Board of Northwestern
University.
Sample characteristics
Subjects in this analysis were participants in a separate
father-toddler interaction study (n 5 45; Gettler et al.,
2011c, 2013b). We selected fathers for the father-child
interaction study based on them living with at least one
biological child, older than 1 year of age and <4 years of
age, and the mother of that child, having no adopted or
step-children, and having full data from prior CLHNS
surveys, conducted in 2005 and 2009. We have previously
described the full criteria for inclusion in the study (Gettler et al., 2011c, 2013b).
American Journal of Human Biology
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TABLE 1. Sample characteristics
Full E2 dataa

Demographic characteristics
Age (years)
Education (highest grade)
Currently employed (%)
Urban barangay (neighborhood; %)
Fatherhood characteristics
Duration of marriage (years)
Number of children
Years as a father
Anthropometric characteristics
Height (m)
Weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Triceps skinfolds (mm)
Suprailiac skinfolds (mm)
% Overweight (25  BMI < 30)
% Overweight (BMI  30)
a
b

Statistical analyses
Full T datab

Mean

SD

Mean

SD

26.7
9.7
96.6
58.6

0.3
3.3
–
–

26.6
9.6
93.2
61.4

0.3
3.3
–
–

5.1
2.2
4.2

2.2
1.1
2.3

5.4
2.3
4.4

2.3
1.0
2.2

1.62
64.2
24.3
79.8
18.1
19.6
10.3
17.2

0.1
15.9
5.4
12.7
8.8
9.6
–
–

1.62
62.2
23.6
78.4
16.7
19.0
9.1
15.9

0.1
14.9
5.2
11.9
8.9
10.3
–
–

Descriptive statistics for subjects with full E2 data (n 5 29).
Descriptive statistics for subjects with full T data (n 5 44).

Saliva collection
The day following the father-toddler interaction, subjects provided saliva samples at their homes, at the following time points: immediately upon waking [6:08
AM 6 (SD) 1:41], 40 min after waking (6:46 AM 6 1:40),
early in the evening (6:37 PM 6 0:31), and before bedtime
(9:22 PM 6 1:23). Our research team retrieved the samples and transported them to the USC-Office of Population Studies Foundation (Philippines), where they were
frozen at 235 C. All samples were later shipped on dry
ice to Northwestern University, where they were stored at
280 C.
Salivary hormonal analyses
We ran the T and E2 assays at separate time points at
Northwestern University’s Laboratory for Human Biology
Research using enzyme immunoassay kits from Salimetrics (State College, PA): E2 No. 1–4,702; T No. 1–2,402.
Interassay coefficients of variation for high and low controls were as follows: E2 5 3.8% and 5.7%; T 5 6.4% and
7.2%. When we conducted the T analyses, the full sample
(n 5 45) had sufficient saliva for all four of the sampling
time points. We were unable to include one subject
because his bedtime T value had a CV outside of the
acceptable range, resulting in a sample of 44 subjects with
T data. We assayed the samples for E2 secondarily, with
40 subjects having adequate saliva volume for these analyses. Nine subjects had at least one E2 value that fell
below the assay’s level of detection (see below). We were
unable to include one subject because his bedtime E2
value had a CV outside of the acceptable range, and we
eliminated another subject because of an E2 value 8 SD
above the sample mean. Thus, we had a sample of 29 men
with full E2 data.
Anthropometrics
We measured body weight (kg), height (cm), waist circumference (cm), and skinfold thicknesses (triceps, suprailiac; mm) using standard anthropometric techniques
(Lohman et al., 1988). We calculated the body mass index
(BMI) as the ratio of weight (kg)/height (m2).
American Journal of Human Biology

We conducted our analyses using Stata 12.1 software.
Drawing on the sample of men with full hormonal data
(T: n 5 44; E2: n 5 29), we employed paired, two tailed ttests to assess diurnal change in E2 and T and correlated
E2 and T at each time point. We then applied multiple statistical approaches to test for relationships between E2, T,
and three measures of body composition (BMI, waist circumference, and skinfold thickness). As is common in
many studies of human steroidal physiology (van Anders
et al., 2014), including multiple previous behavioral (Gettler et al., 2011a, 2012a, 2013a; Kuzawa et al., 2009) and
anthropometric-related (Gettler et al., 2010, 2011b) studies in this field setting, we predicted men’s hormonal values at single time points (E2 and T assayed from waking
samples and bedtime samples, respectively) from our
independent variables (BMI, waist circumference, and
skinfold thickness) using linear regression. We then used
an AUC technique, which provides a more robust perspective (than single measures, such as waking or bedtime) on
total hormonal secretion and exposure throughout the
day, to assess hormone-adiposity relationships (Pruessner
et al., 2003). We calculated subjects’ E2 and T diurnal
secretion using the “AUC with respect to ground” trapezoid formula (Le Floch et al., 1990; Pruessner et al., 2003).
For E2, we first calculated AUC values using the subsample of men with fully detectable E2 at all time points
(n 5 29). Because the assay that we employed to examine
male E2 is designed for a normative range of female E2
(Salimetrics LLC), a number of subjects (n 5 9) had at
least one E2 value that fell below the assay’s level of
detection. We ascribed these undetectable samples values
of 0.1 pg/ml, which is the lower limit of assay sensitivity,
according to the assay manufacturer (Salimetrics LLC).
We calculated a second set of E2 AUC values that combined the subsample of men with fully detectable E2 at all
time points (n 5 29) and the subsample for whom at least
one undetectable value was ascribed (n 5 9), resulting in a
subject pool of 38 men. We then predicted men’s E2 AUC
(with separate models for men with full E2 data versus
the sample that includes subjects with ascribed values)
and T AUC from body composition using linear regression.
We adjusted our hormonal measures for wake time. We
used G*Power3, a freely available statistical software
package, to conduct a power analysis (Faul et al., 2007).
RESULTS
Table 1 provides descriptive statistics for the sample.
As predicted, T decreased over the course of the day, with
a decline shortly after waking and an evening nadir. In
contrast, we detected no significant diurnal pattern for E2
(Fig. 1), though it did tend to decrease immediately after
waking (P 5 0.1). We conducted a post-hoc power analysis
for the comparison between waking E2 and wake 1 40
min E2, finding that a sample of 81 subjects would be necessary to document a significant (P < 0.05) decline in E2
after waking, given our effect size and with statistical
power set to 0.8. As predicted, E2 and T were positively
correlated at multiple time points: wake r 5 0.36,
P 5 0.057; wake 140 min r 5 0.25, P 5 0.2; early evening
r 5 0.36, P 5 0.054; bedtime r 5 0.62, P 5 0.0003.
Using linear regression (n 5 29), we tested whether
men with greater adiposity had elevated E2 at waking or
at bedtime, finding no significant associations between E2
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Fig. 1. Patterns of diurnal change in salivary E2 and T, measured at four time points: waking (6:08 AM), 40 min after waking (6:46 AM),
early in the evening (6:37 PM), and before bedtime (9:22 PM). Values for E2 did not significantly vary across the day (all P  0.1). T values with
varying letters differ significantly from one another (all P < 0.001; paired t-tests). Error bars indicate 95% CI.

TABLE 2. Bivariate linear regression models predicting waking and bedtime E2 from measures of adiposity (n 5 29)a
Waking E2
BMI
Waist circumference
Skinfold thicknesses
a

0.01
0.004
0.003

(20.03, 0.05)
(20.01, 0.02)
(20.01, 0.01)

P value

Model R2

0.6
0.6
0.5

0.010
0.012
0.014

Bedtime E2
0.02
0.01
0.01

(20.04, 0.07)
(20.01, 0.03)
(20.01, 0.03)

P value

Model R2

0.5
0.4
0.2

0.020
0.024
0.049

Values are b (95% CI) of E2.

and our three anthropometric measures of adiposity (all
P > 0.2; Table 2). Similarly, men did not differ for body fatness based on their waking or bedtime T (n 5 44; all
P > 0.3).
However, consistent with our predictions, men with
greater levels of adiposity (BMI, waist circumference,
skinfold thickness) had higher diurnal E2 secretion over
the course of the day in models limited to males with
detectable E2 at all time points (n 5 29; Fig. 2; Table 3; all
P  0.01). To aid with visualization, we present a comparison of E2 AUC for healthy BMI and overweight/obese
BMI subjects in Figure 3. Although the effect sizes tended
to mildly decrease, we found similar results when we
expanded the analytical sample (n 5 38; Table 3; all
P < 0.05) to include subjects with undetectable E2, by
ascribing them values for undetectable samples (see
Methods). Contrary to our predictions that high adiposity
males would have lower T, we found no significant relationships between T AUC and any measure of body composition (all P > 0.4).
DISCUSSION
Data on the diurnal pattern of E2 in males are relatively sparse (Bribiescas, 2005; Juneja et al., 1991; Leymarie et al., 1974; Murono et al., 1982), and studies
testing for relationships between E2 and body composition among young, reproductively healthy males have
been few when compared to the literature on aging males
and clinical samples. Here, we showed that T declined significantly over the course of the day, reaching a nadir in
the early evening, whereas E2 was relatively unchanged.
E2 and T were moderately positively related at multiple
time points, which is unsurprising given that the E2 is

derived from T in the testes and peripheral tissues (in
part; Baird et al., 1969). Finally, consistent with our predictions, men with greater adiposity had elevated E2
secretion across the day. In contrast, when we restricted
our E2-adiposity analyses to single sampling time points
(i.e., waking and evening E2), as is commonly done in
studies of human biology, we did not find that men with
greater body fat had higher E2. These discrepancies highlight the comparatively enhanced reliability (relative to
single samples) and greater statistical power of the areaunder-the-curve approach for indexing individual hormonal profiles and correlates thereof (Pruessner et al., 2003;
Wust et al., 2000).
Although E2 may prevent fat accumulation in some
depots (Cooke and Naaz, 2004), men with greater adipose
tissue commonly have elevated E2 (Ferrini and BarrettConnor, 1998; Jensen et al., 2004; Schneider et al., 1979;
Tchernof et al., 1995; Van Pottelbergh et al., 2003; Vermeulen et al., 2002), similar to our results here. This positive relationship results from secretion of E2 by adipose
tissue, which is a prominent site of T-to-E2 aromatization.
Because E2 contributes to negative feedback regulation of
the HPT axis (Bagatell et al., 1994; Raven et al., 2006),
conversion of T to E2 (and thus lower circulating T) in
high adiposity men might not be compensated for by
greater testicular T production (Zumoff et al., 2003).
Thus, our finding that men’s T secretion was not lower as
their adiposity increased ran counter to our predictions.
In addition to heightened E2, obese men also commonly
have other physiological characteristics, such as higher
insulin and lower sex hormone binding globulin, that are
known to reduce circulating free T (Haffner et al., 1994;
Pasquali, 2006; Pasquali et al., 1991). With a larger sample size, we could have tested for either nonlinear
American Journal of Human Biology
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Fig. 2. Scatter plot of diurnal E2 AUC regressed on measures of
adiposity. Dark line 5 best fit linear relationship between E2 AUC
and each adiposity measure. BMI, waist circumference, and sum of
skinfolds significantly predicted E2 AUC (all P  0.01; see Results for
full model details). We calculated E2 AUC using a formula from
Pruessner et al., 2003 (see Methods): E2 AUC 5 [0.5 3 (t2 2 t1) 3
(wake E2 1 wake 40 E2)] 1 [0.5 3 (t3 2 t2) 3 (wake 40 E2 1 early PM
E2)] 1 [0.5 3 (t4 2 t3) 3 (early PM E2 1 bedtime E2)]. Sample times
in the E2 AUC equation: t1 5 wake E2, t2 5 wake 1 40 E2, t3 5 early
evening E2, and t4 5 bedtime E2.

relationships between T and adiposity (with low T being
restricted to the obese) or E2-T relationships being moderated by obesity.
Alternatively, the men in our analysis were young, compared to the subjects in most other studies in this area,
thus it is possible that any potential negative implications
of high adiposity and elevated E2 for reproductive health
(such as dysregulated HPT axis function, or reduced T)
only emerge after more chronic, longer-term exposure,
American Journal of Human Biology

particularly in conjunction with senescence. Although not
well-characterized in human males, the extent to which
increasing E2 inhibits the HPT axis might depend on
between-subject variation, physiological changes across
the life course, and differences across populations based
on developmental milieus (Bribiescas, 2006a,b; Ellison
et al., 2002; Veldhuis and Iranmanesh, 2005; Veldhuis
et al., 2009). For example, comparable research elsewhere
on males in early adulthood has yielded variable results,
with a large Danish study finding low T and elevated E2
among overweight men, with modest effect sizes, and a
Polish study showing low T among overweight/obese
males, with no differences for E2 (Jankowska et al., 2000;
Jensen et al., 2004). Pathways for cross-population and
life course variation in HPT axis function in response to
E2 include the quantity and sensitivity of E2 receptors
expressed by pituitary gonadotropes (Shupnik, 2002;
Shupnik and Schreihofer, 1997). While our analysis has
the advantage of drawing on a sample from a longrunning, one-year birth cohort study, thus removing the
confounding effects of age that must be carefully controlled in studies of body composition and reproductive
steroids with more diverse age demographics (e.g., Ferrini
and Barrett-Connor, 1998), the age range of our subjects
also prevents us from testing whether senescence moderates the hormonal-adiposity results we observed here.
Lastly, adrenal androgens likely also provide precursors
for aromatization and could be involved in the E2adiposity patterns here (i.e., helping to explain how E2
could increase without decreasing the reservoir of circulating T; Labrie et al., 1997; Tchernof et al., 1995).
In line with our predictions, T declined across the daytime period, with a nadir in the early evening and low levels thereafter. We found no diurnal pattern for salivary
E2, although our sample was underpowered to detect a
potential decline in E2 shortly after waking. The flatness
of the E2 diurnal curve between the morning and the evening ran counter to our hypothesis that it would mimic
the decrease in T over the course of the day. While consistent with a small number of prior studies (Bribiescas,
2005; Leymarie et al., 1974; Murono et al., 1982), the lack
of diurnal curve for E2 is somewhat surprising given its
derivation from testicular-produced T and adrenal androgens, which also appear to decline diurnally (Laudenslager et al., 2013). It is possible that aspects of E2
physiology (e.g., aromatase production/activity, particularly in adipose tissue) are regulated in a circadian fashion, contributing to a decoupling of E2’s rhythm from that
of T. For example, circadian clock genes are active in fat
depots, and genes that regulate steroid metabolism in
human adipose tissue exhibit circadian profiles (Garaulet
et al., 2011; Hernandez-Morante et al., 2009; Zvonic et al.,
2006). While our study lacks the statistical power to specifically to test for moderating effects of overweight/obesity on E2’s diurnal pattern, this might merit
consideration in future research.
Prior psychobiological research questioned the appropriateness of measuring male E2 via saliva, suggesting
that salivary values under-represented associations
between E2 and behavioral measures (i.e., prone to Type
II error), compared with E2 assayed from serum (Shirtcliff et al., 2000). Because adipose tissue directly contributes to circulating E2, it is possible that relationships
between male salivary E2 and body composition are more
reliable than E2-behavioral correlations. However, little
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TABLE 3. Bivariate linear regression models predicting E2 AUC from measures of adipositya
Subsample with fully
detectable E2b
BMI
Waist circumference
Skinfold thicknesses

0.60
0.26
0.22

(0.13, 1.08)
(0.06, 0.46)
(0.09, 0.35)

P value

Model R2

0.014
0.012
0.002

0.204
0.212
0.300

Subsample that
includes subjects with
undetectable E2c
0.57
0.28
0.18

(0.04, 1.10)
(0.05, 0.51)
(0.03, 0.33)

P value

Model R2

0.037
0.019
0.023

0.116
0.144
0.136

a

Values are b (95% CI) of E2 AUC.
n 5 29. Limited to subjects with detectable E2 at all four sampling time points.
n 5 38. We ascribed subjects with undetectable E2 at any sampling point a value of 0.1 pg/ml. See Methods.

b
c

Fig. 3. For visual purposes, we present E2 AUC for men with
healthy BMI compared with men with overweight/obese BMI. The
dark shaded area indicates E2 AUC for men with healthy BMI (< 25
kg/m2; n 5 21). The light shaded area indicates the extent to which
overweight/obese men (25 kg/m2  BMI; n 5 8) have E2 AUC that
exceeds that of healthy BMI subjects. In a one-tailed, unpaired t-test
subjects with healthy BMI had lower E2 AUC than overweight/obese
men (P 5 0.045).

research has been conducted on the utility of salivary E2
to studies of body composition and its health correlates,
with most relevant studies focusing on E2 assayed from
blood samples. In contrast to our findings here, a prior
field-based, anthropological study by Bribiescas did not
show that Ache Amerindian men with greater adiposity
had higher salivary E2, but this probably reflects the
leanness (mean BMI: 23.8 kg/m2) of the sample (Bribiescas, 2005). Indeed, in that study, Ache men with higher
E2 also had greater T, with comparable effect sizes to our
results and those for studies examining E2 and T from
blood (Van Pottelbergh et al., 2003; Vermeulen et al.,
2002), suggesting that the salivary E2 measures were reliable (Bribiescas, 2005). Given the strength of the relationships that we documented here between salivary E2 and
multiple measures of adiposity, we suggest that fieldbased studies of body composition and health can draw on
noninvasive salivary measures to evaluate male E2,
although thorough diurnal sampling (allowing for AUC
calculation) is potentially critical in studies with sample
sizes comparable to ours versus those in larger clinical or
epidemiological studies (e.g., Jensen et al., 2004; Van Pottelbergh et al., 2003; Vermeulen et al., 2002).
One potential limitation of our study is that this subsample of men was composed entirely of fathers residing
with their children, a demographic-behavioral profile we
have previously linked to reduced T (Gettler et al., 2011a,
2012a) and elevated prolactin (Gettler et al., 2012b). In
the only study of its kind, to date, expectant Canadian

fathers had higher E2 than non-fathers (Berg and WynneEdwards, 2001). However, the subjects’ body composition
was not measured, and preliminary US and Europeanbased research suggests that fathers are more likely to be
overweight/obese than nonfathers, possibly due to being
less physically active or consuming poorer diets (Laroche
et al., 2007; Nielsen et al., 2006; Weng et al., 2004). While
there is some precedent for upregulated E2 production
among nonhuman primate fathers (Ziegler et al., 2004)
and greater brain aromatase activity among fathers of
one rodent species (Trainor et al., 2003), we think it
unlikely that fatherhood directly affects the aromatization of E2 by adipose tissue, specifically. If true, our
results, linking E2 secretion and body composition, are
relevant to broader questions of male reproductive physiology, rather than being solely germane to fatherhood. It
is also plausible that in cultural contexts in which men
commonly invest in their children, such as Cebu, fathers
are especially prone to low T (downregulation via parenthood/childcare) and high E2 (upregulated in conjunction
with overweight/obesity; Gettler et al., 2011a, 2012a),
which has important implications for conceptualizing
fatherhood’s effects on men’s health (Garfield et al., 2006;
Gettler et al., 2011a).
We also analyzed males’ salivary E2 using a commercially available kit optimized for a normative range of
female salivary E2 (Salimetrics LLC). The mean E2 values (Fig. 1) for our male sample approach the value of the
lowest calibrator (1.0 pg/ml). Thus, our data may be less
precise than results from samples with higher average
E2, which could increase the likelihood of type II error
due to reduced statistical power. Moreover, nine of the 40
eligible subjects in this study did not have complete E2
data for analysis because a value fell below the assay
detection limit. Such subjects did not differ from included
men for body composition variables and were not more (or
less) likely to be overweight/obese (not shown), suggesting
that our results were not biased by their exclusion. When
we ascribed these men E2 values based on the assay kit’s
lower limit of sensitivity (see Methods) and incorporated
them in our E2 AUC-adiposity analyses, the results were
comparable, though with lower effect sizes, which is
unsurprising, given reduced reliability of ascribed values.
Future research in this area would benefit from the development and validation (against values assayed from
serum) of a high sensitivity assay oriented towards normative ranges of male salivary E2 (Gettler et al., 2013b).
In sum, drawing on a sample of early adult Filipino
men, we found that salivary E2 follows a relatively flat
diurnal curve. While T and E2 were modestly correlated
at multiple time points during the day, men with greater
adiposity did not differ from other subjects for T but had
higher E2 secretion, indicating increased systemic
American Journal of Human Biology
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exposure to the hormone. The impacts this may have on
reproduction, behavior and health for reproductive-aged
adult males are poorly characterized, but could be significant, given the increasing incidence of overweight/obesity
in many populations around the globe.
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