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Abstract

Purpose Adrenal androgens like dehydroepiandrosterone (DHEA) are important to
numerous aspects of health and psychosocial stress physiology. DHEA is responsive
to stress, and previous studies have shown chronic stress can be associated with a
reduction in DHEA. However, the large majority of this work has been conducted
in resource-rich, industrialized societies, with few studies examining how adrenal
androgens respond to stressors in environments with persistent resource related con-
cerns. Here we examine the relationships between androgens and chronic psychoso-
cial stress in a sample of Himba pastoralists, in order to determine the relationship
between DHEA and stress in a resource-limited environment.

Methods We assayed DHEA and testosterone in 122 afternoon saliva samples from
46 Himba women aged 18-66, median age 30. Women also completed a chronic
psychosocial stress survey, which included social, health, and resource related
stressors reported over the past thirty days.

Results DHEA concentrations show a curvilinear relationship with age, peaking in
the mid-30s; testosterone was relatively flat across the life course. DHEA, but not
testosterone, was negatively associated with chronic stress scores. In a comparison
of question types, resource-related stressors showed the strongest relationship with
DHEA.

Conclusion Our results support findings from previous studies conducted in indus-
trialized societies, showing that chronic stress is associated with a reduction in
DHEA concentrations. In contrast, salivary testosterone appears unrelated to chronic
stress. Given the associations between DHEA and other aspects of health, better
understanding of drivers of DHEA variability can elucidate linkages between stress-
ors and health outcomes.
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Introduction

Chronic psychosocial stressors can fundamentally alter endocrine physiology, with
important implications for health and wellbeing (McEwen, 2007). Understanding
variation within and between populations in how chronic stress can alter hormone
profiles may help us to better understand how and why chronic stress is linked to
health disparities. A host of physiological systems help the body respond to short-
term stress, coordinating heart rate, blood pressure, immunological, and metabolic
actions to make crucial adjustments that allow organisms to respond to changing
conditions and threats to survival. However, at longer time intervals, these processes
can have detrimental impacts on the same physiological systems (Bauer et al., 2009;
Juster et al., 2010; McEwen, 2007). The hypothalamic-pituitary-adrenocortical
(HPA) axis is centrally involved in regulating endocrine responses, producing cat-
echolamines and adrenal androgens that have potent effects on health and cognition
(McEwen, 2007; Pluchino et al., 2015; Quinn et al., 2018). Dysregulation in the pro-
duction of these hormones has been implicated in physiological and psychological
disfunction (Joseph & Golden, 2017; Klinge et al., 2018; Lupien et al., 1994).

The adrenal androgen dehydroepiandrosterone (DHEA) and its sulfated metabo-
lite DHEA-S (together DHEA/S) are responsive to HPA activation (Dutheil et al.,
2021). Experimental paradigms indicate marked increases in DHEA/S following
acute stressors (Izawa et al., 2008; Prall et al., 2017). Similarly numerous studies,
primarily in the context of social or work stress, indicate that chronic stress fun-
damentally alters adrenal androgen profiles, lowering DHEA/S concentrations (e.g.
Lennartsson et al., 2013a, b). To date, these studies have only been conducted in
industrialized populations with chronic stressors such as occupational stress that
may not translate well into non-industrialized contexts. Other more ecologically
valid stressors, like resource stress (e.g. food insufficiency, money insolvency, lack
of access to medications or clean water), may better represent the types of psycho-
logical and physiological burdens experienced throughout our evolutionary past, and
may be more culturally relevant in subsistence based societies.

DHEA and DHEA-S are synthesized in the zona reticularis of the adrenal cortex
in large quantities under stimulation from adrenocorticotrophic hormone (ACTH).
Synthesis of DHEA/S peaks in early adulthood before a decline with senescence
(Davison et al., 2005; Orentreich et al., 1984). The primary function of these hor-
mones is thought to be as precursors to downstream steroids, but DHEA has its
own effects on several physiological systems independent of its role as a precur-
sor (Traish et al., 2011). These actions may be mediated through its function as an
intracrine hormone, or through direct effects of several receptors and physiological
pathways (Clark et al., 2018). As a prohormone with its own independent diverse
interactions and effects, teasing out the direct implications of DHEA variation from
confounding factors remains a challenge. However, DHEA/S responses to acute
stress are well documented, echoing cortisol spikes. ACTH from the anterior pitui-
tary, in response to CRH binding, kickstarts the enzymatic cascade to synthesize
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DHEA/S and cortisol. The majority of DHEA/S is synthesized in the adrenals, but
the brain, ovaries, and testes produce an estimated 20% of these androgens (Labrie
et al., 2011). Unlike cortisol, DHEA/S doesn’t exert negative feedback on the HPA
axis. Additionally, DHEA/S has been shown to exert anti-glucocorticoid-like effects,
meaning it’s simultaneously being stimulated by HPA activation, while blocking
some actions of HPA activity. Chronic exposure to high levels of cortisol is well
known to have significant negative health impacts (McEwen & Stellar, 1993), and
the opposing action of DHEA has been shown to ameliorate these impacts. In the
brain, DHEA/S ameliorates the impact of glucocorticoids neuron activity and func-
tion (Cardounel et al., 1999; Karishma & Herbert, 2002; Kimonides et al., 1999).
Similarly, DHEA/S plays a role in altering immune function, including pathways
that are disrupted by excessive cortisol activity (Hazeldine et al., 2010; Prall &
Muehlenbein, 2018). As a result of these activities, many have hypothesized that the
relative concentrations of DHEA to cortisol are important in determining health out-
comes, particularly under chronic stress exposure (Markopoulou et al., 2009; Phil-
lips et al., 2010).

Despite clear increases in DHEA/S in response to acute stress (Dutheil et al.,
2021), chronic stressors can result in lower levels of adrenal androgens under
some conditions. Early primate studies indicate that these changes can occur fairly
quickly, with only three days of stress resulting in significant reductions in DHEA
(Mason et al., 1968). Work stress or chronic stress as a result of being a caregiver is
associated with lower DHEA-S (Arnetz et al., 2019; Jeckel et al., 2010; Lennarts-
son et al., 2013a, b). These baseline differences in androgen profiles impact acute
stress responses, resulting in blunted DHEA-S responses to acute stressors, but not
changes in DHEA, cortisol, or ACTH (Lennartsson et al., 2022, 2013a, b). How-
ever, other chronic stressors such as being unemployed or experiencing bullying at
work are associated with higher baseline DHEA/S (Gallagher et al., 2016; Lac et al.,
2012), and DHEA-S has been negatively correlated with anxiety and depression
(Brzoza et al., 2008). Chronic stress is generally associated with reduced DHEA/S in
workplace settings, but these findings are mediated by type and duration of stressors.

Bouts of acute and chronic stress can have complex interactions with the pro-
duction of other androgens like testosterone, dependent on physical condition, com-
pensatory stimulation, type and duration of the stressor, individual traits and social
dynamics, and the production of other hormones (Chichinadze & Chichinadze,
2008; Wingfield & Sapolsky, 2003). While exercise can cause acute increases in
testosterone concentrations (Vingren et al., 2010), studies of stressors and gonadal
androgens have indicated demonstrable reductions in testosterone in men in response
to conditions including endurance exercise, stressful training programs, to massive
loss in resources (Daly et al., 2005; Kreuz, 1972; Trumble et al., 2018). Women
produce testosterone from the adrenal glands and ovaries levels 15-fold lower than
adult men (Handelsman et al., 2018), and concentrations decline with age (Davi-
son et al., 2005). Like men, women’s testosterone production is responsive to social
stimuli (Goldey & Van Anders, 2015; van Anders, 2013). Less is known about the
relationship between stress and testosterone in women. Testosterone shows acute
increases in response to a laboratory stressor in both men and women (Lennartsson
et al., 2012). Testosterone is reactive to athletic competition, but women with higher
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baseline cortisol show lower testosterone reactivity to a competitive event (Edwards
& Casto, 2015). Similarly, women who report more martial conflict have lower tes-
tosterone (Gettler et al., 2019). However, chronically stressed women have higher
overnight urinary testosterone than unstressed women in one study (Powell et al.,
2002). Conversely, exogenous testosterone can decrease HPA responsiveness (Her-
mans et al., 2007). These complex relationships between androgens and stressors
in women are relatively understudied, in part because of fundamental assumptions
about the role of testosterone and masculinity, which may discount the importance
androgens in women (van Anders, 2013).

The goal of this study is to better understand the role of social and ecological
stressors on androgen production in women. In particular, we are interested explor-
ing the relationships between self-reported chronic stress and basal levels of salivary
androgens outside of industrialized settings, including stressors that may be more
ecologically valid. We utilize a locally developed measure of chronic stress, with
questions were designed to be more culturally salient. More broadly, there is little
documentation of adrenal androgen age profiles outside of non-industrial popula-
tions, and little appreciation of cross-population variation. DHEA in particular has
long been implicated in health outcomes, healthy stress responses, and healthy
aging. Documenting inter-population age differences in DHEA and testosterone pro-
files can elucidate social and ecological drivers of androgen production and down-
stream impacts on health.

Methods
Study Community

This study was conducted as part of the Kunene Rural Health and Demography Pro-
ject, a longitudinal study of health, reproduction, and family life among Himba agro-
pastoralists in northern Namibia. Namibia has one of the highest levels of inequality
in the world, and the Kunene region (where our study is focused) is notable for hav-
ing one of the lowest human development scores and highest levels of inequality in
the country (NHDR, 2019). Himba, in particular tend to fall at the bottom of these
rankings, as this population has long experienced social and economic marginaliza-
tion, described by Bollig (1998) as “colonial encapsulation.” This included restric-
tions on livestock sales and land tenure, which have contributed to Himba continu-
ing to have limited access to the cash economy. Access to healthcare is also limited
in this area, with the closest clinic a full day’s walk for most of the people in our
study area, and only one regional hospital, which is more than 150km away.

As this study focuses on women, we will concentrate our ethnographic descrip-
tion on women and women’s gender roles and experiences. Additional details on
Himba men, families, and reproductive dynamics can be found elsewhere (Bollig,
2006; Prall & Scelza, 2020a; Scelza et al., 2019, 2021). Himba live in polygynous
households of 5-25 individuals centered around a senior head-of-household. Fami-
lies are polygynous, with each co-wife having her own hut and cooking fire, and
access to a proscribed portion of the household herd for milking. The individuals in
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our study area rely on a subsistence-based diet, with limited access to the cash econ-
omy. Their diet consists mainly of milk, meat, and maize (with occasional supple-
mentation of store-bought foods). Women are responsible for most household level
tasks outside of herding, including milking animals, cooking, growing and process-
ing garden crops in matrilineally owned gardens, collecting and carrying water, and
childcare. This region of the country is prone to frequent and prolonged drought,
which is a cause of resource stress and loss of livestock (Prall & Scelza, 2023).
Himba women have a high degree of reproductive autonomy and freedom of mobil-
ity (Scelza et al., 2019). Most Himba men and women have multiple concurrent
romantic partners, a practice which has been linked to greater access to resources for
women and a better ability to buffer against resource stress (Prall & Scelza, 2020b;
Scelza et al., 2020, 2021).

Saliva Collection

All samples were collected in July and August of 2017. Study participants (n=46
women, aged 18-66, median age of 30) collected approximately 2 mL of saliva
via passive drool into a 5 mL cryovial. To minimize the impact of diurnal varia-
tion on androgen levels, saliva samples were collected between 3PM and 6:30PM.
This timeframe corresponds with the nadir of diurnal levels of testosterone, and has
been used in similar contexts to assess relationships between androgen levels and
social dynamics (Gettler et al., 2014, 2019). Similarly, DHEA has a well-established
diurnal rhythm, with a post-awakening burst followed by a steady decline through-
out the day, flattening between 6 and 9 h after waking (Heaney et al., 2012; Huck-
lebridge et al., 2005). As Himba women typically wake around 6AM (Prall et al.,
2018), this sampling period also corresponds with a nadir in DHEA. Due to the nar-
row time window, inclusion of time of saliva collection had no impact on hormone
predictions, and so is not included in this analysis. To account for within-subject
variability, we attempted to collect up to three samples from each participant on
non-consecutive days. As some women were not available for repeated sampling,
or left the study area during sampling, number of samples varies by individual. We
collected an average of 2.65 samples per women, although two women were only
available for one sample (see Table 1). Saliva collections and other procedures took

Table 1 Participant

characteristics Variable Mean SD Min Max
Age 33.1 12.3 18 66
BMI* 25.1 3.0 17.5 30.4
N Children 4 2.8 0 10
N Saliva Samples 2.65 0.57 1 3

*All Himba women wear a number of traditional items, including
heavy anklets, leather skirts, and hair mixed with otjize (butterfat
and ochre pigment) all which cannot be removed for weighing. As a
result, we estimate that weight measurements are inflated by several
kg, which will increase BMI estimates
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place in private, typically at the participant’s household. Samples were immediately
placed on ice, and frozen within 2-3 h of collection in a portable freezer. Saliva
was not collected from participants who had recently eaten and, to avoid any con-
tamination, participants were instructed to wash out their mouths with provided bot-
tled water prior to sample collection (Gildner, 2021). Samples were shipped on ice
to the Trumble Lab at Arizona State University, where they were stored at -80°C
for 12 months prior to analysis. Salimetrics enzyme immunoassay kits were used to
assess DHEA and testosterone concentrations on the second freeze—thaw (samples
thawed once during shipping), according to manufacturer’s instructions (Salimet-
rics #1-1202 and #1-2402). Intra-assay and inter-assay coefficients of variation for
DHEA and testosterone were 5.2%, 4.2% and 4.4%, 3.6% respectively, and control
values were within the recommended range. For two participants, one sample each
had inadequate volume to assay both hormones, so only testosterone is available,
resulting in 122 samples for testosterone and 120 samples for DHEA.

Stress Survey

A focus group was held with Himba women to determine the range of stressors they
experience. Responses from this focus group were used to develop a short eight ques-
tion stress survey (see Fig. 1), which all participants completed. Three domains were
included: resource, health, and social stressors. Women were asked how frequently over
the last thirty days they worried each stressor using a Likert scale response of never/
sometimes/often. Some participants were not married and/or did not have children, so
they were not asked questions about these stressors. To maximize the sample size avail-
able, we used a subset of the questions in the full model (removing Q2 and Q7, as not
all women in our sample were currently married and/or had children), as to allow com-
parison of all women who collected saliva for hormone analysis. Survey reliability was
assessed via Cronbach’s a from the 1tm package (Rizopoulos, 2006). Summary scores
were computed from stress survey responses. Since stress responses were strongly

Q1 - Have you worried about your own health? Q8
I N
Q2 - Have you worried about the health of
your children? — 7
Q3 - Have you worried about a sick relative? Q6
1 ] | .
Q4 - Have you worried about having enough s
food to eat? I
Q5 - Have you worried about not having "
enough animals? -
Q6 - Have you worried about having enough Q3 .
water?
] Spearman's
Q7 - Have you worried about your spouse Q2 Correlation
having another partner? - .
-1.0 -05 00 05 1.0
Q8 - Have you worried about witchcraft? Q1 .
e e [
S d PP F S

Fig.1 Stress survey description. A Individual questions and the frequency of their responses (never,
sometimes, often, from left to right); B Correlation matrix of question responses
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associated with age, we calculated age-corrected residuals for standardized stress sum-
mary scores using a simple polynomial (age?). These age-corrected residuals were then
used to predict androgens. Next, to better understand how different types of stressors
impact androgens, we separated questions into the three domains: health stressors (Q1,
Q2, Q3), resource stressors (Q4, Q5, Q6), and social stressors (Q7 and QS8). We sum-
marized responses and calculated age-corrected residuals and then modeled the impact
of these stressor types individually as shown below.

Analysis

DHEA and testosterone were jointly predicted in a multivariate model, with varying
intercepts by individual (e,;) to correct for repeated measurement. As we know these
hormone levels are related, the model assumes correlated varying effects by individual
(p). We anticipated age to have a non-linear relationship with hormone concentrations,
so age was modeled using a spline via the s() function in the brms package, defined as
> WA, below. The model uses a log-normal distribution, and also includes a distribu-
tional component for both DHEA and testosterone outcomes shown below.

DHEA
Testosterone

~a+ap+ Y WA, +BMI * Py, + Stress * fg
Sprea o +Age % ﬂAge + Stress * ﬂs

57‘exmxlfrorlﬂ

Prior selection was based on expectations of standard hormone levels as provided by
assay manufacturers, as well as prior literature. To predict DHEA, we assume a nega-
tive effect of stress based on previously published work and chose a weak regularizing
prior of normal (-1,1), while the effect of energy balance (BMI) receives a prior of
normal (1,1). All other predictors received a regularized prior of normal (0,1), and vari-
ance components using exponential (1). Testing variations of priors, including default
student-t priors, had little effect on results. Where relevant we report the proportion of
the posterior distribution above or below zero (pr[b] >/<0), or 95% prediction intervals
(95% PI). All models were run in R version 4.3.0 (R Core Team, 2023), and were fit-
ted to Rstan using the brms package (Biirkner, 2017; Stan Development Team, 2019).
Models were run in three chains of 4000 iterations per chain, half warmup, and conver-
gence assessed using the Gelman-Rubin convergence diagnostic (R = 1 for all model
parameters). Additional packages used for data cleaning and visualization include
tidyverse, janitor, tidybayes, modelr, lubridate, broom, cowplot, patchwork, and ggth-
emr (Firke, 2021; Grolemund & Wickham, 2011; Kay, 2020; Pedersen, 2022; Robin-
son & Hayes, 2023; Tobin, 2020; Wickham, 2019, 2023; Wilke, 2017).

Results
A total of 127 women completed the stress survey (of which a subset also provided
hormones), and these data were used to calculate age-corrected standardized residu-

als. Of women who completed both the stress survey and hormone sampling, wor-
ries about livestock showed the most frequent number of “always” responses, while
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worries over infidelity were least likely to be reported as a frequent worry (see also
Prall & Scelza, 2023). Standardized Cronbach’s o was estimated at 0.772 (95%
CI=0.619 to 0.792, N=126) for the items used in this analysis, and 0.692 (95%
CI=0.576 to 0.768, N=102) for all items in the stress survey. Figure 1 illustrates
the frequency of each response type by question, and Spearman’s correlations for all
question responses in this study.

DHEA and testosterone samples were strongly positively correlated (Pearson’s
r=0.42). In the model, varying intercepts by individual for each hormone outcome
were also positively correlated (p = 0.82, 95% PI=0.58 to 0.98), indicating that
women who have high DHEA also tend to have high testosterone. The main statisti-
cal model includes a unique age spline for both DHEA and testosterone (Fig. 2).
As in other populations, age predictions for DHEA show an increase in concentra-
tions until around age thirty, followed by a lifelong decline. In this case, DHEA
concentrations reach their model estimated peak between 33 and 34 years, before
beginning a steady decline. This model estimates that women at 60 have 37% of
the DHEA levels they had at their peak levels of age 34. Testosterone concentra-
tions were relatively flat across the life course, with women at 18 having the highest
testosterone, and concentrations showing only a slight decline with advanced age
so that women at 60 have 75% of the testosterone concentrations of a woman of 18.
Standardized BMI predicted increased DHEA (f,,; = 0.23, 95% CI=0.03 to 0.43,
pr[b] >0=98.6%), but only weakly predicted testosterone concentrations (fg,,; =
0.10, 95% CI=-0.05 to 0.24, pr[b] >0=90.6%). Age and stress scores had minimal

Fig.2 Posterior predictions DHEA Testosterone
of the main model. Each line

represents one of one hundred 150

draws from the posterior. Top
plots show the effect of age.
Bottom plots show the effects
of stress score residuals. DHEA
predictions are on the left, and 50 w
testosterone predictions are on

the right

100

20 30 40 50 60 20 30 40 50 60
Age

300

200

Salivary Androgens (pg/mL)

100

R ———

-2 -1 0 1 2 -1 0 1
Stress score (std residuals)
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effect in predicting variance in DHEA (f,,, = 0.09, 95% CI=-0.14 to 0.36, fig =

0.11, 95% CI=-0.04 to 0.26) or testosterone (f,,, = 0.0, 95% CI=-0.27 to 0.27,
fs = -0.12, 95% CI=-0.30 to 0.07). In the main model, age-corrected stress sum-
mary scores weakly and negatively predict DHEA (f, = -0.16, 95% CI=-0.36 to
0.03, pr[b] <0=95.1%), but not testosterone (f, = -0.04, 95% CI=-0.19 to 0.10,
pr[b] <0=70%). Models comparing stress domains to hormone outcomes suggest
that resource stressors are most strongly associated with relatively lower DHEA
concentrations (pr[b] <0=92.4%), followed by health stressors (pr[b] <0=85.3%),
while social stressors alone have little impact (pr[b] <0=60.2%, see Fig. 3). As with
the summary score, stress domains had little impact on testosterone.

Discussion

Past work examining the interactions between stress and endocrine physiology
highlight the responsiveness of adrenal androgens to acute and chronic stress. In
industrialized populations, chronic stress is typically associated with a reduction in
DHEA/S (Lennartsson et al., 2022, 2013a, b). In accordance with previous stud-
ies, we find a weak negative effect of reported stressors in the past thirty days with
concentrations of salivary DHEA in this sample of women from a resource-limited
subsistence-based population. Notably, DHEA, but not physiologically related and
highly correlated testosterone, was responsive to perceived stressors. In examin-
ing the type of stressors most strongly associated with adrenal androgen reduction,
questions related to resources had the largest impact. Himba women may be particu-
larly sensitive to resource shortfalls as preparing food and monitoring stores for the
household falls on their shoulders. Additionally, resource stress is at the root of other
types of stressors, including those related to child health, pregnancy and lactation.
The Kunene region has recently experienced a decade long drought, putting further
strain on women’s access to resources and coping strategies (Bollig, 2023; Hazel
et al., 2021; Inman et al., 2020; Prall & Scelza, 2023). These ecological forces may
predispose women to be more sensitive to resource related stressors. Importantly,
by looking for relationships between endocrine physiology and different domains
of stressors we demonstrate the importance of looking for stress responses that are
ecologically relevant.

Fig.3 Effect of stressor domain

on DHEA outcomes. Each dis-

tribution represents the posterior Social —— e ——————
distribution of the standardized

residual of the stressor score

Resources =
Health ==
-0.4 -0.2 0.0 0.2 0.4
Posterior
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Our results also indicate the similarity in age-related DHEA profiles across popu-
lations. DHEA has a very specific curvilinear age pattern in adults, peaking in the
late 20s and early 30s, before a lifelong decline (Labrie et al., 1997; Nafziger et al.,
1998; Orentreich et al., 1984, Sulcova et al., 1997). Differences in the timing of mat-
urational events leading to DHEA/S synthesis have been examined across popula-
tions, implicating differences in the timing related to ecology and stress (Helfrecht
et al., 2018, 2023). However, few studies examine age profiles in non-industrialized
populations. Bolivian women showed a similar peak, with DHEA at its highest in
the third decade of life (Gonzales et al., 2002). Significant differences were found
between women at sea level and at high altitude, where high altitude women showed
a later peak in DHEA-S, faster declines with age, and lower hormone concentra-
tions overall. Campbell et al. (2007) examined DHEA/S in Turkana men from blood
samples showed a similar curvilinear shape, and found that DHEA/S didn’t peak
until the 30s and 40s, with differences between settled and nomadic men. Population
distinctions in age profiles are difficult to assess given differences in measurement
and assay types, but the curvilinear pattern seems robust, in contrast with population
differences in testosterone (Ellison, 2002). Our results largely correspond to existing
studies, with peak DHEA concentrations at 33 to 34 years of age in Himba women.

Unlike DHEA, testosterone was not associated with perceived stress, and showed
only modest declines with age. Studies in industrialized populations report strong
declines in female testosterone with age (Davison et al., 2005). Previous studies have
shown minimal and contradictory impacts of various types stressors on women’s
testosterone levels. Women'’s testosterone is equally of adrenal and ovarian origin
(Longcope, 1986), so changes in synthesis via the HPA axis only partially encom-
passes the physiological pathway that may influence concentrations. As such, wom-
en’s testosterone levels may be less responsive to HPA activity. Other studies have
found that women’s testosterone may be responsive to motherhood (Barrett et al.,
2013), but our sample consisted mostly of women with at least one child, so we are
not able to test this prediction. Future work should focus on disentangling the social
and psychological pathways that alter or disrupt women’s androgen production, and
include both testosterone and DHEA as relevant hormones implicated in women’s
health and behavior.

Our study has several notable limitations. We focus on DHEA here, as the
active form of the hormone, but other studies measure only DHEA-S, complicat-
ing the potential to compare results. Our sample size is relatively small, mak-
ing assessment of small effect sizes difficult. Given the population in question,
we were unable to account for variation in reproductive parameters such as cycle
effects. The design of this study is cross-sectional, making it impossible to exam-
ine within-person effects of chronic stressors on basal androgens. However, our
main finding, that chronic stressors can negatively impact DHEA concentration
has been found in several different populations under different contexts. The
stress survey utilized here, derived from focus groups with women, is highly cul-
turally specific. This has the benefit of actively addressing the causes of stress
that Himba women report as stressful. However, the survey we developed has
few questions about interpersonal social stressors, uncontrollable, or socially
evaluative tasks, which other research highlights as important in HPA activity
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(Dickerson & Kemeny, 2004). As such, the design of our survey is somewhat
limited for interpreting which aspects of psychological stress most alter androgen
production.

Overall results of this study highlight the association of basal adrenal androgen
production to social and ecological stress in a non-industrialized, subsistence-based
population. As with previous studies conducted in industrialized countries, reduced
DHEA is associated with chronic stress. Potential alterations in adrenal androgen
concentrations are non-trivial. DHEA/S is implicated in a number of health related
outcomes, including cardiovascular disease (Mannella et al., 2018), obesity (Aoki
& Terauchi, 2018), cancer (Labrie et al., 2003), as well as a number of behaviors
and syndromes (Peixoto et al., 2017; Urbanski, 2021; Wolkowitz et al., 1997). These
potential relationships can be convoluted, with opposing effects depending on con-
centration, individual characteristics, timeframe, and physiological system. DHEA/S
has also been implicated in healthy aging, and use of pharmaceutical DHEA has
been successfully applied to a number of conditions (Klinge et al., 2018; Labrie,
2010). DHEA/S levels have been associated with immune function, parasitism, and
response to vaccination (Prall & Muehlenbein, 2018). These numerous associations
are complex, and researchers continue to have difficulty disassociating low DHEA
and negative health outcomes from confounding physiological interactions which
may indirectly lower DHEA. Nevertheless, variation in adrenal androgen concen-
trations meaningfully associate with health outcomes, so understanding drivers of
DHEA variation remains crucial to linking health disparities with chronic stressors.
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