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Abstract

A history of child abuse (CA) is associated with morbidity and mortality in adulthood, and one
proposed mechanism is dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis.
Therefore, we evaluated whether a history of physical and sexual CA was associated with daily
rhythms of HPA hormones (cortisol and dehydroepiandrosterone (DHEA)) among postmenopausal
women (mean age: 60.6 years). In 2013, 233 participants from the Nurses’ Health Study 11
provided up to 5-timed saliva samples over the course of a day: immediately upon awakening, 45
minutes, 4 hours, and 10 hours after waking, and prior to going to sleep. Among these 233
participants, 217 provided >4 timed saliva samples. Assessment of physical and sexual CA history
occurred in 2001 using the Revised Conflict Tactics Scale. Cumulative CA history was derived by
combining reports of physical and sexual abuse prior to age 18. Piecewise linear mixed models

"Corresponding author: Olivia R. Orta.
CONFLICTS OF INTEREST
None.

DISCLOSURE SUMMARY
The authors have nothing to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ortaetal. Page 2

compared diurnal rhythms of cortisol and DHEA between participants with none-to-moderate CA
(n=104, reference group) versus high-to-severe CA (n=113). Models adjusted for characteristics at
each saliva collection, health status, sleep quality, medications, and hormone use. Compared to
those with none-to-moderate CA, women with high-to-severe CA had different diurnal rhythms in
the early and evening hours, including blunted (less steep) early declines in DHEA (% difference
(%D)=10.7, 95% CI 4.3, 17.5), and steeper evening declines in both cortisol and DHEA (cortisol
%D =-2.5, 95% Cl —4.8, 0.1, and DHEA %D= -3.9, 95% CI -6.0, —1.8). In conclusion, high-
to-severe abuse history prior to age 18 was more strongly associated with differences in DHEA
rather than cortisol, suggesting that early life abuse may be related to dysregulation of stress-
response mechanisms later in life.
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INTRODUCTION

A history of child abuse (CA) is associated with some of the leading causes of death and
disability in adulthood (1-3). Although abuses during childhood can include emotional
abuse and neglect, physical and sexual abuse prior to age 18 can be particularly severe and
are associated with a wide range of adverse mental and physical health outcomes in
adulthood (4-9), with negative long-term health outcomes more common in women as
compared to men (10-12). Abuse during childhood has been shown to result in biological
and behavioral sequelae, including changes to neuroendocrine structures and function (13).
An important mechanism linking CA to outcomes in adulthood is the dysregulation of
allostatic systems designed to adapt and respond to acute stressors, whereby repeated
adverse experiences lead to increased allostatic load (14, 15). One such system is the
hypothalamic-pituitary-adrenal (HPA) axis, a major stress-related allostatic system with two
main adrenal hormones, cortisol and its antagonist dehydroepiandrosterone (DHEA).

Pulsating cortisol rhythms are preserved with physiological ageing, although higher
nocturnal levels have been observed in older individuals (16, 17). Cortisol levels naturally
rise in the morning prior to awakening, decline throughout the day, and are at their lowest in
the evening. Awakening bursts of secretory activity enhance the immune system (18, 19),
declines throughout the day allow for synaptic turnover that facilitate learning (20, 21), and
the total area under the curve (AUC) is a summary measure that reflects the magnitude of
this response throughout the day (22). These “on and off” fluctuations are important for
coordinating daily activities and normal stress-response, and the loss of such adaptions in the
form of flattened rhythms have been observed with exposure to chronic stressors (23, 24).
DHEA diurnal rhythms are characterized by elevated post-awakening peaks followed by
decreases throughout the day, and in contrast to cortisol exhibit an age-related decline (16,
25). Further, their ratio (cortisol: DHEA) can help shed light on the “catabolic/anabolic
balance” (26, 27) and may be important in understanding stress-reactivity (28). Since both
cortisol and DHEA are secreted in response to adrenocorticotrophin (ACTH), changes in
one in relation to the other may provide a read out of adrenocortical secretory mechanisms,
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where one hormone may become up-or down-regulated in response to chronic stress over
time. Higher ratios due to higher cortisol levels have been observed with chronic stress,
including childhood maltreatment (29), and lower ratios due to higher DHEA have been
associated with greater resilience in some (30), but not all (31), studies.

Changes in cortisol and DHEA diurnal rhythms have been reported in relation to CA history
in adolescent and young adult populations (32—34). Notably, the impacts of CA on
dysregulated adrenal hormone secretion may be cumulative over time. For example, a
history of CA was more strongly associated with blunted cortisol secretion among older
(aged 36-61) compared to younger adults (aged 18-35) (35). Evidence of HPA axis
dysregulation, including a flattened diurnal rhythm, or overall higher daily levels, may
provide a window into later developing disease risk (14, 24). Flattened salivary cortisol
rhythms are associated with coronary calcification (36), and HPA axis dysregulation may be
an important pathway linking a history of CA with subclinical cardiovascular disease and
inflammation in older women (8, 37). Further, DHEA levels are also associated with
cardiovascular health in postmenopausal women (38). Demonstrating the potential for long-
term health effects, such dysregulations are also associated with incident fractures (22),
memory loss (23), cardiovascular disease (24, 25), and estrogen-receptor positive breast
cancers (26) in older women. Notably, adverse childhood experiences have been directly
associated with skeletal fractures, mental health disorders, ischemic heart disease, cancer,
and chronic lung and liver diseases (1).

Few studies have examined the potential link between CA history and HPA axis
dysregulation in older populations, particularly in older women when the adrenal gland
becomes a major androgenic source. Thus, we investigated the association between CA
history and diurnal rhythms of cortisol, DHEA, and their ratio (cortisol:DHEA) in
postmenopausal women.

METHODS

Study Population

The Nurses’ Health Study 11 (NHSII) is an ongoing longitudinal study of U.S. female
registered nurses established in 1989. At baseline, 116,429 women returned a health and
lifestyle questionnaire, and biennial questionnaires are mailed to update information on
diseases diagnoses and exposures. The Mind Body Study (MBS) is a sub-study among
NHSII participants (age range 45-69 years) that aims to characterize psychosocial stress and
its associations with biomarkers by collecting additional biospecimens to measure HPA axis
markers as well as a detailed questionnaire of validated, stress-related scales, and is
described in detail elsewhere (39). Briefly, women who previously provided a blood sample
were invited via email to participate (N=688), oversampling women who reported physical
or sexual CA history on a questionnaire mailed in 2001 (4, 5) in order to increase the
distribution of stress-related phenotypes (40). Respondents who returned the 2001
questionnaire were similar to non-respondents in age, race, BMI, hypertension, diabetes,
depression, and medication use. MBS participants signed informed consent and completed
an online psychosocial stress questionnaire and provided 5 timed saliva samples over the
course of one day in 2013 (N=233). In general, women who completed the MBS were
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similar to the overall NHS2 cohort, although were more likely to take psychotropic
medications and, by design, were more likely to experience CA (39). Study protocols for
NHSII and MBS were approved by the institutional review board of the Brigham’s and
Women’s Hospital.

Timed saliva samples

MBS participants were mailed a kit containing collection instructions, equipment, and return
packaging. Participants were instructed to collect saliva at standard collection times:
immediately upon awakening (before getting out of bed), 45 minutes after waking, 4 hours
after waking, 10 hours after waking, and just prior to bed. This technique provides
information about diurnal cortisol secretion rhythms which allows for the detailed
calculation of multiple aspects of the diurnal rhythm while capturing peak and nadir levels
(41), and is not a measure of stress reactivity (for which data are not available in the current
sample). Collection details are further described by Huang and colleagues (39). MBS
participants remained in bed prior to the first saliva collection (40), and at each collection
were instructed to fill out a log indicating the time, whether they brushed their teeth, ate,
drank, exercised, and whether they felt happy, excited, content, worried, anxious, or fearful
at that time. Samples were refrigerated upon collection. Participants were instructed to ship
samples with a cold pack to the laboratory using overnight mail on the following day, which
were aliquoted and stored in the vapor phase of liquid nitrogen freezers. Assays for cortisol
and DHEA were conducted at the Laboratory for Biological Health Psychology (Dr.
Nicholas Rohleder) at Brandeis University using a competitive chemiluminescence
immunoassay (CLIA-approved) with high sensitivity. All samples were measured in
duplicate, and samples with CVs > 10% were repeated. CVs for blinded QC pools were <
6%. Cortisol and DHEA in saliva are stable with delayed freezing of up to 4 days (42).

Child abuse

An adaptation of the Revised Conflict Tactics Scale (43) was used to ask participants about
their physical and sexual abuse experiences during childhood (up to and including age 17).
Physical abuse was assessed separately for young childhood (up to age 11) and adolescence
(ages 11-17) by asking participants to report the frequency with which they experienced
abuse by a parent, step-parent or adult guardian. Physical abuse categories of none, mild
(being pushed, grabbed, or shoved at any frequency or being kicked, bitten, or punched once
or hit with something once), moderate (being hit with something more than once or
physically attacked once), and severe (being Kicked, bitten, or punched or physically
attacked more than once or ever choked or burned) were assessed (5). Responses were then
categorized as either: no physical abuse, mild or moderate child and/or adolescent physical
abuse, severe child or adolescent physical abuse (not both), and severe child and adolescent
physical abuse. Sexual abuse was assessed separately for young childhood (up to age 11)
and as an adolescent (ages 11-17) by asking participants to report the frequency with which
a parent, step-parent or adult guardian touched them in a sexual way when they did not want
to; or forced (or attempted to force) them into any sexual activity. Responses were then
categorized as either: never, touched at least once, forced sex at least once as child or as teen
(not both), and forced sex at least once as child and teen. Participants who reported having
ever been touched or forced into sex were categorized as sexually abused. Cumulative
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physical and sexual child abuse (CA) experiences were then grouped into six mutually
exclusive categories based on severity, with higher values indicating more severe cumulative
and physical abuse. For example, (1) indicated no physical or sexual abuse, and (6) indicated
severe physical abuse and forced sex in both childhood and adolescence (Appendix).
Cumulative physical and sexual abuse categories of none-to-moderate (1-2) and high-to-
severe (3—6) were used in analyses to increase power. Cumulative physical and sexual abuse
categories of none-to-moderate (1-2), high (3—-4), severe (5-6) were also explored. Reports
of severe physical abuse and forced sex were restricted to those with high-to-severe CA
(APPENDIX Table 1). Participants with both physical and sexual CA were more likely to
have been diagnosed with clinical depression and be on anti-depressants.

The baseline NHSII questionnaire asked about birth date and height. Information on
multiple adult factors that may act as precision variables (i.e., explain variance in the
outcome, but are not associated with CA) or potential mediators were collected at the time of
sample collection or on biennial questions near the time of collection. Biennial
questionnaires provided information on: weight, lifetime duration of night shiftwork,
smoking, hypertension, type Il diabetes, sleep apnea, menopausal status, surgical ovary
removal, and history of physician-diagnosed depression, as well as alcohol and caffeine
consumption, which were collected using a validated semi-quantitative food frequency
questionnaire (44, 45). In 2008, a modified version of the brief trauma questionnaire (BTQ)
was used to ascertain women’s experiences of 16 traumatic events, including abuse prior to
age 18, and derived from the Brief Trauma Interview (46). Participants were then asked to
recall their worst trauma and age of first occurrence. PTSD symptoms were evaluated as a
potential precision variable using the 7-item Brief Screening Scale for DSM-IV PTSD based
on the worst trauma, irrespective of whether the worst trauma was abuse during childhood.
A cutoff of 4 or more symptoms was then used as the basis of categorization for suggestive
PTSD symptoms, which maximized sensitivity and specificity (0.85 and 0.84, respectively)
when compared to the Clinician-Administered PTSD Scale (47).

Within 1-month of the saliva collection participants provided information on medication use
and psychosocial factors, and designed to overlap the time period of the saliva collection.
We considered medications that may be related to cortisol or DHEA levels in saliva (oral
steroids, DHEA medication, testosterone use, hormone therapy) or with CA
(antidepressants, beta-blockers, minor tranquilizers). Sleep patterns, which have been related
to the salivary stress hormones in the past month (48), were assessed using the Pittsburgh
Sleep Quality Index (PSQI) (49). Insomnia with short sleep duration was defined as trouble
falling asleep, trouble maintaining sleep, or early awakening, with <6 hours of sleep (50).
Global PSQI scores greater than 5 have >0.8 sensitivity and specificity to distinguish
clinically relevant sleep disturbances. Psychometric properties for psychosocial MBS
questionnaires are described in detail elsewhere (39). Symptoms of anxiety in the past two
weeks were assessed using the 7-item Generalized Anxiety Disorder (GAD-7) Scale
(Cronbach’s alpha=0.89 in MBS (40)), and a score >5 was used as the basis for probable
anxiety
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Statistical analyses

Analyses excluded participants with missing information on CA history (N=8), missing two
or more timed saliva collections (N=6), missing information on menopausal status (N=1), or
extreme outliers at three or more timed saliva collections (>3 standard deviations (SD) from
the mean; N=1). Our final sample size consisted of 217 participants, 214 provided all five
timed saliva samples (40). Collection times were referenced to time at awakening. Cortisol,
DHEA, and their ratio (cortisol to DHEA) were log-transformed due to right skewness (51,
52). The latter was log-transformed after calculating the ratio of cortisol to DHEA. Log-
transformations resulted in approximately normal distributions. In visual depictions of
diurnal rhythms of cortisol, DHEA and their ratio, the collection times of 45 minutes after
awakening, 4 hours after awakening, and 16 hours after awakening were each used as points
of inflection for the diurnal rhythm, similar to prior studies (48, 53, 54).

To evaluate differences in the diurnal components comparing participants with high-severe
versus none-moderate CA (reference group), we fit linear mixed models with piecewise
linear spline functions at each of the designated inflection points and cross-product
interaction terms between the indicator variable for CA with each of the three spline
functions. Components of diurnal rhythms were evaluated separately for cortisol, DHEA and
their ratio, and included: 1) waking level, 2) awakening response (the change from waking
level to 45 minutes after awakening), 3) early decline (the change from 45 minutes after
awakening to 4 hours after awakening), 4) late decline (the change from 4 hours after
awakening to 16 hours after awakening), 5) late night rise (change from 16 hours after
awakening to bedtime), 6) the area under the curve (AUC) from awakening to 16 hours after
awakening, and 7) the overall slope (the change from awakening to bedtime). Models were
fit separately for log-transformed cortisol, log-transformed DHEA, and log-transformed
ratio of cortisol:DHEA. Based on estimates from the mixed model, percent differences were
calculated by exponentiating the corresponding coefficient or the linear combination of
coefficients and subtracting one. To assess relationships with CA severity more finely, we
repeated models with the following categories: none-moderate (reference, score 1-2), high
(score 3-4), and severe (score 5-6). In secondary analyses, we evaluated the joint
associations of CA and PTSD symptoms, respectively, using the following categories: 1)
none-moderate and <4 PTSD symptoms (n=97), 2) none-moderate and =4 PTSD symptoms
(n=16), 3) high-severe and <4 PTSD symptoms (n=70), and 4) high-severe and >4 PTSD
symptoms (n=34).

Multivariable models adjusted for factors that could influence diurnal rhythms, including
categorical time-varying saliva collection characteristics (brushed teeth, ate, drank,
exercised, felt happy, excited, content, and felt worried, anxious, or fearful), age
(continuous), PTSD (=4 symptoms, yes/no), body mass index (continuous), night shiftwork
(continuous), hypertension (yes/no), type Il diabetes (yes/no), caffeine intake (continuous),
alcohol consumption (continuous), current smoking status (yes/no), sleep apnea (yes/no),
poor sleep (yes/no), history of physician-diagnosed depression (yes/no), probable anxiety
(GAD>5, yes/no), medication use (antidepressants, beta-blockers, minor tranquilizers, oral
steroids, and hormone use, yes/no for all), and surgical ovary removal (yes/no). We
considered four models with different levels of statistical adjustment (see footnote Table 2).

Psychoneuroendocrinology. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ortaetal.

Page 7

Since delayed sleep times result in a more marked cortisol rise (55), we conducted
sensitivity analyses excluding participants who went to sleep one half hour later than usual
(6.2% of participants with none-moderate CA and 11.5% of participants with high-severe
CA). We also conducted sensitivity analyses excluding participants taking DHEA
medications (4.4% of participants with none-moderate CA and 1.0% of participants with
high-severe CA). All analyses were conducted in SAS 9.4 (Cary, NC).

RESULTS

Participants were predominately Non-Hispanic White (>95%) and the mean age was 60.6
(SD=4.0; Table 1). Nearly half of all study participants had a history of high-severe
cumulative physical and sexual CA (N=104, 47.9%). Compared to women with a history of
none-moderate CA, those with a history of high-severe CA were more likely to have a
history of chronic diseases (hypertension, diabetes, depression), use antidepressants and
minor tranquilizers, and have increased levels of psychosocial distress (anxiety, PTSD
symptomology, insomnia symptoms). Individuals with high-severe CA were also more likely
to report abuse during childhood as their worst lifetime trauma (40.3% vs. 7.6%) and
younger age at worst trauma (irrespective of whether that trauma was abuse during
childhood) (ages 25.5 vs. 30.2). CA group differences were statistically significant at the
alpha 0.05 level for PTSD symptomology, child abuse as worst trauma, age at worst trauma,
and minor tranquilizer use. Participants with a history of severe CA (N=26) had the worst
health and sleep (Supplemental Table 1).

Participants with a history of high-severe CA had higher DHEA levels throughout the course
of the day and lower cortisol to DHEA ratios, while cortisol levels appeared similar for most
measures (Figure 1). In fully adjusted analyses, participants with a history of high-severe
versus none-moderate CA had blunted (less steep) early declines in DHEA (%D= 10.7, 95%
Cl 4.3, 17.5), steeper evening declines in DHEA (%D= -3.9, 95% CI -6.0, -1.8), and
steeper evening declines in cortisol (% difference (%D)= -2.5, 95% CI -4.8, —0.1) (Table
2). Although not statistically significant in the fully adjusted model, there was a suggestion
of a 32.7% higher night rise in DHEA (95%Cl: 0.3, 76.6) and 22.1% higher night rise in
cortisol (95%Cl: -10.5, 66.5) among those with high-severe CA history versus non-
moderate. No statistically significant differences were observed for the cortisol:DHEA ratio.
The results were similar, when separating high and severe CA history in comparison to
none-moderate (Figure 1). In secondary analyses of the association between comorbid CA/
PTSD and diurnal rhythms, blunted early declines in DHEA were observed among
participants with a history of high-severe versus non-moderate CA, irrespective of PTSD
symptomology (Figure 2). In sensitivity analyses excluding participants who stayed up more
than 0.5 hour later than usual on the night of saliva collection, results were similar, except
we observed a significantly higher night rise in DHEA for those with high-severe CA history
(%D= 46.5, 95% CI 0.9, 112.6) compared to none-moderate CA (Supplemental Table 2).
Findings did not differ when DHEA medication users were excluded (data not shown).
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DISCUSSION

In this sample of postmenopausal women, we observed that a history of high-severe
cumulative physical and sexual CA was associated with steeper evening declines in cortisol
and DHEA, and blunted early declines in DHEA compared to those with none-moderate
CA. Interestingly, there was also a much higher increase in the night rise for cortisol and
DHEA levels among women with high-severe CA. Results for CA history were similar
among those with and without PTSD symptomology, although sample sizes within each
group were limited. In addition, no clear differences in cortisol:DHEA ratios were observed,
although visual depictions of the diurnal rhythm suggested lower cortisol:DHEA ratios over
the course of the day among individuals with a history of high-severe CA.

Although few studies have directly evaluated the relationship between CA history and
DHEA, dysregulated DHEA has been associated with a history of abuse during childhood.
For example, among a clinical sample of 33 PTSD patients in their mid-30’s (26 women and
7 men), sexual and/or physical abuse prior to the age of 12 was associated with higher mean
DHEA levels collected intravenously over the course of two hours at 15-minute intervals
(56). Further, elevated hair levels of DHEA, but not cortisol, were observed among new
mothers with a history of child maltreatment (mean age 32.5) (57). Overall, these results are
similar to what we observed among older postmenopausal women, with blunted declines
(flattened diurnal rhythm) in DHEA and increased night rises, suggesting that a history of
child adversity may be associated with higher overall androgenic exposure over the
lifecourse. While this adaptation may offset the effect of cortisol, high androgen levels have
been associated with increased risk of a number of chronic diseases in women (58-62).
Further work is necessary to understand the impact of alterations of DHEA diurnal rhythms
linking CA history and subsequent health and disease risk, particularly in postmenopausal
women who experience reduced DHEA secretion with aging.

We observed steeper late declines with cortisol, which is not consistent with a study among
postmenopausal women with no hormone use, showing no association of sexual abuse
history in childhood or adulthood with cortisol secretion patterns (63). Furthermore,
flattened daytime rhythms of cortisol have been documented among adults exposed to
chronic and prolonged stress in childhood (33, 64). Despite our findings of steeper rather
than blunted cortisol declines, differences comparing CA categories were small (Figure 1,
%D=2.5), and no differences were observed for AUC, an estimation for total diurnal cortisol
output. Consistent with prior work finding elevated nocturnal adrenal levels with
physiological ageing in men and women (16, 17, 65), we observed suggestively higher
nocturnal cortisol levels of cortisol. Higher nocturnal cortisol and DHEA secreted in
response to adrenocorticotrophin (ACTH) may be indicative of upstream dysregulations
during expected nadirs for those exposed to chronic stress in early life. In older women, it
appears that diurnal cortisol rhythms may not be substantially influenced by history of
childhood CA, although increasing evidence suggests that childhood CA alters cortisol
levels in response to acute stressors, such as the Trier social stress test (66—69).

Prior studies have suggested that comorbid distress, such as PTSD, may exacerbate the
impact of history of CA on later cortisol and DHEA levels (34, 56). A recent meta-analysis

Psychoneuroendocrinology. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ortaetal.

Page 9

details the literature describing DHEA and PTSD (70), with at least two studies investigating
childhood physical and sexual abuse as the main trauma type (34, 71), and all participants
were women. For example, when comparing women (mean age of 31-34) with a history of
sexual CA and PTSD versus neither, the 24-hour AUC was lower for cortisol and higher for
DHEA, although not statistically significant (34). Contrasting results were observed among
female adolescents with PTSD due to a single sexual trauma, who had lower plasma
DHEAS levels than healthy girls exposed to neither (72). In our study we generally observed
similar results for women who experienced high-severe CA regardless of PTSD status. No
differences in cerebrospinal fluid DHEA levels were observed comparing premenopausal
women with PTSD related to a history of childhood physical abuse versus non-trauma-
exposed controls (71). Several factors may play into the different results across the studies,
the most notable of which is limited power to assess CA history and PTSD simultaneously
due to small subgroup sample sizes. Other possible explanations include differences in the
hormones measured (e.g., DHEAS has a longer half-life than DHEA resulting in less diurnal
variation) and different hormonal milieu of adolescent, premenopausal and postmenopausal
women. Larger studies are needed that simultaneously collect cortisol and DHEA while
assessing PTSD symptomology and other comorbid forms of distress along with history of
CA among a larger number of participants, including men.

Observations of suggestively lower salivary cortisol:DHEA ratios due to higher DHEA
levels in relation to CA, may indicate an up-regulation of DHEA relative to cortisol in our
sample of postmenopausal women. Recently, Kimonis and colleagues reported higher
salivary cortisol:DHEA ratios, due to elevated cortisol levels, was associated with childhood
maltreatment (including neglect and physical, sexual, and emotional abuse) among
incarcerated male juvenile offenders (29). Differences across studies are possibly due to
differences in study design, particularly participant ages, abuse categorizations, and saliva
collection procedures. In a recent review of the literature reporting on cortisol:DHEA ratios
and psychopathology (73), age is highlighted as an important factor when evaluating this
ratio in light of age-related changes in DHEA. Long-term modifications to adrenocortical
mechanisms in response to chronic stress, such as abuse during childhood, may differ over
time and with proximity to the events in question. Further, differences in mediating coping
mechanisms and resources (economic, social support, etc.) across the life course may
influence observed associations between child abuse history and cortisol:DHEA ratios.
Given our select sample of postmenopausal women, the observed upregulation of DHEA in
relation to cortisol may be partly a function of these women being highly resilient high-
functioning survivors of moderate-severe child abuse.

Our study has some limitations. First, we did not account for multiple testing when we
examined the association between CA history and the individual diurnal components.
Nevertheless, the consistency of associations with respect to DHEA reduces the possibility
of false positive findings. Second, we collected saliva samples over the course of only one
day, which may lead to misclassification as cortisol has day-to-day variation. We addressed
this, in part, by evaluating the association between CA history and the overall slope from
awakening to bedtime, which has less day-to-day variation (74). Third, evaluation of diurnal
rhythms across categories of comorbid CA and PTSD were limited by sample size. Fourth,
abuse from non-parents and guardians may have been missed. We also did not assess other
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forms of child abuse (e.g. emotional abuse and neglect) and we did not have information on
duration of abuse (months vs. years) or therapy-seeking. Abuse recollection also occurred
many years after childhood. Given the MBS study design of oversampling women with CA
(39), few women had no physical or sexual CA, limiting power to use this as a reference
group. While this could lead to some exposure misclassification, and thus attenuate our
results, studies have largely observed health-related associations with severe or repeated
forms of physical and sexual CA (4-9), justifying our decision to focus our evaluation on
high to severe CA categories. Lastly, our findings may not be generalizable to populations
where prevalence of CA and access to certain resources (e.g. antidepressants, social support)
differ. For example, if nurses in our study with a history of severe child abuse were more
likely to be high-functioning compared to severe child abuse survivors in the general
population, differences in cortisol may have been harder to detect. Residual confounding by
socioeconomic status may also have impacted results.

Observed differences in DHEA rather than cortisol may in part be due to vast physiological
changes in androgen production in postmenopausal women, including DHEA and its sulfate
(DHEAS) (75-77). Age-related declines in DHEA are commonly reported in men and
women (16), and such changes are positively correlated with changes in other circulating
hormones (76), which we did not adjust for in analyses. Recent studies also show that such
declines across the menopausal transition, and after, are not consistent across racial-ethnic
groups (75, 78, 79). Our study population is predominately Non-Hispanic White (>95%).
Further, day-to-day levels of salivary DHEA are more robust compared to cortisol (25), and
may also partly explain why observed associations with CA history were stronger with
DHEA. Thus, observed associations with cortisol: DHEA ratios may have also been
impacted. Differences in salivary flow rates of cortisol and DHEA have also been reported
(80), and were not taken into account in these analyses.

Notable strengths of our study include the use of five timed saliva samples to characterize
the diurnal rhythms of cortisol and DHEA simultaneously, allowing us to examine individual
aspects that comprise the diurnal rhythm in addition to AUC and overall slope. Further, our
sample was embedded in a well-phenotyped prospective cohort with highly reliable self-
reports of health and lifestyle, and our statistical modeling accounted for a number of
potential confounding and intermediate factors.

CONCLUSION

Abuse history during childhood was associated with differences in DHEA diurnal rhythms,
potentially leading to higher androgenic exposures; however, no clear differences were
observed with cortisol rhythms. Increasing data support the notion that childhood adversity
can lead to alterations in HPA axis activity that last throughout the life course, even into
postmenopause, and may be a mechanism by which CA influences chronic disease
development later in life. To better understand the underlying mechanisms and health
consequences of abuse during childhood, further studies are needed in larger diverse sample
sizes of men and women that collect neuroendocrine biomarkers (resting and reactive) and
assess psychological distress, coping, and functionality, among others. Ultimately, such
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findings will help identify buffers and resilience factors, improve the health of survivors of
abuse during childhood, and help advocate for its prevention.
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HIGHLIGHTS

. Diurnal profiles differed in postmenopausal women with a history of severe
early abuse

. Specifically, diurnal DHEA rhythm differed with effects most evident in the

evening.

. Early abuse was more consistently associated with altered DHEA than
cortisol.

. Child abuse may impact later health via dysregulation of the HPA axis
hormones.
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Figure 1:
Diurnal rhythms by cumulative physical and sexual child abuse (CA) history. Dots represent

predicted values from mixed models at the actual time of the saliva collection. Legends are
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Diurnal rhythms of cumulative physical and sexual child abuse (CA) history and PTSD
symptoms. Dots represent predicted values from mixed models at the actual time of the
saliva collection. Legend: (1) blue represents none-moderate CA and <4 PTSD symptoms
(n=97), (2) red represents non-moderate CA and =4 PTSD symptoms (n=16), (3) green
represents high-severe CA and <4 PTSD symptoms (n=70), and (4) brown represents high-

severe CA and = 4 PTSD (n=34).
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Characteristics of Mind Body Study participants in 2013 by cumulative physical and sexual child abuse (CA)

history.

Characteristics

Cumulative physical and sexual CA history

All None-Moderate High-Severe
N (%) 217 (100.0) 113 (52.1) 104 (47.9)
Mean age in years (SD) 60.6 (4.0) 61.0 (3.9) 60.1 (4.4)
Mean body mass index (kg/m2) 26.6 (6.1) 26.1(6.1) 27.1(6.0)
History of type 2 diabetes % 4.6 2.7 6.7
History of hypertension % 34.6 27.4 42.3
Surgical ovary removal % 28.8 24.1 34.0
Current smokers % 3.2 1.8 4.8
Alcohol drinking, gram/day (SD) 7.6 (11.1) 7.4(9.7) 7.9 (12.4)
Caffeine intake (mg/day) 178 (145) 163 (130) 195 (158)
Total caloric intake (kcal/day) 1773 (554) 1813 (569) 1729 (535)
Recent shiftwork in the past 4 years 6.9 53 8.9
History of shiftwork %
None 23.0 29.2 16.4
<5 years 52.5 49.6 55.8
>5 years 24.4 21.2 27.9
Mental health and trauma
History of physician-diagnosed depression % 323 239 414
Probable anxiety (GAD score =5) 19.9 14.4 26.0
PTSD symptoms 24 % 23.0 14.2 32.7
Mean age of worst traumatic event (SD)* 29.6 (13.7) 30.2 (13.0) 25.5(16.4)
Child abuse worst trauma % 18.4 3.5 34.6
Sleep
Awake =18 hours % 4.6 4.4 4.8
Bedtime 0.5hr later than usual % 8.8 6.2 115
History of sleep apnea % 6.1 45 7.8
History of insomnia % 19.8 14.2 26.0
Poor sleep (PSQI score >5) % 61.7 51.8 727
Medication use
History of antidepressant use % 24.9 17.7 32.7
History of minor tranquilizer use % 8.3 35 135
Beta-blocker use % 138 9.7 18.3
DHEA medication use % 2.8 4.4 1.0
Oral steroid use % 4.2 44 3.9
Testosterone therapy use % 0.9 1.8 0.0

Abbreviations: GAD-7= Generalized Anxiety Disorder 7-item scale; PSQI= Pittsburgh sleep quality index, PTSD= post-traumatic stress disorder
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