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Women with PTSD have lower basal salivary cortisol levels later in the day than do
men with PTSD: A preliminary study
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Acute stress responses of women are typically more reactive than that of men. Women, compared to men,
may be more vulnerable to posttraumatic stress disorder (PTSD). Whether there are differences between
women and men with PTSD in levels of the stress hormone, cortisol, was investigated in a pilot study.
Methods: women (n=6) and men (n=3) motor vehicle accident (MVA) survivors, with PTSD, had saliva
collected at 1400 h, 1800 h, and 2200 h. Cortisol levels in saliva were measured by radioimmunoassay. An
interaction between gender and time of sample collection was observed due to women's cortisol levels being
lower and decreasing over time, whereas men's levels were higher and increased across time of day of
collection. Results of this pilot study suggest a difference in the pattern of disruption of glucocorticoid
secretion among women and men with PTSD. Women had greater suppression of their basal cortisol levels
than did men; however, the diurnal pattern for cortisol levels to decline throughout the day was observed
among the women but not the men.

© 2009 Elsevier Inc. All rights reserved.
1. Introduction

Posttraumatic stress disorder (PTSD) is an anxiety disorder involving
both somatic and psychological symptoms that occur in response to
severe trauma. Althoughmanydifferent events contribute to theetiology
of PTSD, motor vehicle accidents (MVAs) are a leading cause of PTSD
in the general population [1]. The prevalence of PTSD resulting from a
seriousMVA is between 6 and 12%. However, smaller studies examining
MVA survivorswhohave soughtmedical attention have prevalence rates
of PTSD up to 100% [2] making PTSD a mental health problem of con-
siderable magnitude, which needs to be better understood.

Acute stress is an adaptive physiological process. Normally, the
autonomic nervous system is aroused, characterized by release of
corticotrophin-releasing factor, adrenocorticotropic hormone (ACTH),
and glucocorticoids, such as cortisol, which can support emergent,
adaptive responses and promote the termination of Hypothalamus–
Pituitary–Adrenal Axis (HPA) reactivity through a negative feedback
loop, maintaining homeostasis [3,4]. Although acute stress responses
are beneficial in the short term, chronic stress can lead to suppression
of HPA feedback and can contribute to numerous health problems.
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PTSD is characterized by aberrant HPA responding. Many studies have
shown that people who have suffered from PTSD for 20 or more years
have lower basal cortisol than do people without PTSD [5–10], although
other studies found no difference [11–14]. Even among peoplewho have
recently hadanMVA, levels of urinary or serumcortisol are lower among
those reporting greater emotional numbing and intrusive thoughts of
the MVA [15–17]. Altered HPA axis activity associated with extreme
stress may contribute to the development of PTSD [18,19].

Gender differences in normal HPA reactivity may underlie women's
increased vulnerability to PTSD. More women than men are diagnosed
with PTSD [20–23]. Additionally, an examination of gender's effects on
development of PTSD and HPA activity following an MVA revealed that
more women (7 of 9) were diagnosed with PTSD [16]. In a separate
investigation of those who were PTSD symptomatic 1 month after an
MVA, men but not women, had significant increases in urinary cortisol
levels compared to controls [15]. A large study of all male combat
veterans found no differences in 24 hour urinary cortisol levels in
comparison to controls [11]. These findings suggest that women with
PTSD among women may be characterized by greater suppression of
HPA reactivity compared to men with PTSD.

To date, the majority of research that has focused on both PTSD
symptomology and HPA reactivity has utilized samples of individuals
having undergone extreme stress, such as combat veterans who were
mostly men. Our preliminary study examined gender differences in
cortisol levels of MVA survivors with PTSD. It was hypothesized that
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Fig.1. Themean (±S.E.M.) basal cortisol levels collected at 1400 h,1800 h and 2200 h of
men (filled squares) and women (open circles) with posttraumatic stress disorder.
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women with PTSD would have lower basal cortisol levels than men
with PTSD.

2. Methods

These methods were pre-approved by the Institutional Review
Board at The University at Albany-SUNY.

2.1. Subjects

Data for 9 MVA survivors who received medical attention within
48 h of their accident was analyzed. All participants met diagnostic
criteria for full PTSD at an assessment that took place 6 to 24 months
post-MVA. Of the 9 participants, there were 3 men and 6 women, all
of whomwere Caucasian-American. The mean age of the sample was
34.5 years (SD=6.4) ranging from 28 to 44 years. The mean age of the
menwas 35.0 years (SD=4.7), while the mean age of the womenwas
34.3 years (SD=3.6).

2.2. Measures

The Clinician Administered Post-Traumatic Stress Disorder Scale
(CAPS), which is a valid and reliable measure for assessing PTSD, was
used to diagnose PTSD [24–26]. The average CAPS score for men was
60.6 (SD=7.8) while the average CAPS score for women was 60.3
(SD=12.0).

2.3. Sample collection

Participants were recruited through referrals made by medical
professionals, local media coverage, and advertising. Participants
were invited to The Center for Stress and Anxiety Disorders at The
University at Albany-SUNY for an assessment of PTSD. During the visit,
the CAPS was administered. On a separate day within a week of the
assessment, saliva sampleswere collected at 1400 h,1800 h, and 2200 h
using Salivette collection devices. The average length of time between
MVA and data collection was 11.1 months (women=10.6 months,
men=12.0 months).

2.4. Cortisol measurement

Samples were transported to the laboratory of Dr. Bremner at Yale
University and stored at −70 °C until radioimmunoassay. For mea-
surement, saliva was extracted from salivette tubes by centrifugation
at −4 °C. Saliva (200 µl) was assayed in duplicate for cortisol using
a commercially available kit from Diagnostic Products Incorporated
(Los Angeles, CA), which uses 125I as a tracer. Standards ranged in
concentration from 67 pg/ml to 3 ng/ml. Coefficients of inter- and
intra-assay variance were 0.10 and 0.08, respectively [27].

2.5. Statistical analysis

There were 2 participants (1 man, 1 woman) that had a single
inadequate ormissing data point. These 2 data points were imputed to
enable more complete analysis with a repeated measures analysis of
variance (ANOVA). To examine the effects on basal salivary cortisol
levels, the timeof saliva collectionwas utilized as thewithin-factor and
gender was the between-factor.

3. Results

There was a tendency for a main effect of gender on basal salivary
cortisol levels, F (1,7)=4.847, pb0.06), with men having higher basal
salivary cortisol levels thanwomen. Therewas a significant interaction
between gender and time of sample collection, F (2,14)=4.782,
pb0.02). As Fig. 1 illustrates, the interaction was due to cortisol levels
for women being lower and decreasing over time, whereas, the cortisol
levels of men were higher and did not decrease over time.

4. Discussion

The results supported the hypothesis that women with PTSD
would have lower basal cortisol levels than men with PTSD. Although
women had lower basal cortisol levels than did men, suggesting sup-
pression of their glucocorticoid secretion, the normal diurnal pattern
for cortisol was preserved amongwomen but not men. Because cortisol
levels follow a circadian pattern where they are higher in the morning
and decline throughout the day, we collected samples at different times
of the day. It is notable that for each of the 6 women in our study,
but none of the men, cortisol levels were lower at later time points
compared to that of the earlier, initial sampling. These data support
the notion that there may be differences in the manner in which
glucocorticoid secretion is disrupted among men and women with
PTSD. Women with PTSD had lower basal cortisol levels than did their
male counterparts, whereas, men with PTSD had greater cortisol con-
centrations than are typical and demonstrated an aberrant circadian
pattern of secretion.

Although these findings are intriguing, they are limited. First, the
small sample limited the power of the statistical analyses. As well,
menstrual cycle variations were not controlled for and so, endogenous
sex hormone variations could not be taken into account. Despite these
limitations, statistically-significant differences by gender were observed.
This may be attributed to the consistently very low, basal cortisol levels
among the women in our study. However, future investigations will aim
to recruit a larger sample so that influences of menstrual cyclicity, which
have been demonstrated to influence HPA function [28], can be assessed.
Second, there was no non-PTSD control group, which made it difficult
to ascertain the extent to which the findings were unique to PTSD.
However, we have been able to consider these findings with respect
to unpublished data from our laboratory wherein college-aged men
(n=13) and women (n=11) had salivary cortisol levels determined
between the hours of 1200 and 1500 and. These men and women had
salivary cortisol (mean±SEM) concentrations that were 0.41±0.12
(SD=0.30, range 0.09−0.87) and 0.37±0.08 (SD=0.42, range 0.01–
0.49), respectively. In lieu of these data, men with MVA-PTSD appear
to be closer to what may be a more normative range for cortisol
concentration at this period in the day, albeit the loss of circadian
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rhythm remains aberrant. Women with MVA-PTSD appear to be well
below what may be typical for salivary cortisol at this period of the
day. Irrespective of these comparisons, our unpublished data highlight
the fact that the gender differences between men and women with
MVA-PTSD are greater than that which is expected and has been
demonstrated in the past by this group and others [29–31]. Third, it is
also noted that a larger sample size would allow these investigations to
take into account the extent towhich individual differences in circadian
rhythm account for observed effects among MVA-PTSD victims.

Despite the limitations of this study, the present results confirm
past findings in several ways. First, as in previous experiments [6,7,10],
basal cortisol levels among people with chronic PTSD were very low.
Second, men with PTSD had higher levels of cortisol than did their
female counterparts, which is congruous with previous findings that
1 month after an MVA, men with PTSD had higher urinary cortisol
levels than did women with PTSD [15]. In Hawk's study, men, but not
women with PTSD, had significantly elevated urinary cortisol levels
compared to non-PTSD controls. These findings, while preliminary,
are consistent with men with PTSD having less suppression of their
basal glucocorticoid secretion than do women.

It is particularly important to understand gender differences in
glucocorticoid secretion in neuropsychiatric disorders. Women are
more prone to neuropsychiatric disorders that are influenced by stress
and dysregulation of the HPA axis, such as anxiety, depression, and
PTSD [21,22–35]. Given that HPA hyperactivity has been proposed to
precede HPA hypo-responsiveness [36], the present study may suggest
that there is a gender difference in the time-course of HPA attenuation.
Among non-afflicted women, endogenous hormone concentrations
can alter HPA activity [28] which may underlie some of the observed
gender differences in HPA responsiveness. Yet, it is not known whether
this is associated with differences in severity of PTSD symptoms. It
has been proposed that irregularities in glucocorticoid secretion among
people with PTSD may be related to hyperadrenergic states and/or
catecholaminergic dysfunction [6,37]. It is well known in non-PTSD
populations, that women are more stress responsive than men [38–40]
and that circulating gonadal hormones influence stress responsiveness
[41–43]. Further investigation of gender and/or hormonal factors may
reveal the basis for the increased incidence of PTSD among women.
Future investigations will aim to assess these differences in larger
samples throughout the day in a controlled manner.
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