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Abstract
Posttraumatic Stress Disorder (PTSD) and Major Depressive Disorder (MDD) are two highly
comorbid and debilitating disorders experienced by more than half of intimate partner violence
victims (IPV; Johnson, Delahanty, & Pinna, 2008). Hypothalamic Pituitary Adrenal (HPA)
abnormalities are common in both disorders, though the direction of abnormalities often differs.
The present study examined the relationship between comorbid PTSD and MDD, and the
(salivary) cortisol waking response in 104 recently abused IPV victims. Waking cortisol levels,
Area Under the Waking Curve with respect to ground (AUCg), and AUC with respect to increase
(AUCi) were examined to determine the relation of HPA dynamics to comorbidity for basal versus
more dynamic measures. Prior to accounting for comorbidity, women with PTSD or MDD showed
significantly greater AUCi than women without the respective disorder. Accounting for
comorbidity, PTSD only did not differ from other groups, while MDD only and PTSD+MDD
showed greater AUCi than women with neither disorder. Results were nonsignificant for waking
cortisol levels or AUCg. Results suggest that MDD drives elevated waking cortisol response, but
not basal cortisol activity in recently abused IPV victims. Results demonstrate the importance of
examining comorbid diagnoses and HPA activity from a dynamic perspective. Therapeutic
implications are discussed.
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Introduction
Intimate partner violence (IPV) is a traumatic stressor that often occurs over extended
periods of time (DeBellis et al., 1999; Humphreys, Cooper, & Miaskowki, 2010; Johnson,
Delahanty, & Pinna, 2008) and places victims at high risk for posttraumatic stress disorder
(PTSD) and major depressive disorder (MDD; Humphreys et al., 2010; Sabri et al., 2013).
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Rates of PTSD in victims of IPV have been estimated to be as high as 75% (Griffin, Resick,
& Yehuda, 2005; Johnson et al., 2008) and approximately half of IPV victims with PTSD
suffer from comorbid MDD (Griffin et al., 2005; Nixon, Resick, & Nishith, 2004). Such
comorbidity is associated with increased symptom severity and associated functional
impairment (Ginzburg, 2006; Green et al., 2006). While biological studies have revealed
hypothalamic-pituitary-adrenal (HPA) axis alterations associated with both PTSD (Lauc,
Zvonar, Vusic-Mihaljevic, & Flogel, 2004; Neylan et al., 2005; Rohleder, Joksimovic, Wolf,
& Kirschbaum, 2004; Wessa et al., 2006) and MDD (Bhagwagar, Hafizi, & Cowen, 2005;
Johnson et al., 2008; Pruessner et al., 2003; Ulrike, Reinhold, & Dirk, 2013; see also Huber
et al., 2006; Stetler & Miller, 2005), the direction of alterations often differs. Research
examining comorbid PTSD and MDD in a range of populations has suggested that such
comorbidity may alter the profile of HPA dynamics (de Kloet et al., 2008; Halbreich et al.,
1988; Griffin et al., 2005; Oquendo et al., 2003; Yehuda et al., 2004; Young & Breslau,
2004). A clearer understanding of the biological basis of these two highly comorbid and
highly debilitating disorders may enhance outcomes of intervention efforts targeting PTSD
and depression in IPV victims. The present study examined the relation of HPA activity to
PTSD, MDD, and their comorbidity in a sample of IPV victims.

HPA Dynamics
The HPA axis represents one of the primary biological stress systems, activation of which is
believed to be necessary for successful adaptation in response to stress (e.g. McEwen, 2000;
Rasmusson et al., 2004). HPA axis activity begins with secretion of corticotropin releasing
hormone (CRH) from the hypothalamus. CRH stimulates the release of adrenocorticotropic
hormone (ACTH) from the pituitary, which elicits cortisol excretion from the adrenal gland.
HPA axis dynamics are characterized by both a circadian rhythm and responsivity to both
real and perceived threat. In healthy adults, the circadian rhythm follows a predictable
pattern of sharp increase in activity in the first 30 minutes after waking and a gradual decline
over the course of the day. Activity enters nadir shortly after sleep onset and remains low
until shortly before waking again the following morning. This pattern of activity is believed
to activate physiological resources required to meet the challenges of the day, while
allowing the body to recuperate from its expenditures while asleep.

Thus, the HPA axis is a dynamic system, adequate functioning of which is believed
necessary to manage both the daily challenges of life and to overcome real and perceived
threat. While rapid increases in cortisol may be necessary to overcome threat, chronic
elevations in cortisol levels may be neurotoxic, particularly to structures involved in
cognition and emotional/behavioral regulation (Burghy et al., 2012; Schuhmacher et al.,
2012; Vachon-Presseau et al., 2013). Such impact may be mechanistic in the development of
PTSD and/or MDD.

A Common Pathways Model
The importance of understanding mechanisms through which PTSD and MDD develop is
particularly clear when considering the increased severity and functional impairment
associated with their comorbidity. For example, Ginzburg (2006) reported that heart attack
patients who had comorbid PTSD and MDD had the lowest levels of psychosocial
functioning compared to patients with PTSD only, MDD only, and patients with neither
disorder. Neria & Bromet (2000) have suggested a common underlying pathway to the
development of both disorders following trauma. This would be consistent with noted
similarities in risk factors for both disorders (e.g. female gender, low socioeconomic status,
chronic stress/trauma; Breslau, Chilcoat, Kissler, & Davis, 1999; Buydens-Branchey,
Noumair, & Branchey, 1990; Goto, Wilson, Kahana, & Slane, 2002; Patton, Coffey,
Posterino, Carlin, & Bowes, 2003). Evidence that trauma exposure increases risk for the
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onset of depression in individuals who later develop PTSD, but not in trauma-exposed
individuals who do not develop PTSD (Breslau, Davis, Peterson, & Schultz, 2000), also
supports a model in which a common pathway leads to the development of both depression
and PTSD following exposure to traumatic events such as IPV. The impact of trauma on
HPA dynamics may reflect such a common pathway via associated cognitive and behavioral
responses.

HPA Dynamics & Trauma
Understanding HPA dynamics and associated cognitive and behavioral sequelae may be
critical to developing a better understanding of the potentially mechanistic relation of HPA
activity to PTSD and MDD. Historically, basal cortisol levels were examined in MDD
(Deuschle, Weber, Colla, Depner, & Heuser, 1998; Scott & Dinan, 1998), and PTSD (see
Meewisse et al., 2007 for review). More recently, the limitations inherent in interpreting
results focusing on basal measures have been noted, leading to a call to assess HPA axis
functioning dynamically (de Kloet et al., 2006; Meewisse et al., 2007). Assessing HPA
dynamically may enhance our ability to translate results into the cognitive and behavioral
responses relevant to daily and threat-related adjustment. Further, such dynamic specificity
may lead to differentiating paths common to both PTSD and MDD versus paths that may be
specific to one disorder.

HPA Dynamics in PTSD
Past research has found elevated, decreased, or no difference in basal cortisol levels in adults
with PTSD versus traumatized adults who did not develop PTSD (Klaasens etal., 2012;
Meewisse et al., 2007). Results of meta-analyses have suggested that, while basal cortisol
levels do not differ consistently across studies in general (Klaasens et al., 2012; Meewisse et
al., 2007), lower cortisol is consistently observed when women are included in samples,
abuse is the trauma of index, and when afternoon cortisol levels are assessed (Meewisse et
al., 2007).

Several studies have examined naturally occurring HPA dynamics associated with the
cortisol waking curve. Two studies – one with veterans and one with police officers – found
lower waking cortisol responses in individuals with PTSD, compared to similarly
traumatized groups without PTSD (Lauc et al., 2004; Neylan et al., 2005). Similarly,
Rohleder et al. (2004) found lower cortisol response to waking in male and female war
refugees with PTSD, compared to a mixed sample of refugees without PTSD and laboratory
staff. Lower cortisol response to waking was also found in men and women with PTSD
associated with mixed acute traumas (accidents, violent crimes, sexual assault), compared to
both traumatized and non-traumatized controls (Wessa et al., 2006).

Only one study has examined the cortisol waking response associated with PTSD in recently
abused IPV victims living in battered women’s shelters (Johnson et al., 2008; 2012). Results
of this study found elevated, rather than blunted, cortisol response to waking associated with
PTSD. The high levels of stress, recency of the trauma, and frequent trauma reminders in
this population may explain why these findings differed from those of prior research. It is
also possible that differential rates of comorbid depression are responsible for these
discrepant findings. Specifically, prior research either excluded or had minimal
representation of comorbid MDD (Neylan et al., 2005; Rohleder et al., 2004) or did not
report the presence/absence of depression (Lauc et al., 2004). In the one study to conduct
analyses with and without excluding individuals with comorbid MDD (Wessa et al., 2006),
PTSD continued to be associated with lower waking cortisol after excluding participants
with comorbid MDD. However, in this study, focal traumas were acute in nature, versus the
highly chronic nature of IPV.
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Thus, evidence largely suggests that PTSD is associated with a blunted cortisol response to
waking. This may reflect decreased cognitive and behavioral activation which are generally
believed to be required for optimal daily functioning. In recently abused IPV victims
residing in battered women’s shelters, the opposite pattern of cortisol waking response has
been noted. The frequent reminders of trauma (e.g. the sight of one’s own and other
women’s injuries) may contribute to enhanced cognitive processing and associated readiness
to react (i.e. hyperarousal), reflected in the enhanced waking cortisol response noted in this
sample. Other factors such as comorbid MDD may also contribute to this noted difference in
the cortisol waking response.

HPA Dynamics in MDD
MDD is consistently associated with elevated basal cortisol, though these elevations are
largely limited to the latter half of the circadian rhythm (see Burke et al., 2005 for meta-
analytic review). When considering the cortisol waking response, a blunted response is
typically associated with PTSD, while significantly enhanced cortisol waking responses
have been identified in several studies of depression (Bhagwagar et al., 2005; Johnson et al.,
2008; Pruessner et al., 2003; Ulrike et al., 2013; see Huber et al., 2006 and Stetler & Miller,
2005 for exceptions). This would suggest an enhanced activation of cognitive and behavioral
resources beyond that which is noted in well-adjusted individuals. Such enhanced cortisol
response to waking, coupled with the general elevation reflected in basal cortisol levels, may
become neurotoxic over time and lead to degradation of neurological structures associated
with emotion regulation (McEwen, 2001; Schuhmacher et al., 2012; Vachon-Presseau et al.,
2013). Such emotion regulation, of course, has cognitive and behavioral components at its
core and is clearly noted in both MDD and PTSD.

However, this does not clearly explain the discrepant relation of PTSD versus MDD to HPA
dynamics, despite the high rates of comorbidity between the two disorders. Consideration of
HPA dynamics as they relate to cases of comorbid depression and PTSD may clarify this
confusing state of the literature.

Comorbid PTSD/MDD & HPA Dynamics
Two studies have examined the role of comorbidity in circadian HPA dynamics. In the first,
Young & Breslau (2004) examined the role of comorbid MDD in cortisol levels both upon
waking and at 7 p.m. Adults with PTSD were compared to traumatized and non-traumatized
controls. Only evening cortisol levels differed between groups. Elevated evening cortisol in
the PTSD group, compared to both the traumatized and non-traumatized controls, was
specific to PTSD comorbid with MDD. This is consistent with evidence that baseline
cortisol elevations in MDD are particularly pronounced in the evening (see Burke et al.,
2005 for meta-analytic review). The second study accounting for HPA circadian dynamics
in comorbid PTSD and MDD examined baseline cortisol levels at multiple time points from
9 a.m. to 3 p.m. in a sample of MDD patients (Oquendo et al., 2003). Patients with MDD
only were compared to those with comorbid MDD and PTSD and healthy controls. The
MDD only group had higher cortisol levels across the day, compared to healthy controls. In
contrast, the comorbid group had lower cortisol levels across the day, compared to controls.
While these two studies may appear to be in conflict, similar waking values between
comorbid and healthy controls (Young & Bresleau, 2004), followed by subsequently lower
cortisol across the day (9 a.m. to 3 p.m.: Oquendo et al., 2003), and elevated evening values
(Young & Bresleau, 2004) suggest an overall blunting of the circadian rhythm in individuals
with comorbid PTSD and MDD.

Clearly, such an assertion requires further research examining the full circadian rhythm
within a single study. However, such evidence, taken together, suggests the possibility that
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comorbidity may be associated with blunted cognitive and behavioral activation following
waking and ongoing blunted activation throughout the course of the day.

In summary, comorbid PTSD and MDD appear to moderate HPA activity as measured by a
range of methods. Lack of replication and specificity to time of waking limits conclusions
that may be drawn from existing studies assessing basal measures across the circadian
rhythm. However, the studies, taken together, suggest a blunted circadian rhythm associated
with comorbidity. Research examining comorbidity as it relates to the cortisol waking
response may help clarify results of prior circadian research (Oquendo et al., 2003; Young &
Breslau, 2004), and set the stage for investigation of cognitive and behavioral translations.

The present study sought to extend prior literature examining the relation of comorbid
PTSD/MDD to HPA circadian dynamics and specifically extend the literature examining
HPA dynamics associated with IPV. We consider the natural dynamics of the cortisol
response to waking in a sample of IPV victims currently residing in battered women’s
shelters. Analyses expand upon our previous report in which elevated cortisol waking
response was associated with PTSD and symptoms of depression in a sample of IPV victims
(Johnson et al., 2008; 2012).

We expected that both PTSD and MDD would independently be associated with enhanced
cortisol response to waking, replicating our previous report. Further, we expected that
women with comorbid PTSD and MDD would show the greatest cortisol response. Based on
results of prior research examining the relation of the cortisol waking response to PTSD
(Lauc et al., 2004; Neylan et al., 2005; Rholeder et al., 2004; Wessa et al., 2006) or MDD
(Bhagwager et al., 2005; Johnson et al., 2008; Pruessner et al., 2003), we expected that any
enhanced cortisol waking response noted in PTSD would be driven by comorbid MDD.
Specifically, we expected MDD, absent comorbid PTSD, to be associated with enhanced
cortisol waking response, while we expected PTSD, absent comorbid MDD, to be associated
with blunted cortisol response to waking, as has consistently been noted in previous
research. Given evidence that comorbidity does not consistently impact basal cortisol
activity in PTSD (Klaasens et al., 2012; Meewisse et al., 2007), we expected group
differences in the cortisol response to waking, but not in basal measures of cortisol activity.
Such evidence for the importance of considering the full range of HPA dynamics is expected
to be critical to the ongoing clarification of apparent discrepancies in the relation of PTSD
versus MDD to HPA activity and may contribute to emerging evidence for common
pathways to both disorders. Perhaps most importantly, it is expected that results of the
present study will contribute to enhancement of cognitive and behavioral interventions for
comorbid PTSD and/or MDD in IPV victims.

Materials & Methods
The following procedures were approved by the Institutional Review Boards of Summa
Health System and Kent State University. One hundred fifty-four women were recruited
from battered women’s shelters between 2004 and 2007. Women who reported abuse by a
romantic partner in the past month were eligible for the study. Eligible women provided
informed consent, and collected saliva samples in shelter during the first hour after waking
in order to determine their cortisol response to waking. Women were interviewed in-shelter
with the Clinician Administered PTSD Scale (CAPS) and Structured Clinical Interview for
DSM-IV (SCID). The Beck Depression Inventory (BDI) and Conflict Tactics Scale – 2
(CTS-2) were also completed to provide self-report of depression severity and
characteristics of recent abuse.
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Measures
CAPS—The Clinician Administered PTSD Scale (CAPS; Blake et al., 1990) is a semi-
structured interview used to assess diagnostic criteria for PTSD, based on DSM-IV criteria.
Criterion symptoms of PTSD specific to the index trauma are assessed for frequency and
severity, and the extent to which they cause functional impairment and have been present for
at least one month. The CAPS is one of the most-widely used measures for the assessment
of PTSD and has well-established validity (Weathers, Keane, & Davidson, 2001). Current
PTSD was assessed with respect to the abusive relationship that led to participants’ shelter
admission. Inter-rater reliability was high when calculated for 21 randomly selected
interviews (κ = .83). Internal reliability for symptom frequency and intensity was excellent
α = .93.

SCID—Major Depressive Disorder was assessed with the Structured Clinical Interview for
DSM-IV-TR Axis I Disorders (SCID; First, Gibbon, Spitzer, & Williams, 2001). The SCID
is a standardized semi-structured clinical interview for the diagnosis of Axis I disorders,
based on DSM-IV-TR criteria. The presence and duration of depressed mood and anhedonia
are assessed first. Similar assessments of remaining criterion symptoms follow when one or
both of these symptoms are positive, followed by assessment of functional impairment.
Inter-rater reliability calculated for a subset of SCIDs for the current study was high (κ = .
87, N = 16).

BDI—The Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh,
1961) was used to assess severity of depression symptoms for descriptive purposes only.
The BDI is a 21-item self-report measure of characteristic attitudes and symptoms of
depression with established reliability and validity. Scores on the BDI are highly correlated
with interview-based diagnosis of MDD (Ambrosini et al., 1991). Internal reliability in the
present sample was good α = .88.

CTS-2—Injury inflicted on participants by recent (past month) IPV was assessed using the
Conflict Tactics Scale – 2 (CTS-2), which is a 78-item self-report measure with established
validity and reliability (Straus, Hamby, Boney-McCoy, & Sugarman, 1996). Items assess the
extent to which acts of psychological aggression, physical assault, sexual coercion, and
injury were perpetrated against participants, in addition to assessing acts of negotiation.
Participant report of romantic partner abuse on the CTS-2 served as the basis for assessing
inclusion criteria for the present study. Participants who endorsed at least one item on one of
the following subscales were invited to participate in the present study: psychological
aggression, physical assault, sexual coercion, or injury the month prior to shelter admission.
Severity of total injuries in the past month was also examined as a possible control variable
in present analyses. Chronicity of abuse was defined as duration of most recent abusive
relationship in months, as measured by participant report. Internal reliability was excellent α
= .95.

Salivary Cortisol—Waking cortisol samples were collected per recommendations by
Pruessner et al. (2003) at four points over the first hour after waking – immediately upon
waking, and at 30, 45, and 60 minutes after waking. Samples were collected in-shelter, and
women were instructed to refrain from eating, drinking, smoking, or brushing their teeth
during the sampling period. Women recorded their waking time, as well as the timing of
each sample in an attempt to ensure proper sampling. Current medication use and whether
an alarm was used to wake up were also recorded. Saliva samples were collected in
Salivettes and stored at −80 degrees C until assayed. Saliva samples were processed at the
Center for Psychobiology and Psychosomatic Research (Trier, Germany) using a time
resolved immunoassay with fluorescence detection (DELPIA; Dressendorfer, Kirchbaum,
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Rohede, Stahl, & Strasburger, 1992). Samples were assayed in three batches, based on data
analytic phase of the study (i.e. preliminary baseline, follow-up, and final analyses). All
inter- and intra-assay coefficients of variations were less than 10%.

Statistical Analyses
Waking cortisol levels were examined (i.e. single sample at time of waking), and area under
the curve with respect to ground (AUCg), and area under the curve with respect to increase
(AUCi) were calculated according to recommendations by Pruessner et al. (2003). AUCg
represents the total cortisol output in the first hour after waking, while AUCi represents
HPA reactivity to waking (Vedhara et al., 2007). All measures of cortisol activity were
normally distributed. Initial independent samples t-tests, one-way ANOVAs, and bivariate
correlations were conducted to identify potential covariates. One-way ANCOVAs were
conducted to determine the extent to which cortisol measures differed between the PTSD,
MDD, and comorbid groups. Significant ANCOVAs for comorbidity groups were followed
up with individual ANCOVAs to determine the extent to which group pairs differed
significantly from one another.

Results
Preliminary Analyses

Of the original sample of 163 women, those who failed to provide sufficient samples for
cortisol measurement and subsequent calculation of AUCg and AUCi (N = 28) were
excluded from analyses, as were women reporting beginning their sampling 30 or more
minutes following reported waking time (N = 14). Women reporting that they smoked
during the sampling period (N = 15), a woman who reported corticosteroid use, and a
woman who was identified as a multivariate outlier were also excluded. Excluded women
did not differ significantly from women included in analyses in age t(161) = 1.42, p = .16,
minority status χ2(1) = .22, p = .64, or diagnosis of PTSD χ2(1) = .97, p = .32 or MDD
χ2(1) = .21, p = .65. The final sample included 104 women who provided complete and
valid waking cortisol samples. Of these, the mean timing of the waking saliva sample was
3.58 minutes following waking SD = 5.86. Timing of waking saliva sample was not
significantly correlated with waking cortisol levels r = .06, p = .56, AUCg r = −.02, p = .
81, or AUCi r = −.11, p = .26. Waking cortisol curves are depicted by comorbidity group in
Figure 1.

Demographics and rates of PTSD and MDD for the final sample are provided in Table 1.
Rates of comorbidity between PTSD and MDD are noted in Table 2. Symptoms of PTSD
averaged 71.19 (15.49) in the PTSD group, compared to 33.31 (15.49) in the non-PTSD
group. Average duration of PTSD symptoms was 37.96 months (SD = 69.87; range = 1
month to 36 years) for those who met full criteria for the disorder.

Women with PTSD were significantly younger than women without PTSD t(102) = 2.00, p
= .05, but age did not differ by MDD status, and was not related to measures of cortisol ps
> .15. Due to the small number of Biracial and Native American women, race was
dichotomized to examine minority status. Minority status did not differ significantly by
PTSD diagnosis χ2(1) = .45, p = .50, MDD χ2(1) = 1.78, p = .18, or comorbidity group
status χ2(3) = 4.25, p = .24. Waking cortisol also did not differ significantly by minority
status t(102) = .77, p = .45, though minority status was associated with significantly lower
AUCg t(102) = 3.15, p < .01, and higher AUCi t(102) = 2.92, p < .01. Use of an alarm
clock to wake up was not correlated with cortisol activity [Waking: t(102) = 1.32, p = .19;
AUCg: t(102) = .28, p = .78; AUCi: t(102) = 1.45, p = .15]. Total injuries in the past month
were also not related to severity of PTSD r = .07, p = .49 or depression r = .10, p = .35, did
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not relate to any measure of cortisol activity (Waking: r = −.03, p = .73; AUCg: r = −.03, p
= .80; AUCi: r = .02, p = .88), and did not differentiate between PTSD t(102) = .23, p = .
82, MDD t(102) = 1.04, p = .30, or comorbidity groups F(3,100) = .38, p = .77. Chronicity
of abuse did not differ between PTSD groups t(102) = .18, p = .86, MDD groups t(102) =
1.57, p = .12, or among comorbidity groups F(3,100) = 1.67, p = .18. Chronicity of abuse
was not associated with waking cortisol r = −.17, p = .08 or AUCi r = .09, p = .36, but was
negatively correlated with AUCg r = −.26, p = .01. Women with a Bipolar Spectrum
Disorder N = 13 were significantly more likely to have PTSD than women without a Bipolar
Spectrum Disorder χ2 = 4.76, p = .03. Diagnosis of at least one anxiety disorder other that
PTSD N = 56 was associated with more severe symptoms of depression t = 2.01, p = .05.
Use of psychiatric medications was similar by PTSD diagnosis χ2(1) = 1.13, p = .29, MDD
diagnosis χ2(1) = 1.34, p = .25, comorbidity group χ2(3) = 4.39, p = .22. Symptoms of
PTSD and depression were also similar between women who did N = 15 and did not use
psychiatric medications t(102) = .45, p = .65 and t(98) = .13, p = .90, respectively.
Furthermore, all measures of cortisol activity were similar between those using and not
using psychiatric medications [waking cortisol: t(102) = .40, p = .69; AUCg: t(102) = .01, p
> .99, AUCi: t(102) = .56, p = .58]. When examining specific psychiatric medications,
similar results were found for antidepressants and mood stabilizers. Use of antidepressants N
= 11 were similar by PTSD diagnosis χ2(1) = 29, p = .59, MDD diagnosis χ2(1) = .01, p = .
91, and comorbidity status χ2(3) = .30, p = .96. Symptoms of PTSD and depression were
also similar between women who did and did not use antidepressants t(102) = 1.06, p = .29
and t(98) = .04, p = .97, respectively. Moreover, all measures of cortisol were similar
between women using and not using antidepressants [waking cortisol: t(102) = .88, p = .97;
AUCg: t(102) = .83, p = .41; AUCi: t(102) = .14, p = .89]. Use of mood stabilizers N = 3
was similar based on PTSD diagnosis χ2(1) = 1.40, p = .24, MDD diagnosis χ2(1) = .47, p
= .49, and comorbidity status χ2(1) = 2.80, p = .42. Symptoms of PTSD and depression did
not differ between women using and not using mood stabilizers t(102) = .15, p = .88 and
t(98) = 1.17, p = .24, respectively. Measures of cortisol activity were also similar between
women using and not using mood stabilizers [waking: t(102) = .72, p = .47; AUCg t(102) =
1.77, p = .08; AUCi t(102) = 1.26, p = .21]. Only use of anti-anxiety medication N = 7
showed any effect. While rates of anti-anxiety use were similar based on PTSD diagnosis
χ2(1) = 1.68, p = .20 and MDD diagnosis χ2(1) = .06, p = .82, women in the MDD only
group were more likely to be taking anti-anxiety medications than those in the PTSD only,
Comorbid PTSD/MDD, or neither disorder groups χ2 = 8.03, p = .05. Symptoms of PTSD
and depression did not differ by anti-anxiety medication use t(102) = .27, p = .79 and t(98)
= .75, p = .46, respectively. Cortisol activity also did not differ by anti-anxiety use [waking:
t(102) = .57, p = .57; AUCg: t(102) = .32, p = .75; AUCi: t(102) = .38, p = .71]. Given
these relationships, we conservatively controlled for age, minority status, abuse chronicity,
anti-anxiety medication, Bipolar Spectrum Disorder, and other Anxiety Disorders in all
analyses. Time between waking and first sample was also controlled for in order to ensure
that results were not spurious.

PTSD, MDD, & HPA Dynamics
Results were first examined based on PTSD diagnosis, and then by diagnosis of MDD,
before considering comorbidity (Table 2). After accounting for age, minority status, abuse
chronicity, anti-anxiety medication, Bipolar Spectrum Disorder, and other Anxiety
Disorders, women with PTSD did not differ significantly from women without PTSD on
waking cortisol F(8,95) = .74, p = .39 or AUCg F(8,95) = 1.13, p = .29. However, women
with PTSD had significantly greater AUCi compared to those without PTSD F(8, 95) =
6.75, p = .01. Women with MDD had significantly lower waking cortisol levels F(8,95) =
5.11, p = .03, and greater AUCi F(8,95) = 8.68, p < .01, compared to women without MDD.
AUCg did not differ significantly between MDD groups F(8,95) = .06, p = .80.
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Comorbidity & HPA Dynamics
Data were next analyzed based on comorbidity status (i.e. neither PTSD nor MDD; PTSD
only; MDD only; or PTSD plus comorbid MDD; Table 2). Comorbidity groups did not
differ with respect to waking cortisol F(10,93) = 1.69, p = .18 and AUCg F(10,93) = .58, p
= .63, after accounting for age, minority status, abuse chronicity, anti-anxiety medication,
Bipolar Spectrum Disorder, and other Anxiety Disorders, but differences were significant
for AUCi F(10, 93) = 3.93, p = .02. Post hoc analyses indicated that AUCi was higher in
women with PTSD plus comorbid MDD compared to women with neither PTSD nor MDD
F(8,58) = 12.48 p < .01. Women with either PTSD or MDD, alone, did not differ from each
other F(8,28) < .01, p = .97. Women with MDD only had higher AUCi than women with
neither PTSD nor MDD F(8,27) = 4.52, p = .04. Women with PTSD only did not differ from
women in the comorbid group F(8,40) = .83, p = .37.

Discussion
Results of the present research highlight the importance of accounting for both comorbidity
and HPA dynamics when seeking to understand the relation of HPA activity to trauma-
related psychopathology such as PTSD and MDD. Specifically, both PTSD and MDD were
associated with elevated waking cortisol responses prior to accounting for comorbidity. This
is consistent with our prior report (Johnson et al., 2008) and was largely specific to the most
dynamic measure of the cortisol waking response – AUCi. However, after accounting for
comorbidity, PTSD only, did not differ significantly from other groups. On the other hand,
women with MDD only, showed significantly higher cortisol waking response than women
with neither disorder. Thus, we conclude that comorbid MDD was driving the elevated
cortisol waking response originally observed in PTSD. Further, as predicted, women with
comorbid PTSD and MDD showed the largest cortisol waking response. Given evidence that
elevated cortisol response noted in this sample is due to MDD, rather than PTSD, results
observed in the comorbid group are also likely the result of comorbid MDD.

Results replicate the majority of the literature examining the relation of depression to the
cortisol waking response (Bhagwagar et al., 2005; Johnson et al., 2008; Pruessner, et al.,
2003; Ulrike et al., 2013; see Huber et al., 2006 and Stetler et al., 2005 for exceptions).
However, results contradict consistent previous reports indicating that PTSD is associated
with blunted cortisol response to waking (Lauc et al., 2004; Neylan et al., 2005; Rohleder et
al., 2004; Wessa et al., 2006). A recent meta-analysis by Morris et al. (2012) suggests that
present results may be specific to samples with similar recency and/or chronicity of trauma.
Specifically, the present sample experienced IPV for an average of more than 5 years, with
the most recent incident being within the past month. The recency of trauma and/or the
stressful nature of shelter living, including constant reminders of IPV experienced by
women in the present sample, may also be responsible for apparent differences in the
relation of PTSD to the waking cortisol response between present results and those reported
in prior literature.

In addition to the noted relation of MDD to HPA activity, an unexpectedly flat profile of
waking cortisol response was noted in women who did not meet criteria for either MDD or
PTSD. While this is the group that most closely represents a control group, their history of
IPV and/or the stress of the shelter environment may have contributed to the lack of
expected waking cortisol increase (Yehuda et al., 2004; Savic et al., 2012). Although a non-
traumatized control group is not available against which these results may be compared,
these results importantly extend the only other known report of the waking cortisol response
in IPV victims by examining comorbidity.
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Further exploration of the relationship between PTSD, MDD, and HPA dynamics may help
guide intervention efforts in the aftermath of IPV. For example, while present results suggest
that MDD may drive physiological response as measured herein, results also clearly
demonstrate that MDD presented as comorbid with PTSD far more often than alone.
Efficacious trauma-focused interventions have been shown to also reduce depressive
symptoms, while the opposite has not been shown (e.g. Schnurr et al., 2007). Rather,
treatment-resistant depression is of ongoing concern (Kasper & Montgomery, 2013).
Evidence for a common underlying physiology between PTSD and MDD in the context of
trauma suggests that application of trauma-focused interventions to trauma-related MDD
may be one avenue leading to a reduction in the incidence of treatment-resistant depression.
Clearly, such clinical implications are merely speculative, based on current results. Present
results require replication and extension to other populations such as male victims of IPV
and victims of other forms of trauma (both chronic and acute). However, cautious
speculation about clinical implications may benefit the translation of such findings as those
presented herein to clinical practice. Such translation may be particularly effective to the
extent that HPA dynamics associated with comorbid MDD and PTSD are first translated
into the cognitive and behavioral aspects of emotion regulation that are relevant to
intervening with both.

A number of limitations are acknowledged in the present study. First, our sample lacks a
non-traumatized control group against which to compare existing results. In the absence of
an adequate control group, it is unclear whether any of the groups represented in the present
sample reflect normal HPA dynamics, or whether all groups represent different variations of
HPA dysregulation. A second limitation is that the present sample size lacked statistical
power to detect an interaction between PTSD and MDD status in predicting HPA dynamics
η2 = .05. Testing for an interaction between PTSD and MDD may be a more appropriate
approach to testing the hypotheses contained herein, but was not feasible given the present
sample size. Moreover, some potential confounds were not assessed in the present study
(e.g. menstrual status). Also, while assessment of the waking cortisol curve is most
ecologically valid in the home environment (i.e. in-shelter, for the present sample),
assessment in such a non-controlled environment is at risk of increased measurement error
(e.g. inaccurate recordings of waking and sampling times, inadvertent switching of samples).
Use of MEMS caps (devises to monitor, electronically, the timing at which sampling was
completed) would help address this limitation in future research. Further, direct
measurement of HPA response to psychosocial challenge such as exposure to reminders of
one’s trauma would further contribute to the understanding of how cortisol relates to
comorbid PTSD and MDD. Such research is in progress, and is expected to contribute to a
better understanding of the relation of HPA dynamics to these two highly comorbid
disorders, and improve treatment of PTSD and MDD in victims of IPV.

Conclusions
Results of the present research provide preliminary evidence that comorbid depression may
drive the relationship between PTSD and cortisol response to waking in recently abused IPV
victims. Given the preliminary nature of these results, replication and extension will be
important in determining the extent to which such results may inform the treatment of these
two highly comorbid and highly debilitating disorders.
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Figure 1.
Waking Cortisol Curve by Comorbidity Status
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