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Abstract
Background—Women are twice as likely as men to develop Posttraumatic Stress Disorder
(PTSD). Abnormal acquisition of conditioned fear has been suggested as a mechanism for the
development of PTSD. While some studies of healthy humans suggest that women are either no
different or express less conditioned fear responses during conditioning relative to men,
differences in the acquisition of conditioned fear between men and women diagnosed with PTSD
has not been examined.

Methods—Thirty-one participants (18 men; 13 women) with full or subsyndromal PTSD
completed a fear conditioning task. Participants were shown computer-generated colored circles
that were paired (CS+) or unpaired (CS−) with an aversive electrical stimulus and skin
conductance levels were assessed throughout the task.

Results—Repeated measures ANOVA indicated a significant sex by stimulus interaction during
acquisition. Women had greater differential conditioned skin conductance responses (CS + trials
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compared to CS− trials) than did men, suggesting greater acquisition of conditioned fear in women
with PTSD.

Conclusions—In contrast to studies of healthy individuals, we found enhanced acquisition of
conditioned fear in women with PTSD. Greater fear conditioning in women may either be a pre-
existing vulnerability trait or an acquired phenomenon that emerges in a sex-dependent manner
after the development of PTSD. Characterizing the underlying mechanisms of these differences is
needed to clarify sex-related differences in the pathophysiology of PTSD.

Keywords
Sex differences; Learning; Conditioning; Fear; Posttraumatic stress disorder; Galvanic skin
response

1. Introduction
Women develop posttraumatic stress disorder (PTSD) at twice the rate of men, despite
greater trauma exposure in men (Adamson et al., 2008; Breslau et al., 1998). Fear
conditioning has been proposed as a core process in the development of PTSD (Orr et al.,
2000; Pitman et al., 2000). During traumatic stress exposure, severe and prolonged threat
result in a cascade of biological stress responding (Pitman et al., 2001) leading to the release
of stress hormones and neuromodulators that are believed to enhance fear conditioning and
memory consolidation, subsequently resulting in chronic symptoms that are characteristic of
PTSD (Pitman, 1989; Pitman et al., 2000). However, little is known about potential sex
differences in conditioning mechanisms associated with PTSD.

In fear conditioning, a stressor (i.e., unconditioned stimulus; UCS) elicits fear and arousal
(i.e., unconditioned response, UCR) that becomes associated with innocuous cues (i.e.,
conditioned stimulus; CS) (Orr et al., 2000; Pitman et al., 2000). Subsequently, presentations
of the now conditioned stimuli are sufficient to elicit a conditioned response (CR) because
of the prior CS–UCS associations. In conditioning models of PTSD, it is believed that
neutral environmental cues present at the time of trauma exposure become associated with
fear and arousal such that these previously innocuous stimuli can trigger conditioned fear
responses even when danger is no longer present (Orr et al., 1997; Vermetten et al., 2007).
Individuals who develop PTSD may be more “conditionable” in that they are more likely to
acquire a conditioned fear response to a neutral stimulus and have more difficulty
extinguishing this response once acquired (Orr et al., 2000). While PTSD has been
associated with greater conditioned responses to cues signaling threat in several studies (Orr
et al., 2000; Peri et al., 2000), it has not been found in others (Milad et al., 2008; Orr et al.,
2006). Some studies have also found that PTSD was associated with greater reactivity to
safety signals during fear conditioning, suggesting impaired stimulus discrimination in
PTSD (Blechert et al., 2007; Grillon and Morgan, 1999; Peri et al., 2000). However, much
of this research has been conducted in males or in studies that failed to examine the impact
of sex, which may have led to considerable variability.

Growing evidence suggests that men and women may diverge in their responses to stress
and fear acquisition. Brain regions implicated in both fear conditioning and PTSD (e.g., the
amygdala, vmPFC, and hippocampus) are sexually dimorphic and contain receptors for sex-
specific steroids such as estrogen (Goldstein et al., 2001). Additionally, estradiol, the
primary form of estrogen in women during the reproductive years, has been found to
modulate fear and extinction learning in animal and human studies (Chang et al., 2009;
Milad et al., 2006, 2009; Zeidan et al., 2011). Although not always (Gupta et al., 2001),
estradiol has been associated with enhanced trace eyeblink conditioning (Leuner et al.,
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2004), cued fear conditioning (Jasnow et al., 2006), contextual conditioning (Jasnow et al.,
2006), and extinction consolidation (Milad et al., 2009, 2010; Zeidan et al., 2011).

Most studies of sex differences in fear conditioning in humans have examined nonclinical
populations. Enhanced acquisition of conditioned fear was found in healthy women
compared to men in one study (Guimaraes et al., 1991), while another study found no sex
differences (Zorawski et al., 2005). Importantly, these studies did not control for menstrual
phase, which is problematic because reproductive hormones can influence conditioning and
extinction. A study that controlled for menstrual phase by comparing women in the
follicular phase and men found less differential conditioned fear responding during
acquisition in women, suggesting that the process(es) underlying or influencing fear
conditioning likely differ between men and women (Milad et al., 2006).

The present study examined whether there are sex differences in the acquisition of
conditioned fear in men and women with full or subsyndromal PTSD. Women were tested
during the early follicular phase to control for the possible confounding effects of changing
reproductive hormones in cycling women since estradiol and progesterone are both
relatively low in the early follicular phase. Based on women’s higher rates of PTSD, we
predicted that women with PTSD would have greater acquisition of conditioned fear (larger
skin conductance responses to CS+ trials) compared to men with PTSD. Because the model
of fear conditioning in PTSD also suggests that greater threat and stress reactivity may affect
fear conditioning (Bremner, 2002; Pitman et al., 2001) we also examined whether
anticipatory fear of the unconditioned stimulus differs between men and women, and might
thereby explain differences in fear conditioning. Because this study was part of a larger
clinical trial examining pharmacological agents administered during extinction, we were
unable to examine sex differences associated with extinction.

2. Methods and materials
2.1. Participants

Participants were recruited from Veterans Affairs (VA) outpatient and community clinics,
and local newspaper and internet advertisements. Potential participants underwent a
diagnostic interview, medical history, and laboratory testing for determining study
eligibility. Exclusion criteria included organic mental disorder, schizophrenia, bipolar
disorder, alcohol dependence, drug abuse or dependence, seizure disorders, neurological
disorders, previous moderate or severe head injuries, current infectious illness, and systemic
illness affecting CNS function, or any other medical condition known to affect
psychophysiological responses. Exclusionary medications included alpha and beta-
adrenergic agents, antipsychotics, benzodiazepines, mood stabilizers, anticonvulsants,
antihypertensives, sympathomimetics, and steroids. Additional attrition occurred for the
following reasons: withdrawal from study (1 male), falling asleep during experiment (3
males), technical difficulties/experimenter error (1 male, 1 female). Data from individuals
with very small skin conductance responses to the UCS (i.e., mean response less than .1 μs)
(2 females) or to the CS+ (i.e., mean response less than .05 μs) (2 males, 9 females) were
also excluded.

We present data from 31 participants (men: n = 18; women: n = 13), ages 18–65, who met
DSM-IV criteria for full or subsyndromal current PTSD as their primary psychiatric
complaint and completed the fear conditioning task. Participants reported the following
traumatic events that triggered their PTSD symptoms: combat experiences (12), sexual
assault (9), physical assault (8), and accidents (2). Comorbid Axis I disorders included:
major depressive disorder (6), dysthymia (2), alcohol abuse (1), panic disorder without
agoraphobia (1), agoraphobia (1), specific phobia (2), obsessive-compulsive disorder (1),
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and generalized anxiety disorder (1). Participants were alcohol- and drug-free during testing,
as determined from self-report, urine drug screen, and breathalyzer.

2.2. Measures
2.2.1. Psychosocial measures—PTSD symptom levels were determined by interview
using the Clinician Administered PTSD Scale (CAPS) (Blake et al., 1995). The CAPS
provides information on current and lifetime PTSD symptoms and status, providing a
diagnosis, frequency, and intensity of symptoms. Full PTSD diagnostic criteria for DSM-IV
or subsyndromal PTSD (i.e., CAPS score > 30 and meeting the A1, A2, B, E, and F clusters,
and either the C or D clusters) was determined by the CAPS and present for at least 3
months. Psychiatric and substance use disorders were assessed with the Structured Clinical
Interview for DSM-IV, version 2.0 (SCID I-NP) (First et al., 2002). We used the Life
Stressor Checklist-Revised (LSC-R) (Wolfe et al., 1996) interview to determine prior
exposure to 21 stressful life events (e.g., experiencing or witnessing serious accidents,
illnesses, sudden death, physical and sexual assault); whether exposure to events triggered
emotions consistent with DSM-IV criterion A2 for PTSD; and the frequency and ages of
exposure. All interviews were conducted by Master’s-level clinical psychologists, who
calibrated their assessments weekly. Self-reported state anxiety prior to conditioning was
assessed using the State-Trait Anxiety Inventory (STAI-state) questionnaire (Spielberger et
al., 1983). The STAI-state includes 20 items assessing feelings of apprehension, tension,
nervousness, and worry rated on a 4-point Likert-type scale from 1 (not at all) to 4 (very
much).

2.2.2. Psychophysiological measures—A Coulbourn Modular Instrument System
was used. Skin conductance was measured directly by a Coulbourn Isolated Skin
Conductance coupler (S71-23) using a constant .5 V through 9 mm (sensor diameter) Sensor
Medics Ag/AgCl electrodes placed on the hypothenar surface of the participant’s non-
dominant hand in accordance with published guidelines (Fowles et al., 1981). The SC
electrodes were separated by 14 mm. The SC level analog signal was digitized by a
Coulbourn Lablinc Analog to Digital Converter (L25-12). A Microsoft Windows-based
computer system was used for sampling and storing the digitized SC signal and controlling
stimulus presentations.

2.3. Procedures
During the initial study visit, study procedures were fully explained and written informed
consent was obtained based on procedures approved by the University of California, San
Francisco Institutional Review Board. Participants then underwent a structured diagnostic
interview for psychiatric and medical history and provided blood and urine samples to assess
medical conditions and use of medications or drugs that were exclusionary.

Next, eligible participants determined the level of electrical stimulation to be used as the
UCS during the subsequent conditioning session (Orr et al., 2000). The experimental
apparatus was located in the adjoining room and connected by wires. Participants were
monitored via an unobtrusive video camera. The UCS was a 500 ms electrical pulse ranging
from .5 to 5.0 mA generated by a Coulbourn Transcutaneous Aversive Finger Stimulator
(E13-22). Electrodes for the electrical stimulus were attached to the second and third fingers
of the participants’ dominant hand and participants were asked to choose the level of
stimulation that is “highly annoying but not painful”, starting at a low level and gradually
increasing until each participant said “stop”. Eligible participants were also given self-report
questionnaires on demographics, health and psychological symptoms.

Inslicht et al. Page 4

J Psychiatr Res. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.3.1. Fear conditioning—The aversive conditioning session occurred a minimum of one
week later and during the early follicular phase for regularly cycling women.1 Sessions were
scheduled between 1:00 pm to 4:00 pm to minimize potential diurnal effects. Participants
were requested to abstain from caffeine, smoking, and eating for 1 h prior to the session and
not to consume heavy amounts of alcohol or use illicit drugs for 72 h prior to participation.

Electrodes for recording SC and those for UCS administration were attached.
Administration of the task, adapted from Orr et al. (2000), began with a 5-min baseline
recording period during which SC was sampled at 1000 Hz while the participant sat quietly.
In this paradigm, the conditioned stimuli (paired = CS+; unpaired = CS−) were two different
colored computer-generated 15.2 cm diameter circles; colors were randomly selected for
each participant and presented for 8 s on a 28.5 × 21.5 cm monitor positioned 1 m in front of
the participant. The UCS was a 500 ms electric pulse at the level previously identified by the
participant as “highly annoying but not painful.” During habituation (Phase 1), participants
were shown five presentations of each of the colored circles (to be CS+ and CS−) in the
absence of the shock (UCS) with no more than 2 consecutive presentations of the same
stimulus type. The CS duration was 8 s, and the intertrial interval (ITI) was 20 ± 5 s. This
was followed by the acquisition phase (Phase 2), in which the CS+ (colored circle presented
for 8 s followed by a 500 ms shock) and CS− (colored circle with no subsequent shock)
stimuli was each presented five times in random order (Fig. 1A). After the task, participants
were asked whether they could predict when the shock would occur, to identify the color of
the CS+, and to rate their level of “annoyance” with the shock on a 5-point Likert-type scale.

2.4. Psychophysiological response scores
The SCR scores for CS and UCS intervals were calculated as described by Orr et al. (2000,
2006) and depicted in Fig. 1B. The SCR was square-root transformed to reduce
heteroscedasticity prior to analysis. For a negative SCR, the square-root of the absolute
value was calculated and given a negative sign. The SC resting level was determined by the
mean SC during a 5 min baseline rest period. An SC orienting response was determined by
averaging each individual’s response to the first presentation of the CS+ and CS− during the
habituation phase.

3. Results
3.1. Sample characteristics

Means, standard deviations, and results of t-test comparisons between men and women for
demographic and psychometric measures are presented in Table 1. There were no significant
differences between men and women for age, education, ethnicity/race, PTSD symptom
level, whether they met full criteria or subsyndromal PTSD or use of psychiatric
medications (as indicated in Table 1).

3.2. Baseline skin conductance and shock levels
Mean shock level, SC resting level during baseline, and the SC orienting response during the
habituation phase are presented in Table 1. Results indicated a nonsignificant trend for sex
differences in the level of shock selected with men selecting marginally higher levels of
shock than women. A significant sex difference was found in resting SC level during the
initial 5 min resting baseline indicating that men had higher mean baseline SCL than
women. During the 5 min resting baseline, there was a nonsignificant trend for women to
report greater fear of receiving the shock (M = 4.31, SD = 3.17 for women vs.M= 2.50, SD

1One female participant reported menopausal status. All other participants reported regular menstrual cycles.
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= 2.09 for men; t(29)=−1.91, p = .07) and state anxiety prior to conditioning (M = 48.00, SD
= 10.58 for women vs. M = 42.89, SD = 8.14 for men; t(29) = −1.81, p = .08). The level of
shock selected by participants, fear of shock, state anxiety and resting SC were not
associated with differential fear acquisition. Thus, differences between men and women
during the experimental phases of fear conditioning are not likely to be attributable to prior
differences in shock level, anticipatory anxiety, or baseline SCL.

3.3. Effect of sex on skin conductance responding to conditioned stimuli across
experimental phases

The mean CRs to CS+ and CS− cues during habituation and acquisition phases of the
experiment for men and women are shown in Fig. 2. A three-factor sex (males, females) ×
stimulus (CS+, CS−) × trials (the last 4 levels for each of the CS+ and CS−) repeated
measures ANOVA with CR as the dependent variable was performed separately for the
habituation and acquisition phases. We focused on the last 4 out of 5 presentations each of
the CS+ and CS− trials to avoid orienting responses associated with initial presentation of
stimuli. Because the UCS is administered after CS+ offset, any effects associated with the
initial CS+ trial is likely to reflect an orienting response and not conditioning, since the CS
and UCS have not yet been paired.

3.3.1. Habituation—During habituation, the repeated measures ANOVA revealed a

significant main effect for sex, F(1, 232) = 18.89, p < .001, ; men produced larger
SC responses during presentation of the CS+ and CS− stimuli than women (M = .31, SD = .
17 and M = .13, SD = .11 respectively). There were no significant differences in SC
response magnitude to CS+ and CS− trials and no stimulus by sex interaction.

3.3.2. Acquisition—Acquisition of a differentially conditioned SC response is evident in a

significant main effect for stimulus, F(1, 232) = 61.56, p < .001, . Fig. 2A shows
that SC response magnitudes were larger for the reinforced CS+ trials compared to the non-
reinforced CS− trials for both men and women. There was also a significant sex by stimulus

interaction, F(1, 232) = 5.16, p < .05,  with women having greater differential SC
responses to CS+ than CS− cues than men (Fig. 3). Separate analyses of CS+ and CS− trials

yielded a significant sex effect for CS+ trials, F(1, 116) = 6.33, p < .05, , with
women (M= .71, SD= .47) having larger SC responses to the CS+ than men (M = .51, SD = .
16). There were no significant main effects of sex or trials or sex × trial interactions for SC
response to CS− trials. Thus, the enhanced differential conditioning in women is primarily
due to enhanced responding the CS+, despite the significantly reduced baseline SCL and SC
responses during habituation. Excluding participants with subsyndromal levels of PTSD
similarly resulted in a significant sex × stimulus interaction, F(1, 168) = 5.05, p < .05,

, and significant main effect for stimulus, F(1,168)= 45.07, p < .0001, .
Similarly, exclusion of one female participant who reported to be menopausal did not alter

the sex × stimulus interaction, F(1,224)= 5.28, p < .05,  or main effect for stimulus,

F(1, 224) = 59.17, p < .0001, .

3.4. Effect of sex on skin conductance responding to unconditioned stimuli
Group mean SC responses for the UCS interval of CS+ and CS− acquisition phase trials are
depicted in Fig. 2. We conducted a three-factor sex (males, females) × stimulus (shock vs.
no shock) × trials (4 levels for each UCS condition) repeated measures ANOVA with SC
response magnitude during the UCS interval as the dependent variable to evaluate potential
sex differences in response to the unconditioned stimuli. As expected, there was a significant
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main effect for the electric stimulus such that larger SC responses were produced during the

UCS interval of CS+ trials, compared to CS− trials, F(1, 232) = 209.66, p < .001, .

We also found a significant stimulus × sex interaction, F(1, 232) = 11.18, p = .001, ,
which reflected a significantly larger SC response magnitude during the UCS interval of CS
+ trials for women compared to men, M = 1.18, SD = .39 vs. M = .92, SD = .39,

respectively, F(1,232) = 11.48, p < .001, . There were no other significant effects
for sex, trial, or for the interactions of sex × trial, stimulus × trial, or sex × stimulus × trial,
all Fs < 2.10, ps > .27.

Following acquisition, 24 of 31 individuals (13 men; 11 women) correctly identified the
relationship between the CS+ and shock; indicating explicit awareness of the CS–UCS
contingency in the majority of participants. The correct identification of the CS–UCS
contingency did not differ by sex, χ2 (n = 31) = .66, p = .44, UCS level, PTSD severity, or
acquisition (all ts < 1.19, ps > .18). Rerunning analyses, excluding non-aware participants,
resulted in a significant gender × stimulus interaction, F(1, 176) = 4.68, p < .05 and
significant main effect for stimulus, F(1, 176) = 48.33, p < .0001. Women reported greater
annoyance with the shock, t(1, 28) = −3.64, p < .001 and annoyance with shock was
associated with greater differential fear acquisition, r = .44, p < .05.

4. Discussion
Our findings suggest that women with PTSD had larger differential skin conductance
responses to presentations of a fear conditioned stimulus during acquisition, compared to
men with PTSD. In particular, women were more reactive to cues signaling threat compared
to men, whereas there was no sex difference in the magnitude of their responses to cues
signaling safety. In contrast, men diagnosed with PTSD exhibited elevated baseline SC
levels and enhanced responding to novel cues during habituation. These findings suggest
greater differential fear conditioning in women with PTSD, and perhaps enhanced general
fear/arousal in men with PTSD. A greater propensity to acquire a conditioned fear response
could explain the persistent emotional and physiological reactivity to cues that is
characteristic of PTSD (Pitman, 1989; Pitman et al., 2000).

In addition, women had larger SC responses to the shock UCS. However, the sex difference
in response to the shock does not fully explain the sex difference in conditioned responding
because in this fear conditioning protocol, the interval in which the CS is presented occurs
prior to delivery of the shock UCS. Since the CS interval temporally precedes the UCS
interval, the response occurs during a time in which participants may be experiencing fear or
anticipatory anxiety while expecting an aversive outcome, but are not receiving it.

An important question is whether men and women differ in their UCRs because they did not
experience shock in the same way. Some studies have found that women have a lower pain
threshold and tolerance and report higher ratings of pain intensity and unpleasantness in
experimental manipulations of pain (Fillingim et al., 2009). To control for potential
differences in pain sensitivity, participants were asked to self-determine a level of shock that
they found “highly annoying but not painful”. Despite this, women still reported
significantly higher annoyance with shock exposure following the task. In the future,
examining conditioning to other types of non-painful stimuli (e.g., airpuff) would provide
additional evidence to confirm that sex differences in the cued conditioned response was due
to associative learning irrespective of potential differences in sensitivity to stimuli.

Another question is whether greater responsiveness to unconditioned and conditioned
stimuli in women was due to greater perceived threat and anticipation in general, since prior
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studies have shown that threat of shock (Spence et al., 1954) and attentional biases toward
threat (Fani et al., 2012) were associated with greater acquisition of conditioned fear.
Consistent with this possibility, prior to the conditioning task, women tended to select
slightly lower levels of shock and reported marginally more fear of receiving the shock and
greater state anxiety although these were nonsignificant trends. However, this was not
corroborated by physiological evidence, since there was no association with fear acquisition
and men had higher SC levels during baseline and habituation. Thus, it does not appear that
threat and global anticipatory anxiety explains differences in acquisition.

The heightened conditionability observed in this sample of women with PTSD stands in
contrast to the sex differences in fear acquisition that has been found in some studies of
healthy, non-trauma exposed humans in which females tend to either not differ from males
or exhibit lower conditioned responding. One possible explanation for this difference is that
greater fear conditioning in women could be a marker of vulnerability that is specific to
those exposed to trauma who develop PTSD. A promising candidate that may explain a sex-
specific vulnerability to greater fear conditioning and PTSD is pituitary adenylate cyclase-
activating polypeptide (PACAP), a peptide that modulates stress circuits in the brain and
throughout the periphery, and is modulated by estrogen. Ressler et al. (2011) reported a sex-
specific association between PACAP and fear conditioning in traumatized women. Women,
but not men, with higher levels of PACAP had greater PTSD symptom severity and startle
to both CS+ and CS− cues in a fear-potentiated acoustic startle conditioning paradigm,
suggesting impaired fear discrimination. Furthermore, variation in a gene SNP encoding for
the PAC1 receptor that is in an estrogen response element (ADCYAP1R1 rs2267735) was
also associated with greater reactivity to the CS− (indicating decreased fear discrimination)
and with PTSD in women, but not in men.

Estrogen has also been found to have regulatory actions on adrenergic, GABAnergic, and
serotonergic systems (McEwen, 2002). Inhibitory interneurons within the amygdala,
vmPFC, and hippocampus are rich with receptors for estrogen (Goldstein et al., 2001).
Estrogen administration to ovariectomized mice has been found to enhance contextual
conditioning (Jasnow et al., 2006), facilitate cued fear conditioning (Jasnow et al., 2006) and
trace eyeblink conditioning (Leuner et al., 2004). NMDA and glucocorticoid-mediated
mechanisms of learning and memory in fear conditioning and extinction may be affected by
estrogen; estrogen has been shown to increase NMDA receptor transmission and long-term
potentiation (Smith and McMahon, 2005) and regulate HPA axis function (Chrousos et al.,
1998). While studies have found that higher estrogen levels were associated with greater
extinction retention in healthy humans (Milad et al., 2010) and low estrogen levels have
been associated with extinction deficits in women with PTSD (Glover et al., 2012), no
associations were found for fear acquisition.

Alternatively, enhanced conditioning observed in women may be acquired with trauma
exposure. Since our study was cross-sectional it is unknown whether enhanced acquisition
of conditioned fear in women predates trauma exposure and confers risk, is a consequence
of trauma exposure, or a correlate of symptomatology. More prospective studies of high-risk
individuals will be important to disentangle possible temporal or causal relationships in
conditionability and the possibility that it varies by sex prior to trauma exposure.

There are several limitations of this study to consider. Because we wanted to limit the
possible effects of changes in reproductive hormones on fear conditioning, women were
scheduled for the conditioning task during the early follicular phase, although a minority of
women did not have regular menstrual cycles or were on hormonal birth control. Menstrual
status information was obtained by self-report and not confirmed by blood levels of
hormones, limiting conclusions regarding the role of menstrual phase or status on fear
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conditioning. In addition, other studies have found that deficits in extinction retention are
associated with PTSD and differ by sex in healthy individuals (Milad et al., 2006, 2010). In
the future, we hope to include extinction and extinction retention tests in our research.
Despite these limitations, our findings along with mounting evidence of sex differences in
fear conditioning and extinction in healthy humans (Guimaraes et al., 1991; Milad et al.,
2006, 2010), structural and functional sex differences in fear networks in the brain
(Felmingham et al., 2010; Goldstein et al., 2001), and a hormonal milieu that influences
aspects of conditioning processes (Glover et al., 2012; Jasnow et al., 2006; Milad et al.,
2009, 2010; Zeidan et al., 2011) suggest that there may be important sex differences in fear
conditioning that are relevant to PTSD.
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Fig. 1.
A) Timeline of study procedures. Day 1: screening for psychiatric and medical history and
setting US. Level ranged from .5 to 5.0 mA and self-determined to be “highly annoying but
not painful”. Day 2: fear conditioning task: habituation (10 colored circles alone) was
followed by acquisition (10 colored circles that were paired (CS+) or unpaired (CS−)) with
US (US duration: 500 ms shock; CS duration: 8 s, intertrial interval (ITI) = 20 − 5 s). (B)
Diagram to represent timing and measurement within the conditioned stimuli (CS+ and CS
−) trial types during Acquisition. The SC response score for each CS interval was obtained
by subtracting the mean level for the 2 s immediately preceding CS onset from the highest
value among those recorded during the 8 s CS interval. The SC response score for the
interval containing the UCR was obtained by subtracting the average SC level within 6–8 s
following CS onset, from the maximum increase in SC level during the .5–6.5 s interval
following CS offset (corresponding to the onset of the .5 s US).
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Fig. 2.
Men and women group mean skin conductance response scores for (A) the conditioned
stimulus (CS) intervals of CS+ and CS− trials during habituation and acquisition and (B) the
unconditioned stimulus intervals of CS+ and CS− trials during the acquisition phase. Data is
square-root transformed. Error bars represent standard error.
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Fig. 3.
Differential scores (CS + minus CS−) for the conditioned stimulus (CS) intervals during the
acquisition phase for men and women.
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Table 1

Sample characteristics.

Men
(n = 18)

Women
(n = 13) Contrasts

N (%) or M (SD) t(29) or χ2 P

Age 39.3 (11.5) 33.0 (11.9) 1.49 .15

Education 6.69 .08

 Some HS/HS grad/GED 3 (16.7%) 0 (0%)

 Some college 9 (50.0%) 5 (38.5%)

 AA/BA/BS 5 (27.8%) 3 (23.1%)

 Post-graduate educ. 1 (5.6%) 5 (38.5%)

Ethnicity/race 7.27 .12

 Caucasian 11 (61.1%) 7 (53.8%)

 Black/African American 1 (5.6%) 1 (7.7%)

 Asian 0 (0%) 3 (23.1%)

 Hispanic 4 (22.2%) 0 (0%)

 Multi racial 2 (11.1%) 2 (15.4%)

CAPS total score (0–136) 61.2 (17.0) 66.0 (20.8) −.71 .48

Subsyndromal PTSD 5 (28.8%) 3 (23.3%) .09 .77

Comorbid major depression 2 (11.1%) 4 (30.8%) 1.87 .17

Childhood traumaa 12 (66.7%) 10 (76.9%) .34 .53

SSRIs 3 (16.7%) 1 (7.7%) .54 .46

Other antidepressants 1 (5.6%) 1 (7.7%) .06 .81

Psychophysiology measures

UCS level (.5–5.0 mA) 3.20 (1.73) 2.04 (1.91) 1.75 .09

SC resting level (sqrt uS) 1.94 (.47) 1.37 (.42) 3.41 .002

OR (sqrt uS) .49 (.34) .40 (.25) .85 .40

UCR (sqrt uS) .93 (.38) 1.18 (.48) −1.60 .12

Note: CAPS, Clinical Administered PTSD Scale; SSRIs, selective serotonin reuptake inhibitors; UCS level, unconditioned stimulus level: the
highest level of stimulation that participants self-selected to be “highly annoying but not painful”; SC resting level, resting baseline skin
conductance: mean SC level during 5 min rest period; OR, orienting response: SC response average to first presentation of the CS+ and CS− during
the habituation phase; UCR, unconditioned response: average UCR for CS+ trials during the acquisition phase. SC variables were square-root
transformed prior to analysis (for a negative SCR, the square-root of the absolute value was calculated and given a negative sign).

a
Childhood trauma-exposure was determined from responses to the LSC-R. Based on the extant literature, we considered those participants as

childhood trauma-exposed who experienced traumatic life events with serious personal life threat or physical harm to the self (Elzinga et al., 2003;
Otte et al., 2005; Pole et al., 2007) prior to the age of 14 years (Otte et al., 2005).

J Psychiatr Res. Author manuscript; available in PMC 2014 January 01.


