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Objective: To investigate in trauma survivors the predictive validity of heightened physiological responsivity to script-driven
imagery for the development of posttraumatic stress disorder (PTSD) and to evaluate the interactive effect of survivors’ sex.
Physiological responses to idiosyncratic trauma reminders may be predictive of later PTSD. The majority of previous studies have
been cross sectional and have produced mixed findings. Sex differences may contribute to this heterogeneity. Methods: Heart rate
(HR) and respiratory sinus arrhythmia were measured at 2 weeks post trauma in 158 assault survivors during baseline and as they
listened to an idiosyncratic trauma script. At 6 months, 15.2% of male and 28.1% of female participants met the diagnostic criteria
for PTSD. Results: Generalized linear model and logistic regression analyses showed that HR response to script-driven imagery
and sex interacted in predicting PTSD symptom severity at 6 months. Women had greater PTSD symptom severities overall. Female
HR responders to script-driven imagery showed the highest PTSD symptom severities and were almost three times more likely to
develop PTSD at 6 months compared with men and female nonresponders (odds ratio, 2.72; 95% confidence interval, 1.13– 6.57).
Respiratory sinus arrhythmia responder type did not predict PTSD (odds ratio, 0.64; 95% confidence interval, 0.30 –1.33).
Conclusion: Female trauma survivors who respond to trauma reminders with increased HR may be at particular risk of developing
PTSD. Physiological reactivity to trauma cues may be a useful index for screening and prevention of PTSD. Key words:
posttraumatic stress disorder, anxiety disorder, script-driven imagery, heart rate, heart rate reactivity, heart rate variability,
psychophysiology, prediction.
BMI ! body mass index; PTSD ! posttraumatic stress disorder;
SCID ! Structured Clinical Interview for Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition; PSSI ! PTSD Symptom Scale-Interview Version; RSA ! respiratory sinus arrhythmia;
OR ! odds ratio; CI ! confidence interval.

INTRODUCTION
n the initial days and weeks after a traumatic event, most
trauma survivors experience a prolonged physiological fear
response, characterized by increased heart rate (HR) and skin
conductance, or blood pressure (1,2). Although the majority of
survivors recover within days or weeks, some continue to
show persistent physiological arousal when exposed to
reminders of the event (3). Such persisting physiological reactions to trauma reminders are among the symptoms of
posttraumatic stress disorder (PTSD). They have been interpreted as an effect of fear conditioning, a universal learning
process present in both animals and humans (4). The traumatic
event may act as an unconditioned stimulus that elicits strong
unconditioned fear, helplessness, and corresponding physiological responses. Stimuli present at the time of the trauma can
become associated with the trauma (conditioned stimuli) and
subsequently trigger similar reactions, such as increases in
HR, respiratory rate, and electrodermal activity. One hypothesis drawn from this model is that those who adapt successfully to a traumatic event have effectively gone through
extinction learning, i.e., they have engaged in new learning
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that inhibits the initial fear response. Those with PTSD may
fail in extinction learning and remain to show conditioned fear
responses in the presence of trauma reminders.
An open question is whether early physiological responses
to trauma reminders predict later PTSD, and if so, whether
they can be used to screen for individuals who need early
intervention after trauma (5). One way to investigate responses to trauma reminders in the laboratory is the scriptdriven imagery, a paradigm developed by Lang and colleagues
(6) and adapted to the study of PTSD (7–10). Participants
listen to an audiotaped script describing their traumatic event
in present tense as their physiological responses are measured.
Cross-sectional studies comparing trauma survivors with and
without PTSD have tended to find heightened physiological
arousal during such personalized trauma-related imagery in
those with PTSD (8 –10). Moreover, successful therapy of
PTSD was associated with normalized HR response to trauma
imagery (11).
Although a number of studies investigated whether resting
HR shortly after the trauma predicts later PTSD (5,12), there
is a lack of longitudinal studies investigating whether early
physiological responses to trauma reminders are predictive.
Only few studies found that HR reactivity early after trauma,
i.e., 1 week (12) or 1 to 4 months post trauma (13) significantly predicted PTSD at follow-up.
Overall, however, the above studies showed considerable
heterogeneity, and a few studies (2,14 –16) reported less psychophysiological reactivity in the PTSD group compared with
those without PTSD. A recent meta-analysis of 22 studies of
psychophysiological responses to idiosyncratic trauma cues in
trauma survivors with and without PTSD reported a mean
association between PTSD and HR reactivity of r ! .22
(weighted mean effect size: range, r ! ".03–.70) (17).
The remarkable heterogeneity in response to script-driven
imagery in trauma survivors with and without PTSD warrants
further exploration. Part of the discrepancies between studies
may be due to differences in methodology, but also to sample
characteristics, and to the timing of physiological assessment.
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Most previous studies have been unable to explore variables
contributing to heterogeneity, as sample sizes were rather
small (the median sample size in the meta analysis of Pole et
al. was n ! 28), or too homogeneous (e.g., a large study of
veterans (n ! #150) (8).
One candidate moderator of HR responses in PTSD is sex,
as acquisition and extinction of fear may differ between men
and women according to a number of preclinical and clinical
studies (18 –21). Women may be more physiologically reactive to stressors than men (22,23). During trauma, women may
experience greater physiological reactivity. Strength of this
unconditioned response may be predictive of the conditioned
response, and greater peritraumatic physiological reactivity
may lead to increased HR reactivity to trauma reminders in
females and, thus, may be related to subsequent PTSD. This is
in accord with epidemiological studies that found a higher
PTSD prevalence in female than in male trauma survivors,
with odds ratios (ORs) ranging from 1.64 to 4.08 (24,25). Sex
differences in psychophysiological responses may contribute
to women’s greater risk of developing PTSD, and early physiological responding to trauma reminders may be differentially related to later PTSD in men and women.
The present study investigated whether HR response to
script-driven imagery of the trauma at 2 weeks predicts PTSD
at 6 months. The sample comprised a relatively large number
of male and female assault survivors, permitting an analysis of
whether sex interacts with physiological responses to the
trauma script in predicting PTSD. Additionally, we explored
whether decreased respiratory sinus arrhythmia (RSA), either
at baseline or in response to trauma scripts, is related to later
PTSD. RSA is one component of HR variability and quantifies
the rhythmic oscillation of HR related to phases of breathing.
It is associated with vagal efferent effects on the sinoatrial
node and is a well-accepted marker of parasympathetic (or
vagal) control of HR (26). The rapid application and withdrawal of vagal inhibition are thought to be an important
substrate for flexible behavioral routines (27,28). Individuals
with lower basal RSA or attenuated RSA responsivity may
show regulatory deficits, such as compromised HR recovery
after stress-induced HR elevations, for instance, in the presence
of trauma reminders. It is possible that such a regulatory deficit
sustains conditioned fear responses and contributes to enduring
reactivity to trauma reminders in PTSD and, thus, to a heightened
risk of chronic PTSD. Accordingly, low RSA has been associated
with negative mental health outcomes, including anxiety (29).
Finally, the study explored associations of sex and physiological responses with socioeconomic, peritraumatic, and posttraumatic variables that have been shown to have robust effects in the
prediction of chronic PTSD, namely, socioeconomic status and
demographic variables, peritraumatic fear for life, mental defeat
(30), dissociation, and social support (31,32).
METHODS
Participants
The study was approved by the local ethics board. A total of 1,063 assault
survivors who attended the Emergency Department of a large urban teaching
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hospital in London, United Kingdom, from July 2003 to December 2004 were
contacted, of whom 389 did not fulfill the inclusion criteria and 197 declined
to take part. Another 255 were initially interested but failed to schedule or
attend the research session within the designated time period. A total of 222
participants consented to participate in a research session at 2 weeks after the
assault, and 158 (n ! 101 men, 57 women) took part in the script-driven
imagery task. There were no significant differences between the study sample
and a random sample of assault survivors drawn from the same Accident and
Emergency Department in terms of age, sex, or severity of injuries as assessed
by triage category. To be eligible for the study, participants had to speak
English fluently enough to be able to answer interview questions and complete questionnaires. Participants with current psychosis, alcohol dependence,
ongoing domestic violence, and no memory of the assault were excluded.
Three participants had to be excluded from the analyses due to potential
confounding impact of their current medication on cardiovascular activity
(glucosamine, lithium, diazepam, ! blockers) so that the final sample size was
155 (n ! 99 men, 56 women). Nearly all assaults were physical assaults, only
2% were sexual assaults.

Script-Driven Imagery Task
Participants listened to an audiotaped description of their assault that was
constructed to last 2 minutes and included both a description of the event and
the participants’ cognitive and bodily responses. Scripts, composed and
recorded by the experimenter (B.K.) in a neutral tone of voice, described the
trauma in the second person and the present tense. They were constructed
following the guidelines by Blanchard et al. (7), building on a trauma
narrative that participants had provided earlier in the session. Participants
were instructed to close their eyes, listen carefully to the script, and imagine
the event as vividly as possible.

HR Recording
HR (in beats per minute [bpm]) was recorded continuously for 3 minutes
during baseline and for 2 minutes during script-driven imagery, using a HR
monitor (S830, Polar Electro, Vantaa, Finland), which consists of a chest band
and a wrist receiver. This Polar monitor has been shown to reliably assess
consecutive interbeat intervals (IBI) with millisecond accuracy during rest as
well as activity (33). Recorded data were transferred to a personal computer
and subsequently examined using ANSLAB version 4.0 (Wilhelm FH, Peyk
P, 2005. ANSLAB: Autonomic Nervous System Laboratory, Version 4.0.
Available at the SPR Software Repository, http://www.sprweb.org). Artifacts
from ectopic or missed beats ($3% of total measurement time) were detected
as outliers appearing as spikes from the adjacent IBI curve, deleted, and
interpolated from adjacent measurements. HR was calculated as 60,000/IBI.
The software also computed RSA as the high frequency (0.15– 0.50 Hz)
spectral power density (in log ms2) of IBI variability, following established
guidelines.

Questionnaire Measures and Clinical Interview
Ratings of Responses During Script-Driven Imagery
Immediately after listening to their trauma script, participants rated the
extent to which they had relived the experience (1 item), felt irritated (1 item),
and had dissociated while listening to the tape, each on a scale from 0 (not at
all) to 10 (very much) (3 items, " ! 0.85).

General Information Questionnaire
This questionnaire was adapted from Halligan et al. (34) to assess demographic and assault characteristics (age, ethnic background, marital status,
socioeconomic status, education, body mass index [BMI], smoking).

Peritraumatic Emotions and Cognitions
Participants rated how much fear and panic attack symptoms they had felt
and the extent to which they had believed that they would die during the
assault. Each item was rated on a scale from 0 (“not at all”) to 4 (“very
strongly”). Mental defeat during the assault was assessed with the Mental
Defeat Scale, a self-report questionnaire assessing the perceived loss of all
Psychosomatic Medicine 72:917–924 (2010)
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autonomy during the trauma, consisting of 11 items, such as “I no longer felt
like a human being” or “In my mind, I gave up” that has been shown to predict
PTSD (" ! 0.90) (30,35). Dissociation during the assault was assessed with
the State Dissociation Questionnaire (36) (" ! 0.88), a nine-item scale
assessing different aspects of dissociation, such as derealization, depersonalization, detachment, altered time sense, emotional numbing, and reduction of
awareness in surroundings. This measure has been shown to predict PTSD
after motor vehicle accidents and assault (36). It correlates strongly with the
Peritraumatic Dissociation Scale; r ! .79 (34).

Social Support
Perceived social support was measured using the Crisis Support Scale
(37), which has been shown to have an adequate internal reliability (38).

Rumination
The responses to Intrusions Questionnaire was used to measure and
rumination (" ! 0.84). Participants rated on a scale from 0 (“not at all”) to 4
(“very strongly”) how much each statement applied to them. The scales have
adequate reliability (" #0.70) and predictive validity in a range of studies
(36,39).

PTSD Symptom Scale-Interview Version
PTSD symptom severity at 6 months was assessed by the experimenter
(B.K.) with the PTSD Symptom Scale-Interview Version (40). The interviewer rated each of the PTSD symptoms on a scale from 0 (“not at all”) to
3 (“#5 times per week/very much”). The total PTSD Symptom ScaleInterview Version score is the sum of the ratings for the 17 items. Interrater
reliability for PTSD diagnosis was high ($ ! 0.82, based on 56 interviews).

PTSD Diagnostic Scale
Severity of initial PTSD symptoms at 1 month was assessed with the
Posttraumatic Diagnostic Scale (41), a standardized and validated self-report
measure of PTSD symptom severity that has been widely used with clinical
and nonclinical samples of traumatized individuals. The Posttraumatic Diagnostic Scale asks participants to rate 17 items regarding how much they were
bothered by each of the PTSD symptoms specified in Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition ranging from 0 (“never”) to
3 (“#5 times per week/very severely”). Internal consistency in this sample
was " ! 0.92.

Injury Severity
Participants rated the severity of their assault-related injuries on a scale
from 0 (“very mild”) to 10 (“very severe/life threatening”). Injury severity
was also indexed with the Injury Severity Score (42), an anatomical scoring
system that provides an overall score for patients with multiple injuries. A
trained research nurse coded participants’ injuries on the basis of hospital
notes.

Procedure
The script-driven imagery task was conducted at the end of an experimental session, after being seated in the laboratory for around 2 hours. During
this session, participants had completed questionnaires relating to the assault,
an experimental priming task, and an autobiographical memory task; these
results are reported elsewhere (43,44). Participants were given a break before
being fitted with the HR recording equipment.

Data Analysis
HR reactivity was computed as mean HR during baseline subtracted from
the mean HR during the script-driven imagery task. Participants were dichotomized into HR responders (HR response, #0 bpm) versus HR nonresponders
(HR response, %0 bpm). Because RSA is a measure of vagal activity and is
typically reduced during stressful responding, RSA responders were characterized by RSA decreases during tape compared with baseline, and participants were dichotomized into RSA responders (RSA response, $0 ms2), and
RSA nonresponders (RSA response, #0 ms2). SPSS 15.0 was used to comPsychosomatic Medicine 72:917–924 (2010)

pute univariate general linear models to test for differences in PTSD symptom
severity at 6 months depending on responder type (responder versus nonresponder) and sex. Variables that differed significantly between male and
female participants were included as covariates. Additional logistic regression
analyses provided ORs for the likelihood of developing PTSD depending on
responder type and sex. The " levels were set to 0.05 for all analyses.

RESULTS
Sample Characteristics and Baseline HR and RSA
Table 1 presents demographic, clinical, and assault sample
characteristics. Men and women did not differ in these variables, with the exception of age and BMI. Women were on
average 5 years younger than men (p ! .01), and had a lower
BMI (p ! .047). Women showed a significantly higher HR
during baseline (mean ! 70.75, standard deviation [SD] !
10.12 versus mean ! 65.52, [SD] ! 10.38, respectively,
F(158) ! 9.22, p ! .003). There were no significant sex
differences in baseline RSA (mean [in log ms2] ! 7.27, SD !
1.32). Of the demographic variables shown in Table, 1, nonwhite Ethnicity (r ! .23, p ! .001), lower income (r ! .27,
p $ .001), lower education level (r ! .31, p $ .001), as well
as self-reported alcohol/drug intoxication during assault (r !
".24, p ! .001), and longer assault duration (r ! .29, p $
.001) correlated with PTSD severity at 6 months. Furthermore,
self-reported dissociation, vividness, and sense of irritation
during listening to the tape correlated with PTSD symptom
severity at 6 months (all r $ .38, p $ .001).
Responses to Script-Driven Imagery
Men and women did not differ in their subjective responses
during script-driven imagery (Table 1). The mean baseline HR
(in bpm) was 67.41, SD ! 10.56, and the mean HR during
script-driven imagery was 67.07, SD ! 10.89. The mean
baseline RSA was 7.21, SD ! 1.37, and RSA during scriptdriven imagery was 7.14, SD ! 1.38. Thus, for the total
sample, participants’ HR during the imagery task was not
different from that during baseline, t ! 0.94, p ! .34. Women
showed a significantly higher HR during script-driven imagery than men (mean ! 70.33, SD ! 11.00 versus M ! 65.23,
SD ! 10.42, F(158) ! 8.24, p ! .005). RSA during scriptdriven imagery was lower than during baseline, t(154) ! 2.15,
p ! .03.
Baseline HR and RSA Responses, Responses to
Trauma Scripts, Sex, Psychological Variables, and
PTSD Outcome at 6 Months
Neither baseline HR nor baseline RSA predicted PTSD
at follow-up, in either the male or the female sample,
Male—HR: OR, 1.03, 95% confidence interval (CI), 0.99 –
1.08, p ! .19; RSA: OR, 0.83, 95% CI, 0.59 –1.20, p ! .33,
Female—HR: OR, 1.05, 95% CI ! 0.99 –1.11 p ! .10;
RSA: OR, 0.87, 95% CI, 0.58 –1.31, p ! .50.
Seventy-four (47.7%) participants showed an increased HR
as they listened to the tape compared with baseline (responders’ mean HR response ! 2.88, SD ! 2.89), and were classified as responders, the remaining participants’ HR during
tape was largely unchanged or even reduced during the script,
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TABLE 1. Demographic, Clinical, and Assault Sample Characteristics (n ! 155)
Men (n ! 99)
M (SD) or n (%)
Variable
Age, years
BMI,a kg/m2
Race
White
Other
Socioeconomic statusb
Very low income (%£5,000)
Low income (#£5,000–£15,000)
Moderate income (#£15,000–£30,000)
High income (#£30.000)
No information
Marital status
Married/in long-term relationship
Single/no long-term relationship
No information
Education, years
PTSD at 6 months (n ! 146)
Met diagnostic criteriac
PTSD symptom severity
Assault duration, minutes
Subjective injury severity (range, 0–10)
Injury Severity Score
Hospital admission,d yes
Weapon used, yes
Alcohol intoxication during assault, yes
Days since assault at script-driven imagery
Mental defeat during assault (range, 0–4)
Rumination post assault (range, 0–24)
History of anxiety or depression, yes
Dissociation during tape (range, 0–10)
Vividness/sense of reliving during tape (range, 0–10)
Sense of irritation during tape (range, 0–10)

Women (n ! 56)
M (SD) or n (%)

Statistical Tests

36.2
24.1

(10.9)
(4.4)

31.5
22.5

(11.5)
(4.4)

F(1,154) ! 6.44, p ! .012
F(1,143) ! 4.02, p ! .047

61
38

61.6%
38.4%

35
21

62.5%
37.5%

&2(1) ! 0.01, p ! .527

23
30
21
18
0

23.2%
30.3%
21.2%
18.1%
0%

18
16
14
5
3

32.1%
28.6%
25.0%
8.9%
5.4%

&2(4) ! 5.59, p ! .589
—

42
56
1
15.1

42.4%
56.6%
1.0%
(6.0)

19
37
0
14.0

33.9%
66.1%
0%
(5.5)

&2(3) ! 0.28, p ! .360

F(1,134) ! 1.07, p ! .302

15
9.4
7.8
5.0
1.4
18
47
46
18.5
1.09
9.45
34
2.5
3.5
3.5

15.2%
(10.4)
(8.9)
(2.5)
(1.4)
22.8%
47.5%
46.9%
(7.5)
(1.03)
(5.24)
35.1%
(2.6)
(3.0)
(2.7)

16
12.3
9.8
4.3
1.1
5
14
21
17.3
1.40
8.39
23
3.1
4.2
3.9

28.1%
(10.1)
(9.9)
(2.4)
(0.2)
10.6%
25.0%
37.5%
(7.4)
(1.03)
(4.54)
43.4%
(2.4)
(3.1)
(2.9)

&2(1) ! 4.53, p ! .029
F(1,143) ! 1.96, p ! .164
F(1,153) ! 1.63, p ! .204
F(1,137 ) ! 2.89, p ! .092
F(1,106) ! 2.48, p ! .118
&2(1) ! 3.35, p ! .188
&2(1) ! 2.79, p ! .111
&2(1) ! 1.29, p ! .167
F(1,154) ! 0.84, p ! .360
F(1,151) ! 3.18, p ! .076
F(1,132) ! 1.42, p ! .236
&2(1) ! 0.38, p ! .203
F(1,154) ! 1.88, p ! .172
F(1,154) ! 1.95, p ! .165
F(1,154) ! 0.75, p ! .387

a

Body mass index.
Combined household income.
c
Missing data at the time of follow-up: 6 for male, 0 for female subsample.
d
Hospital admission post treatment at the scene of the accident and in the emergency department was available for 126 participants.
M ! mean; SD ! standard deviation; BMI ! body mass index; PTSD ! posttraumatic stress disorder.
b

Figure 1. Mean posttraumatic stress disorder symptom severity (PSSI score)
and standard error for male and female heart rate responders and nonresponders. HR responder ! heart rate increase during script-driven imagery;
HR nonresponder ! no increase or heart rate decrease during script-driven
imagery; PSSI ! PTSD Symptom Scale-Interview Version. *p $ .05.
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and they were classified as nonresponders (nonresponders’
mean HR response ! "3.36, SD ! 3.27). Forty-nine men
(49.5% of male subsample) were classified as responders, and
25 women (44.6% of female subsample), &2 ! 0.34, p ! .62.
Age, BMI, and initial PTSD symptom severity were included as covariates in the following analyses. The generalized linear model of PTSD severity at 6 months with the
factors HR responder type at 2 weeks, heightened baseline HR
(median split), and sex showed no significant main effect of
heightened baseline HR, p ! .076, HR responder type, p !
.20, age, p ! .053, BMI, p ! .43, but a significant effect of
initial PTSD symptom severity, F(1,143) ! 74.42, p $ .001,
sex, F(1,143) ! 3.95, p ! .049, and a significant HR responder type % Sex interaction, F(1,143) ! 4.64, p ! .033.
The results are shown in Figure 1. Women had higher PTSD
symptom severity at 6 months than men, and female HR
responders had the highest PTSD symptom severity, higher
than all other subgroups, all p $ .03.
Psychosomatic Medicine 72:917–924 (2010)
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As reported previously, mental defeat during trauma, rumination, and a history of anxiety disorders or depression
were strong predictors of PTSD severity at 6 months (43). In
a separate analysis, we included these psychological predictors, i.e., history of depression or anxiety, peritraumatic
mental defeat, and rumination after the assault as factors,
controlling for variables from Table 1 that significantly correlated with PTSD symptom severity. The interaction between
HR responder type and sex remained significant, F ! 4.36,
p ! .040. Other significant factors were history of anxiety or
depression, F ! 5.15, p ! .026, and rumination, F ! 14.33,
p $ .001. The interaction between responder type and sex also
remained significant when we included emotions during listening to the tape as covariates in a separate analysis, F !
5.78, p ! .018.
Logistic regression analyses showed that female HR responders were almost three times more likely to develop
PTSD at 6 months compared with the combined rest of the
sample (OR, 2.72; 95% CI, 1.13– 6.57; p ! .03), and almost
six times more likely to develop PTSD than male responders
(OR, 5.80; 95% CI, 1.36 – 24.67; p ! .02).
Parallel analyses investigating RSA responses and sex in
the prediction of PTSD severity at 6 months revealed no effect
of RSA responder type, OR ! 0.64, 95% CI ! 0.30 –1.33,
p ! .248, a marginally significant effect of Sex, p ! .09, and
no interaction between RSA responder type and sex, p ! .34.
Sixty-three men (63.6% of male subsample) were classified as
responders, and 28 women (50% of female subsample), &2 !
2.37, p ! .129.
Socioeconomic Variables, and Peritraumatic
Cognitive and Emotional Variables Characterizing
Female HR Responders
We compared socioeconomic, peritraumatic cognitive, and
peritraumatic emotional variables for female responders with
those for the remaining subgroups, i.e., female nonresponders,
male responders, and male nonresponders. Female responders
did not differ from the other groups in terms of socioeconomic
status, years of education, social support, smoking, drug and
alcohol consumption (all p # .09). However, they reported
more fear during the assault and more peritraumatic mental
defeat; i.e., they were more likely to perceive a complete loss
of autonomy during the assault (all p $ .04). Female responders reported more peritraumatic panic than male responders
and nonresponders, p $ .01, but did not differ significantly
from female nonresponders, p ! .20 Groups did not differ on
peritraumatic dissociation, p ! .76, or dissociation while
listening to the tape, p ! .53.
DISCUSSION
This study investigated whether HR responses to scriptdriven imagery at 2 weeks after assault predict PTSD symptom severity at 6 months. To our knowledge, previous studies
(17,45) have not specifically investigated sex differences in
HR responses to script-driven imagery in the prediction of
PTSD. The present study found that HR response to scriptPsychosomatic Medicine 72:917–924 (2010)

driven imagery was predictive of later PTSD in women, but
not in men, even when known psychological predictors were
controlled for. Being female was related to higher PTSD
symptom severity at 6 months. This finding is consistent with
epidemiological studies reporting higher PTSD prevalence
rates in female than in male trauma survivors (46,47). Female
HR responders were almost three times more likely to meet
diagnostic criteria for PTSD at 6 months compared with the
rest of the sample, and almost six times more likely to develop
PTSD than male responders. RSA responder type or its interaction with sex was not predictive of later PTSD. The relationship of RSA with cardiac vagal control can be confounded
by respiratory variations, which we did not measure and thus
were unable to adjust for (48). This may have added error
variance in the prediction of PTSD by vagal responding.
Moreover, cardiac responses are a function of the combined
activity of the two autonomic branches (49). Thus, the observed changes in HR reflect the net outcome of both sympathetic and parasympathetic efferents. On the other hand, RSA
is an index of only cardiac vagal control. The fact that HR
responding to trauma imagery is more predictive of later
PTSD than RSA responding may well indicate that sympathetic reactivity, but not parasympathetic reactivity, is important for predicting the development of PTSD. In future studies,
it may thus be advisable to include a pure index of sympathetic responsivity, such as cardiac preejection period.
Several factors may put female assault survivors with increased HR responses to trauma reminders at heightened
PTSD risk. First, female HR responders differed from female
nonresponders and male subgroups in a number of peritraumatic responses. They reported more fear and greater mental
defeat during the assault, which is in accord with conditioning
theories of PTSD that would predict that greater strength of
the emotional response during the trauma (the unconditioned
response) is associated with more potent conditioning and
subsequently greater strength of emotional responses to reminders (the conditioned responses). Interestingly, there were
no group differences in dissociation, neither peritraumatically,
nor during script-driven imagery. Thus, dissociation, which
has previously been found to be related to decreased HR
responses in some studies (50), did not seem to affect HR in
this study. Second, there may be sex differences in the ease
with which conditioned responses are acquired or extinguished. Differences in fear acquisition do not fully explain
the pattern of findings observed in this study, as the majority
of studies (18,51) showed greater fear conditioning in men
than in women, although female responders in our study
reported more peritraumatic fear and panic. Moreover, stress
facilitates classical conditioning in male rats, immediately
after the stressor as well as 24 hours later, whereas the opposite effect is found in females (52). The more likely explanation are differences in extinction of learned fear responses.
Women show slower extinction than men, especially when
assessed at midcycle (18). Female survivors may, therefore,
differ from their male counterparts in unlearning associations
between stimuli and feared outcome after their trauma. The
921
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findings of Milad and colleagues (18) also highlighted the
importance of sex hormone levels and their interaction with
physiological indices for the effects of stress and trauma on
women; some authors (52) have even proposed that the presence of gonadal hormones during early development may
influence the effect of stress later in life, and the direction of
that effect. The present study did not measure the influence of
hormones, or phase of menstrual cycle, so that it would be
promising to include these variables in future research exploring sex differences in HR responses to trauma reminders.
Third, coping styles after the acute trauma phase, possibly
during the first weeks and months post trauma, may play an
important role. Women with high physiological reactivity may
choose more avoidant and less functional coping styles, such
as cognitive or behavioral avoidance of trauma reminders,
rather than more beneficial coping styles, such as positive
reframing, venting, and use of emotional support (53), which
may over time lead to heightened PTSD symptoms in the
subgroup of female responders.
If replicated, our finding of high PTSD rates in female HR
responders may have practical implications. First, early HR
responses to trauma reminders could potentially help identify
those that need intervention after traumatic events (5), especially in situations where there is reason to believe that people
may overreport or underreport symptoms. Multichannel psychophysiological assessment in the laboratory is cost- and
labor-intensive and may, therefore, not be feasible in practice
(54). However, a simple and inexpensive tool, such as the
Polar watch used in the current study, may help to identify
trauma survivors at risk of later PTSD. Responder type may be
assessed by clinicians. In females, this information explained
additional variance in later PTSD symptom severity, over and
above initial PTSD symptom severity.
Our results may also have specific implications for intervention strategies. If further studies confirm that physiological
reactivity to imagery of the traumatic event is related to PTSD
risk in female trauma survivors, ways of reducing physiological arousal may be a key strategy for prevention of PTSD in
this subgroup. Administration of propranolol after trauma
memory retrieval or script-driven imagery has recently been
shown to reduce physiological responding during subsequent
mental imagery of the event (55,56). This may not be the only
biological approach. Other avenues of early intervention consist of cognitive behavior therapy, including exposure-based
approaches (58 – 60) or exposure to trauma memories early
post trauma (61), with the latter awaiting empirical validation
in further clinical trials. Such interventions could be delivered
specifically to those at risk, such as female trauma survivors
with heightened HR reactivity in response to trauma cues.
The present study is not without limitations. Among the
strengths is the longitudinal design, the relatively large number of participants, the use of reliable structured interviews to
establish PTSD symptom severity, and the early and standardized assessment of script-driven imagery. HR and RSA were
the only indices of physiological response to script-driven
imagery here; in future studies, assessment of eye-blink startle
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orbicularis oculi electromyogram, facial muscle electromyogram (especially m. corrugator), electrodermal indices, or
frontal electroencephalogram alpha asymmetry may provide
additional predictive information. Moreover, HR was assessed
during baseline and script-driven imagery with a small and
minimally invasive HR monitor (Polar 830i), which has been
shown to assess reliably IBI, but more advanced assessment
methods, such as a full electrocardiogram may optimize assessment of the HR signal and allow for a more refined
analysis of HR variability. Interestingly, a number of participants responded with decreased HR in response to the trauma
script. This may be related to a disgust reaction to the script.
Such responses may be moderated by gender (62) and have
often been used to explain such HR decreases, but we did not
assess disgust-related responses in the present study. Other
important variables that could be included in further studies
are childhood trauma history, as well as premorbid and comorbid depression. A control script may also be included to
test for the specificity of the effect to the trauma script. HR
scores in our sample were lower than in some previous reports
but are still within the range reported across studies (11,63).
As the participants were well familiarized with the laboratory
and the experimenter by the time the imagery task was conducted, their baseline HRs may have been less susceptible to
expectation effects compared with studies that measured HRs
soon after arrival in the laboratory. Finally, the study reported
on a sample of assault survivors, and it remains to be seen
whether the interaction between sex and HR response can be
found in other samples of trauma survivors.
In conclusion, we found that, in women, PTSD at 6 months
after assault could be predicted from heightened physiological
response to script-driven imagery at 2 weeks post trauma,
whereas no such relationship was observed for males. Female
responders were at greater risk of heightened PTSD compared
with men and women nonresponders. This result may be of
practical value as there is yet no consensus as to how to best
identify trauma survivors at risk of later PTSD. The current
findings draw attention to female HR responders as a subgroup
vulnerable to chronic PTSD warranting early intervention.
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