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Background: The hypothesis that exaggerated startle in
Vietnam veterans with posttraumatic stress disorder
(PTSD) reflects an anxiogenic response to stressful con-
texts was tested.

Methods: Thirty-four nonmedicated Vietnam veterans
with PTSD, and 17 combat and 14 civilian non-PTSD
controls participated in two testing sessions over separate
days. Acoustic startle stimuli were delivered alone or in a
test of prepulse inhibition. In the first session, startle was
assessed without experimental stress. In the second ses-
sion, startle was investigated during a stressful “threat of
shock” experiment, when subjects anticipated the admin-
istration of shocks during threat periods and during safe
periods when no shocks were anticipated.

Results: The magnitude of startle did not differ signifi-
cantly among the three groups in the first session, but was
increased throughout the threat of shock experiment in the
PTSD veterans in the second session. The actual increase
in startle in the threat compared to the safe condition did
not significantly differ among the three groups. Prepulse
inhibition was reduced in the PTSD veterans, compared to
the non-PTSD civilians, but not compared to the non-
PTSD veterans.

Conclusion:Exaggerated startle in Vietnam veterans with
PTSD reflects an anxiogenic response to an environment
that is experienced as stressful.Biol Psychiatry 1998;
44:1027–1036 ©1998 Society of Biological Psychiatry
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Introduction

Although exaggerated startle is a symptom of posttrau-
matic stress disorder (PTSD), studies that have as-

sessed the startle reflex in individuals with PTSD have

provided conflicting results. Whereas some studies have
reported exaggerated baseline startle (Orr et al 1995;
Butler et al 1990), others have found a normal (Orr et al
1997; Grillon et al 1996) or reduced response (Ornitz and
Pynoos 1989). These discrepancies are not explained by
methodological differences between studies, because three
studies using the same procedure reported different results
(Orr et al 1995, 1997; Shalev et al 1992).

One potential explanation for the above discrepancies
involves the nature of experimental contexts. Because
startle is potentiated by fear, it is possible that the
symptom of “exaggerated startle” reflects an anxiogenic
response to an aversive context. Results from several
studies at the Connecticut Veterans Administration Med-
ical Center are consistent with this hypothesis. We re-
cently reported normal baseline startle in Vietnam veter-
ans with PTSD in a procedure with little experimental
stress (Grillon et al 1996); however, we found exaggerated
startle throughout experiments that involved some degree
of stress (Morgan et al 1995a, 1995b; Grillon et al in
press). For example, in a “fear-potentiated startle” study,
startle was investigated during “threat” conditions, when
unpleasant electric shocks were anticipated, and during
“safe” conditions, when no shocks were anticipated (Mor-
gan et al 1995a). Startle was elevated in the PTSD patients
throughoutthe experiment, including the “safe” condition.
The finding of normal startle in the absence of stress, but
elevated startle under stressful conditions suggests that the
symptom of “exaggerated startle” in Vietnam veterans
with PTSD is a sign of an enhanced anxiogenic response
to a “threatening” context. Of note, in the threat of shock
experiment, the response of the PTSD group to the threat
signal was similar to that of the control group, suggesting
that veterans with PTSD exhibit differential fear responses
to explicit (e.g., the threat signal) and contextual (e.g., the
experimental room) stimuli. These results are particularly
meaningful in the light of recent preclinical findings
suggesting the involvement of different brain structures in
these two types of fear (Kim and Fanselow 1992; Phillips
and LeDoux 1992; Davis et al 1995) (see Discussion).

The hypothesis that Vietnam veterans with PTSD ex-
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hibit exaggerated startle in stressful contexts but not at
baseline would draw stronger support if this effect was
demonstrated in a within-subjects design, where the same
individual would have normal startle in the absence of
stress, but exaggerated startle during a stressful procedure.
The present study investigated this possibility by examin-
ing startle in two experimental sessions separated by 4–5
days. The first session, which was a test of baseline startle,
had a relatively low level of stress. In contrast, the level of
stress was greatly increased in the second session by
performing a fear-potentiated startle experiment that in-
volved the anticipation of unpleasant electric shocks. The
basic design was similar to the one used in Morgan et al
(1995a) (i.e., shocks were anticipated during threat condi-
tions, but not during safe conditions). In such an experi-
ment, the phasic state of fear induced by the specific threat
condition may be considered as being superimposed on a
generally anxious state caused by the ambient threat of
participating in a stressful experiment (Breznitz 1967;
Grillon et al in press). Thus, two types of fear were
assessed: ambient fear related to the experimental context
(e.g., experimental room, shock electrodes) and fear spe-
cifically caused by the imminent anticipation of shocks
during the threat condition. Based on our previous studies
(Grillon et al 1996; Morgan et al 1995a), it was hypothe-
sized that there would not be differences among groups in
baseline startle in the first session 1 and in startle poten-
tiation by the threat signal in session 2; however, due to
their hypothesized increased sensitivity to contextual fear,
the veterans with PTSD were expected to show greater
startle in session 2, compared to the non-PTSD subjects,
before and especially after the placement of the shock
electrodes.

A second aim of the study was to examine prepulse
inhibition (PPI). PPI refers to the ability of a weak
prepulse to reduce the startle response to a subsequent
startle-eliciting stimulus. Animal and human studies indi-
cate that PPI can be affected by stress, but the nature of the
change is still unclear. PPI is reduced in the rat following

immersion in cold water (Leitner 1986) and can be
increased or reduced in humans during a threat of shock
experiment (Grillon and Davis 1997a). PPI deficits in
humans have been associated with perceptual abnormali-
ties and deficiencies in gating irrelevant thoughts (Braff
and Geyer 1990). Reduced PPI in PTSD has been reported
in some studies (Ornitz and Pynoos 1989) but not others
(Butler et al 1990). Grillon et al (1996) reported that PPI
was reduced in veterans with PTSD, compared to non-
PTSD civilians, but not compared to the non-PTSD
veterans. The present experiment further investigated this
question by examining the impact of fear on PPI in
veterans with PTSD.

Methods and Materials

Subjects
Subjects were 34 inpatient Vietnam combat veterans with PTSD
free of medication for at least 1 month. Comparison subjects
consisted of 17 healthy Vietnam combat veterans without PTSD
and 14 healthy civilians. The age of patients and controls did not
differ significantly (Table 1). The subjects were paid for their
participation in the study. They all gave written and informed
consent. None had participated in any of the previous psycho-
physiological experiments.

All patients met criteria for PTSD per DSM-III-R, Structured
Clinical Interview for DSM-III-R (SCID), and a consensus
diagnosis team. Patients with a major medical illness, organic
brain syndrome, or schizophrenia were excluded from the study.
Patients also were evaluated with the SCID for comorbid
psychiatric diagnoses. Current comorbid diagnoses were bipolar
disorder (n 5 1), major depressive disorder (n 5 17), substance
abuse/dependence (n 5 4), panic disorder with and without
agoraphobia (n 5 6 andn 5 4, respectively), social phobia (n 5
8), obsessive–compulsive disorder (n 5 1), and antisocial
behavior/borderline personality (n 5 1). Control subjects had no
current major medical illnesses or psychiatric disorders based on
SCID–nonpatient criteria. Toxicology screening confirmed that
all subjects were free of psychoactive drugs or illicit substances
for at least 4 weeks prior to testing. Subjects with hearing deficits

Table 1. Mean (SD) Age and Psychometric Scores

Group Age (years) Mississippi CESa Trait anxiety

State anxiety

Session 1 Session 2

PTSD veterans (n 5 34) 46.0 128.0 27.5 57.7 50.8 52.2
(3.4) (20.3)b (8.9)c (10.4)d (12.6)d (11.7)d

Combat controls (n 5 17) 42.2 70.2 21.7 34.9 31.8 34.3
(4.8) (17.0) (9.3) (10.8) (8.2) (6.4)

Civilian controls (n 5 14) 44.5 — — 30.0 27.7 29.2
(3.9) (5.2) (5.4) (2.6)

aCombat exposure scale.
bp , .0009 relative to combat controls.
cp , .03 relative to combat controls.
dp , .0009 relative to combat and civilian controls.
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in the 500–3000-Hz range during audiologic screening with a
Welch Allyn device were excluded from the study. About 1/3 of
the veterans with and without PTSD had hearing loss at 4000 Hz;
however, there was no difference in startle responsivity or PPI in
veterans with and without such a deficit. Combat history was
verified by military discharge forms. Veterans also completed the
Mississippi scale for combat-related PTSD (Keane et al 1988)
and the Combat Exposure Scale (CES) (Lund et al 1984).

Stimuli and Apparatus
Recordings took place in a sound-attenuated chamber at the
Connecticut Veterans Administration Medical Center. The deliv-
ery of the acoustic startle stimuli and the recording of the
eyeblink response were controlled by a commercial startle
system (San Diego Instrument). The acoustic startle stimuli
consisted of 40-msec duration bursts of white noise with an
instantaneous rise-time at intensities of 98 and 103 dB(SPL)
presented binaurally through headphones (Telephonics model
TDH-39P). There was no background sound. The sounds were
calibrated with a Quest Electronics device (model 215). The
startle stimuli were delivered alone (pulse-alone) or preceded by
a 30-msec 70-dB(SPL) white noise prepulse (prepulse1 pulse)
with an onset asynchrony of 120 msec. Thus, four different types
of trials were used: 98-dB pulse-alone, 103-dB pulse-alone,
70-dB prepulse followed by a 98-dB pulse, and 70-dB prepulse
followed by a 103-dB pulse.

The eyeblink reflex was measured with two disk electrodes
(Ag-AgCl) below the left eye (impedance,5 kV). The ground
electrode was placed on the left arm. Electromyographic activity
was filtered (1–500 Hz) and digitized at 1 kHz for 250 msec from
the onset of the acoustic stimuli.

The electric shock (1.5 mA, 5-msec duration) was generated
by a Constant Current Unit (Grass Inst.) delivered through two
pure tin disk electrodes placed on the left wrist.

Design
The study was designed to examine fear induced by 1) an
experimental context (e.g., the ambient threat of participating in
an experiment involving the administration of shocks); and 2) an
explicitly threatening signal (e.g., imminent threat). There were
two sessions separated by 4–5 days (Table 2; see also Figure 1).
Shocks were anticipated and administered in session 2, but not in
session 1, making the level of ambient threat greater in session 2,
compared to session 1. Session 1 assessed baseline startle during
a single period (session 1/initial baseline startle testing/no ambi-
ent threat). Session 2 consisted of five separate periods, two of
which had alternating safe and threat conditions (first and second
fear-potentiated startle tests). During the fear-potentiated startle
tests, shocks could be administered during threat but not during
safe conditions that were signaled by colored lights (i.e., blue and
green). Thus, in session 2 startle was recorded 1) before the
shock electrodes were attached on the participants’ wrist (second
baseline startle testing/shock electrodes off/with ambient threat);
2) after the placement of the shock electrodes, but before the
threat and safe conditions were started (startle testing with shock
electrodes on/safe–threat signals off); 3) during threat and safe
conditions (first fear-potentiated startle test); and following a
short break, during a repetition of 2) and 3) above, that is, during
4) a second startle testing with shock electrodes on and safe–
threat signals off; and 5) a second fear-potentiated startle test.
Participants received one or two shocks. The shocks were

Table 2. Experimental Design

Session Period/Imminent description # of blocksa
Shock

electrodes
Threat/safe
lights on

Ambient
threat Threat

1 1. Initial baseline startle
testing, no shock
electrodes, no ambient
threat

4 No No No No

2 1. Second baseline startle
testing, shock electrodes
off, with ambient threat

4 No No Yes No

2 2. First startle testing, with
shock electrodes on, safe–
threat signals off

4 Yes No Yes No

2 3. First fear-potentiated
startle test: safe and threat
conditionsb

3 Yes Yes Yes No

3 Yes Yes Yes Yes
2 Rest period/no startle stimuli
2 4. Second startle testing,

with shock electrodes on,
safe–threat signals off

4 Yes No Yes No

2 5. Second fear-potentiated
startle test: safe and threat
conditionsb

3 Yes Yes Yes No

3 Yes Yes Yes Yes

aEach block consisted of each of the four trial types (i.e., 98-dB pulse-alone, 103-dB pulse-alone, 70-dB prepulse1 98-dB pulse, 70-dB prepulse1 103-dB pulse).
bThe safe and threat lights were presented alternatively three times each in each fear-potentiated startle test.
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delivered following the second fear-potentiated startle test after
all the startle data had been collected (see below).

The reason for assessing startle before and immediately after
the shock electrodes were attached in session 2 was because the
placement of shock electrodes raises the level of anxiety and
potentiates startle, even before subjects are actually threatened
with a shock (Grillon and Ameli in press).

Sixteen startle trials were presented during 1) the initial
baseline startle testing (session 1); 2) the second baseline startle
testing (session 2); 3) the first startle testing with shock elec-
trodes on (safe–threat signals off); and 4) the second startle
testing with shock electrodes on (safe–threat signals off). They
were delivered in four blocks with each block containing the four
types of trials (98-dB pulse-alone, 103-dB pulse-alone, 70-dB
prepulse1 98-dB pulse, 70-dB prepulse1 103-dB pulse) in a
prearranged order, counterbalanced between groups. The inter-
trial intervals varied from 17 to 23 sec. The first fear-potentiated
startle test consisted of three alternating threat and safe condi-
tions that were signaled by the blue and green colored lights
(60-W bulbs) located 2 m in front of the subjects. Each
threat/safe condition lasted approximately 80 sec. The order of
presentation of the threat and safe conditions and the association
between colored lights and conditions were counterbalanced
across subjects. During each threat and each safe condition, the
four types of trials (two pulse-alone trials, two prepulse trials)
were also presented in a prearranged order counterbalanced
between groups. The second fear-potentiated startle test was
similar to the first one.

Fear to the explicit cue (i.e., imminent threat) was operation-
ally defined as the potentiation of startle magnitude from the safe
to the threat condition during the first and second fear-potenti-
ated startle tests. Contextual fear was defined as the fear elicited
by the ambient threat of session 2. It was examined by comparing
the change in startle magnitude 1) from session 1 to session 2
(initial baseline startle testing/no ambient threat vs. second

baseline startle testing/with ambient threat); and 2) in session 2,
from the second baseline startle testing (no shock electrodes) to
the first startle testing with shock electrodes on (safe–threat
signals off). One of the distinctions that was made between fear
to explicit and contextual cues was that participants were in
actual danger of receiving shocks during explicit threat cue
testing but not during contextual fear testing.

Procedure
During the initial recruitment, participants were informed that the
study examined their reactivity to loud sounds under various
stress conditions in two separate sessions. They were told that
unpleasant electric shocks would be administered during the
second session, but not during the first one. After the arrival of
the participants in the laboratory in session 1, they were re-
minded that no shock would be administered. When subjects
arrived for the second session, there were told that their reactivity
to loud sounds would first be tested as in the first session, and
that this portion of the testing did not involve the placement of
shock electrodes or the administration of unpleasant shocks
(session 2/second baseline startle testing). Approximately 2 min
after the second baseline startle testing period, the shock elec-
trodes were attached on the subjects’ wrist. Participants were
then informed that the threat of shock part of the study was
starting (session 2/first startle testing with shock electrodes on).
They were told that 1) unpleasant electric shocks could be
delivered at any time when the threat light (i.e., blue light), but
not the safe light (i.e., green light), was turned on; and 2) they
would receive between one and three shocks. Finally, they were
told that initially startle stimuli would be presented with the safe
and threat lights turned off and no shocks could be administered
(first startle testing with shock electrodes on with safe–threat
signals off).

Participants were given a 5-min break after the first fear-

Figure 1. Mean magnitude of startle to
pulse-alone trials (averaged over blocks and
intensities) during each period. The // signs
indicate that the periods were not continu-
ous.
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potentiated startle test (the shock electrodes were left on their
wrist). A second startle testing with shock electrodes on and
safe–threat light off followed by a second fear-potentiated startle
test was then performed. No shocks were administered during the
first fear-potentiated startle test. The shock(s) was (were) admin-
istered at the end of the second fear-potentiated startle test, 5 sec
following the last startle trial if the last condition was a threat
light. If the last condition was a safe light, the threat light was
turned on for an additional 20 sec, and one shock was adminis-
tered. In about 1/3 of the subjects, an additional safe and threat
condition was added, and another shock was administered. The
data during this additional period were not analyzed. This
procedure was implemented to prevent potential subjects from
learning about the number of shocks.

Subjects were given the state portion of the State–Trait
Anxiety Inventory (STAI) (Spielberger 1983) upon arrival in the
laboratory in each session. They were also given the trait portion
of the STAI following the end of session 1.

Data Reduction and Data Analysis
The method to analyze the eyeblink is presented in detail
elsewhere (Grillon et al 1991). Briefly, following digital filtering
of the electromyographic (EMG) signal with a 20.9-Hz low-pass
filter, the eyeblink data were analyzed using a program derived
from Balaban et al (1986). Peak amplitude was determined in the
21–100 ms following stimulus onset. It was expressed relative to
EMG activity during a 20-msec period following stimulus onset.
A zero response score was given if no response was detectable.
Zero startle scores were included in the data analysis (magnitude
scores). Trials were rejected if the baseline EMG activity was
unstable or onset eyeblink occurred within 20 msec following
probe onset. The number of discarded trials was low and did not
significantly differ among groups (1.6%, 1.4%, and 1.3% in the
non-PTSD civilians, non-PTSD veterans, and PTSD veterans,
respectively).

Preliminary analyses of the data indicated that the magnitude
of startle and prepulse inhibition did not habituate differentially
within blocks in the three groups. Similarly, the intensity of the
startle stimulus did not affect the groups differentially. To
simplify the presentation of the data, the magnitude measures for
eyeblinks to pulse-alone and prepulse1 pulse trials were
averaged separately across blocks and stimulus intensities within
each period. Startle magnitudes to pulse-alone trials were ana-
lyzed separately from prepulse and pulse trials. PPI was ex-
pressed as a percent change from the magnitude of startle to
pulse-alone to the magnitude of startle to prepulse1 pulse trials
([pulse-alone minus prepulse1 pulse)/(pulse-alone)]3 100).

The data were analyzed with mixed model analyses of vari-
ance (ANOVAs) with repeated measures and Pearson correla-
tions. To examine contextual fear, startle magnitude to pulse-
alone in the four periods when subjects were not actually
threatened by the shock (i.e., initial baseline startle testing,
second baseline startle testing, first startle testing with shock
electrodes on, second startle testing with shock electrodes on)
were entered into a two-way ANOVA [period (4)3 group (3)].
Fear-potentiated startle was analyzed by entering the data of the
first and the second fear-potentiated startle tests in a three-way

ANOVA [condition (safe, threat)3 fear-potentiated startle test
(first, second)3 group (3)].

Similar analyses were performed on the PPI data. Several
participants had no identifiable startle/eyeblink responses to all
pulse-alone trials in one of the periods, especially in the second
safe condition period. Because prepulse inhibition cannot be
assessed from a zero-amplitude startle response, only data from
session 1, and from the second baseline startle testing, first startle
testing with shock electrodes on, and first fear-potentiated startle
test were included in the PPI analysis. Thus, two types of
analyses were performed: 1) a two-way ANOVA [period (initial
baseline startle testing/session 1, second baseline startle testing/
session 2, first startle testing with shock electrodes on/session 2)
3 group (3)]; and 2) a two-way ANOVA [condition (safe, threat)
3 group (3)] using the data of the first fear-potentiated startle
test.

To reduce the number of statistical tests, the post hoc analyses
contrasted 1) the PTSD veterans to the non-PTSD veterans; and
2) the PTSD veterans to the non-PTSD civilians to assess the
specificity of the findings.

Analyses of covariance were also used to examine whether
differences between veterans with and without PTSD were due to
differences in exposure to combat. The covariate was the CES
score. Reduced degrees of freedom (Greenhouse–Geisser) were
employed to counter violations of the sphericity assumption
underlying ANOVA with repeated measures.

Results

Psychometric Measures

The Mississippi, CES, and trait anxiety scores (Table 1)
were significantly greater in the veterans with PTSD,
compared to the combat controls [t(49) 5 10.9,p , .001;
t(49) 5 2.1,p , .03; t(49) 5 7.1,p , .001, respectively].
Trait anxiety was greater in the veterans with PTSD,
compared to the civilian controls [t(49) 5 9.3,p , .001].
State anxiety scores were analyzed using a two-way
ANOVA with group (PTSD, combat controls, civilian
controls) and session (1, 2) as factors. The group main
effect was significant [F(2,62) 5 46.0, p , .0009],
reflecting the fact that state anxiety was greater in the
veterans with PTSD, compared to the combat [F(1,62)5
42.4,p , .0009] and civilian [F(1,62)5 56.7,p , .0009]
controls. There was a trend for state anxiety to increase
from the first to the second session [F(2,62) 5 2.7, p ,
.1]. This effect did not differ significantly among groups.

Startle to Pulse-Alone Trials

There were subjects with small startle responses (see
below) during session 1; however, all subjects were
included in the analysis because of the possibility that
startle “nonresponders” might become responders in the
more stressful session 2.

Figure 1 presents the magnitude of startle during each
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period, that is during the: 1) initial baseline startle testing
(session 1/period 1); 2) second baseline startle testing
(session 2/period 1); 3) first startle testing with shock
electrodes on and safe–threat signals off (session 2/period
2); 4) first fear-potentiated startle test (session 2/period 3);
5) second startle testing with shock electrodes on and
safe–threat signals off (session 2/period 4), and 6) second
fear-potentiated startle test (session 2/period 5).

The pattern of startle reactivity in session 1 and session
2 differed among groups [group3 period:F(6,186)5 3.6,
p , .003,e 5 .94]. Startle magnitude did not significantly
differ among groups in session 1 [F(2,62)5 0.03], but was
significantly greater in session 2 in the PTSD veterans,
compared to the non-PTSD veterans [F(1,62)5 6.5, p ,
.01] and civilians [F(1,62) 5 5.4, p , .02]. Post hoc
analyses based on our a priori hypotheses indicated that
this effect was due to the combination of two factors. First,
startle magnitude was differently affected by the experi-
mental context (participation in an experiment where no
shocks are administered—initial baseline startle testing/
session 1/period 1—versus participation in an experiment
where shocks will be administered—second baseline star-
tle testing/session 2/period 1) in PTSD veterans, compared
to non-PTSD veterans [F(1,62) 5 5.6, p , .02] and
civilians [F(1,62) 5 3.5, p , .06]. Second, although the
placement of the shock electrodes in session 2 increased
startle (first startle testing with shock electrodes on and
safe–threat signals off—period 2) in the PTSD veterans
[F(1,62)5 46.1,p , .001], non-PTSD veterans [F(1,62)
5 12.7, p , .001], and non-PTSD civilians [F(1,62) 5
8.4,p , .005], the magnitude of this increase was greater
or tended to be greater in the PTSD veterans, compared to
the non-PTSD veterans [F(1,62) 5 3.3, p , .07] and
civilians [F(1,62)5 4.6, p , .04].

To examine whether differences in combat exposure
could explain these findings, the data were reanalyzed
using only the two veterans groups and the CES scores as
a covariate. Similar results were obtained. The magnitude
of startle was differently affected by the two sessions in
the two groups [F(3,144)5 4.1,p , .008,e 5 .92]. Startle
magnitude was significantly elevated in the PTSD veter-

ans, compared to the non-PTSD veterans in session 2
[F(1,48)5 7.6,p , .008], but not in session 1 [F(1,48)5
0.3].

Fear response to the explicit threat signal was assessed
by comparing the magnitude of startle in the threat and in
the safe conditions during the fear-potentiated startle tests
(periods 3 and 5). As expected, startle was significantly
potentiated during shock anticipation [fear-potentiated
startle: condition:F(1,62)5 50.6,p , .001]. The magni-
tude of this potentiation did not differ significantly among
groups [group3 period:F(2,62)5 1.5].

Prepulse Inhibition

Seven participants (2 veterans with PTSD, 3 veterans
without PTSD, and 2 civilians without PTSD) were
excluded from the analysis because they had a zero mean
startle amplitude to pulse-alone trials in one or more of the
periods that were used in the PPI analysis.

The PPI scores are presented in Table 3. Analysis of PPI
during the different periods revealed significant main
group [F(2,55) 5 3.4, p , .04] and period [F(2,110)5
12.8, p , .0001, e 5 .94] effects, but no significant
group 3 period interaction [F(4,110) 5 2.1]. Post hoc
tests indicated that PPI was significantly smaller in the
PTSD veterans, compared to the non-PTSD civilians
[F(1,55) 5 6.4, p , .01], but not compared to the
non-PTSD veterans [F(1,55)5 1.0].

PPI during the fear-potentiated startle test did not
significantly differ among groups [F(1,56) 5 0.00], but
was increased in the threat, compared to the safe condition
[F(1,56)5 6.9, p , .01].

Correlations

Pearson correlations were performed between the Missis-
sippi, CES, and trait and state anxiety scores, and startle in
the periods when group differences emerged, that is, in
session 2 during the second baseline startle testing (period
1) and first startle testing with shock electrodes on (period
2). Two types of startle measures were used: the raw

Table 3. Mean (SE) Percent Prepulse Inhibition (PPI) in the Three Groups

Session

1 2
Period

1 1 2 3S 3T

PTSD veteransa 64.6 (6.1) 71.1 (3.1) 61.8 (3.3) 76.7 (4.5) 82.7 (2.6)
Combat controls 81.2 (7.8) 79.3 (9.4) 57.6 (6.8) 78.2 (9.4) 88.4 (6.8)
Civilian controls 92.5 (3.7) 93.2 (1.9) 66.4 (6.8) 89.1 (3.4) 95.8 (7.3)

S, safe; T, threat.
ap , .007 compared to non-PTSD civilians.
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magnitude scores and the change or difference scores from
the first to the second session. The Mississippi scores
showed small significant correlations with the difference
startle scores but not with the raw startle magnitude scores.
The Mississippi scores correlated positively with the
changes in startle magnitude from session 1 to session 2
before (r 5 .27,p , .05) and after (r 5 .33,p , .01) the
shock electrodes were placed on the participants’ wrist.
Pearson correlation between the psychometric and PPI
scores were not significant.

Comorbidity

A large number (50%) of veterans with PTSD had comor-
bid major depression. Statistical analyses of data in veter-
ans with PTSD with and without comorbid major depres-
sive disorder did not reveal any significant difference in
these two groups.

Discussion

The magnitude of startle was similar among PTSD and
non-PTSD participants during session 1, when no shocks
were anticipated. In contrast, startle was elevated in the
PTSD group throughout the more stressful session 2, when
the experiment involved the administration of shocks. Of
note, the veterans with PTSD exhibited “exaggerated”
startle when they were not at risk of receiving a shock,
even when the shock electrodes were not in place (session
2/period 1). In addition, despite this elevation in overall
startle level in the PTSD veterans during session 2, the
magnitude of fear-potentiated startle during the specific
threat condition did not differ significantly from that of the
comparison group. These results suggest that the PTSD
veterans had an abnormal emotional response to the
ambient threat of the experimental context, but a normal
fear response to the explicit threat cue. Such findings
provide potential insights into psychological and neuro-
physiological mechanisms that may contribute to exagger-
ated startle in Vietnam veterans with PTSD.

The enhanced magnitude of startle in the PTSD veterans
in session 2 came from two sources: simple participation
in a stressful experiment and placement of the shock
electrodes. Participation in an experiment where unpleas-
ant electric shocks were anticipated potentiated startle in
the PTSD group, even when shock electrodes were not
attached and when there was no actual danger of receiving
a shock. This was reflected by an increase in the magni-
tude of startle from session 1 to session 2 (initial baseline
startle testing versus second baseline startle testing), which
contrasted with the reduction found in the two comparison
groups. Attaching the shock electrodes produced an up-
ward shift in baseline startle levels in all three groups, but

this effect was greater in the PTSD, compared to the
comparison groups. These results suggest an abnormally
elevated anxiogenic response to contextual stimuli in the
veterans with PTSD.

Of note, the stressful environment in this study was not
a situational reminder of the trauma. This distinguishes the
present results from previous findings showing a elevated
conditioned emotional response to trauma-related stimuli
in Vietnam veterans with PTSD (Orr et al 1993; Pallmeyer
et al 1986; Malloy et al 1983), and indicates that PTSD is
associated with deficits in multiple affective response
systems.

Although the Vietnam veterans with PTSD exhibited an
abnormal emotional response to the experimental context,
their affective response to impending aversive events (i.e.,
threat conditions) was normal. Similar results were found
previously (Morgan et al 1995a). It could be argued that
because the level of startle reactivity was elevated in the
PTSD group, the magnitude of the eyeblink response
during the threat condition reached a ceiling level that
prevented accurate assessment of the effect of shock
anticipation on startle. This explanation seems unlikely,
because startle levels higher than those in the threat
condition were obtained in the first block of the first
fear-potentiated startle test (not shown in Figure 1) fol-
lowing the attachment of the shock electrodes (second
baseline startle testing with shock electrodes on). In
addition, the magnitude of fear-potentiated startle was still
not significantly different among PTSD and non-PTSD
participants in the second threat conditions, after the
baseline startle level had moved downward in the PTSD
veterans.

Animal studies suggest that different neurobiological
mechanisms are involved in fear to explicit (e.g., a light
that has previously been repeatedly associated with a
shock) and contextual (e.g., the cage where the experiment
took place) stimuli. Amygdala lesions suppress both ex-
plicit and contextual fear conditioning, whereas lesions of
the hippocampus (Kim and Fanselow 1992; Phillips and
LeDoux 1992) or bed nucleus of the stria terminalis
(BNST) (McNish et al 1996) suppress only contextual fear
conditioning. These data suggest that the hippocampus and
BNST may be especially important in contextual fear,
compared to explicit cue conditioning.

A similar dissociation among these limbic structures
may also apply to the effect of stress hormones, such as
corticotropin-releasing hormone (CRH). CRH produces a
constellation of anxietylike behavioral effects after central
administration, including a long-lasting increase in startle
(Liang et al 1992; Swerdlow et al 1986), which is reduced
by the anxiolytic compound chlordiazepoxide (Swerdlow
et al 1986). This CRH-induced startle facilitation is
blocked by chemical lesions of either the hippocampus or
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the BNST, but not by chemical lesions of the amygdala
(Lee and Davis 1992). Furthermore, local infusion of CRH
antagonist into the BNST, but not the amygdala, blocks
the excitatory effect of CRH on startle. These data
implicate the hippocampus and BNST, but not the amyg-
dala, in the anxiogenic effects of CRH on startle.

If the brain structures that are associated with fear
response to explicit and contextual stimuli are the same in
animal and humans, the present results of normal fear
response to the explicit threat cue and abnormal contextual
fear in the PTSD veterans suggest an involvement of the
BNST and/or hippocampus, but not of the amygdala, in
Vietnam veterans with PTSD. One possible interpretation
of the present findings based on recent data (Lee and
Davis 1995) is that Vietnam veterans with PTSD showed
heightened CRH responses to the stressful context, leading
to an overactivation of the BNST, which in turn increased
baseline startle. This hypothesis is consistent with preclin-
ical data indicating sensitized hypothalamic–pituitary–
adrenal responses to a novel stressor following chronic
stress (Servatius et al 1994; Mason et al 1968).

Needless to say, stimuli that lead to contextual fear in
humans and animals differ. Animals learn to associate
contextual cues with the aversive stimulus as the experi-
ment develops. The present study suggests that in Vietnam
veterans with PTSD, some of these associations were
already present upon arrival to the laboratory because of
the subjects’ knowledge that the experiment involved the
administration of shocks. Shock electrodes also constitute
powerful contextual cues for both patients and controls,
but seem to induce more anxiety in the patients.

We have recently found that Gulf War veterans with
PTSD exhibit enhanced contextual fear conditioning, com-
pared to non-PTSD veterans (Grillon and Morgan in
submission). The veterans participated in an aversive
conditioning procedure that was performed twice over
separate days. Baseline startle assessed before the condi-
tioning procedure was reduced from the first to the second
testing session in the non-PTSD veterans, whereas it was
increased in the PTSD veterans. The increased startle
response in the aversive context of the second session is
similar to the contextual fear conditioning exhibited by
animals when they are placed back in a cage where they
have been previously shocked (Blanchard and Blanchard
1972) and by healthy human subjects who were shocked in
an unpredictable manner during the first session (Grillon
and Davis 1997b). These results confirm that veterans with
PTSD are overly sensitive to contextual information. They
further suggest that this sensitivity is independent of the
chronicity of the disorder.

Various findings concerning PPI were replicated in this
study. Consistent with a recent study (Grillon et al 1996),
PPI was reduced in the veterans with PTSD, compared to

the non-PTSD civilians, but not compared to the non-
PTSD veterans. Butler et al (1990) also found no differ-
ences in PPI between Vietnam veterans with and without
PTSD; however, in a recent study, we have not found PPI
deficits in women with sexual assault-related PTSD (Mor-
gan et al 1997). These findings raise the possibility that it
is not PTSD per se or exposure to the trauma that cause
PPI deficits in veterans with PTSD. We have suggested
elsewhere (Grillon et al 1996) that exposure to the intense
sounds of gunfire during training and combat could have
induced subtle hearing impairment that could affect the
efficiency of the prepulse at reducing the magnitude of
startle. Subtle hearing impairment would not have been
detected by our audiologic screening. This implies that the
symptom of exaggerated startle in PTSD does not result
from a dysfunction of the inhibitory pathway that modifies
startle reactivity.

The increase in PPI during the threat condition repli-
cates the finding of a previous study (Grillon and Davis
1997a). This effect was hypothesized to result from
enhanced attention to the environment during shock antic-
ipation. According to this view, enhanced nonspecific
attention facilitates information processing, including the
processing of the prepulse, which becomes more efficient
at inhibiting startle.

Three notes of cautions should be made. First, the
design of the study followed a fixed time structure. Hence,
the effect in each period might have been dependent on the
effects in the preceding periods. In particular, the greater
startle in session 2 in the PTSD, compared to the non-
PTSD participants could be construed as reflecting a
deficit in long-term habituation of startle. Although this
could be in itself a significant finding, it is highly unlikely,
because the same “exaggerated” startle in a stressful
context has been reported previously in studies that did not
include a prior baseline startle testing (e.g., no session 1)
(Morgan et al 1995a, 1995b; Grillon et al in press).
Second, the PTSD veterans had greater CES scores,
compared to the combat controls. The findings remained
the same after controlling statistically for differences in
CES scores, but combat exposure remains a potential
confounding factor. Third, although the presence of co-
morbid major depressive disorder in the veterans with
PTSD did not affect the results, it is still unknown to what
extent the startle results are specific to PTSD because of
the prevalence of other comorbid psychiatric disorders
with PTSD. Comorbidity is a part of the PTSD presenta-
tion. To seek a group of PTSD patients without comor-
bidity would be to examine a very nonrepresentative
subgroup of PTSD, a biased sample. Abnormalities in
contextual fear may, in fact, not be restricted to PTSD. An
increase in startle magnitude throughout a threat of shock
experiment has been reported in the youngest (,40 years
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old) of a group of patients with panic disorder (Grillon et
al 1994); however, the same study showed that patients
with panic disorder whose age matched that of the veter-
ans with PTSD in the present study did not have elevated
startle.

To summarize, Vietnam veterans with PTSD exhibited
normal baseline startle in the absence of stress, increased
startle throughout a stressful procedure, and normal fear-
potentiated startle to an explicit threat signal, suggesting
that individuals with chronic PTSD are abnormally sensi-
tive to contextual information, but exhibit appropriate fear
to impending danger. The increased sensitivity of veterans
with PTSD to stressful context could either be a conse-
quence of exposure to trauma, which could, for example,
lower the threshold for emotional reactivity, or reflect a
premorbid risk factor for PTSD. These results provide
some clues as to the direction of future research. First, the
hypothesis that chronic PTSD is associated with increased
sensitivity to contextual stimuli should be tested by devel-
oping new human models of contextual fear and by
examining subjects with PTSD with these models. Second,
animal studies should further elucidate the neurobiological
substrates of anxiety to contextual stimuli. Preclinical
studies suggest a role for the amygdala, the hippocampus,
the BNST, and the stress hormone CRH. If these investi-
gations demonstrate that certain classes of drugs are
effective in relieving anxiety produced by contextual
stimuli, more effective pharmacologic treatments of PTSD
could be developed.
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