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Symptom Correlates of Prepulse Inhibition Deficits
in Male Schizophrenic Patients

David L. Braff, M.D., Neal R. Swerdlow, M.D., Ph.D., and Mark A. Geyer, Ph.D.

Objective: Information processing, inhibitory, and gating deficits in human and animal
model studies of schizophrenia are demonstrated by using prepulse inhibition of the startle
reflex. Prepulse inhibition deficits in schizophrenic patients correlate with core cognitive
symptoms, such as thought disorder and distractibility, but their relationship to positive and
negative symptoms of schizophrenia is less clear. Method: Fifty-one male schizophrenic
patients and 26 male normal comparison subjects were tested for prepulse inhibition of the
eyeblink component of the startle reflex measured by electromyogram recording. Startling
stimuli (118 dB) were presented alone (pulse only) or were preceded 60 msec by discrete
prepulse stimuli of 2, 4, 8, or 16 dB above the background 70-dB noise level. In addition,
patients were assessed for demographic variables, generalized symptoms (Brief Psychiat-
ric Rating Scale), and positive and negative symptoms. Results: Schizophrenic and com-
parison groups differed significantly in the amount of prepulse inhibition produced by the
16-dB prepulse, with schizophrenic patients showing the expected deficient prepulse inhi-
bition. Latency of the eyeblink response was generally slower for the schizophrenic pa-
tients, but the prepulse-induced latency facilitation for schizophrenic patients and compar-
ison subjects did not differ significantly. The pattern of prepulse inhibition deficits in
schizophrenic patients remained, with age and education controlled, in an analysis of co-
variance and subgroup matching. Deficient prepulse inhibition correlated with both positive
and negative symptoms of schizophrenia. Conclusions: Under these experimental condi-
tions, schizophrenia-linked deficits in prepulse inhibition detected with a relatively strong
prepulse are correlated with both positive and negative symptoms of schizophrenia. The
level of correlation, while significant in this cohort, is not as robust as that in previous re-
ports linking prepulse inhibition deficits with other measures, such as thought disorder. Fu-
ture work should probably focus on the relationship of prepulse inhibition deficits to mea-
sures such as thought disorder rather than positive and negative symptoms. 

(Am J Psychiatry 1999; 156:596–602)

Information processing disturbances are viewed as
central elements of the cognitive deficits that charac-
terize schizophrenia (1–3). A major feature of informa-
tion processing deficits in schizophrenic patients is de-
ficient sensorimotor gating. Theoretically, gating
allows for the screening or filtering of trivial or unim-
portant stimuli and the corresponding apportionment

of attentional resources to salient environmental cues
(4). Under most conditions, normal individuals can
navigate efficiently in the stimulus-laden world be-
cause of their ability to automatically “gate out” much
redundant, unessential information. Gating deficits
may cause schizophrenic patients to become over-
loaded with excessive exteroceptive and, perhaps, en-
teroceptive (self-generated) stimuli, leading to the col-
lapse of normal cognitive integrity with subsequent
cognitive fragmentation (4, 5).

All mammals respond to sudden, intense stimuli in
most sensory modalities with a startle reflex that con-
sists of a series of flexion and extension responses me-
diated by a simple, pontine-based neural circuit (6). In
humans, the startle response to a sudden (rapid-onset)
strong sensory stimulus is typically assessed by mea-
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suring the electromyographic (EMG) response of the
orbicularis oculi muscles surrounding the eye (7). If a
“weak” prepulse (e.g., 5–15 dB over a 70-dB back-
ground) precedes the startling stimulus by about 100
msec, startle reflex magnitude is diminished; this pro-
cess, called “prepulse inhibition,” is regulated by fore-
brain cortico-striato-pallido-pontine neural circuitry
(8). On the basis of an initial report (9), there have
been numerous reports of prepulse inhibition deficits
in schizophrenic patients (10–12), schizotypal patients
(13), and individuals who may be at risk for schizo-
phrenia spectrum disorders (14, 15). The finding of
prepulse inhibition deficits in individuals with schizo-
phrenia spectrum disorders is consistent with the idea
that these subjects have a quantifiable loss of brain-
based inhibitory functioning.

The functional implications of deficient prepulse in-
hibition in schizophrenic patients are suggested by the
significant correlation between prepulse inhibition
deficits and both increased distractibility (16) and an
operational measure of thought disorder (17). These
findings indicate that in schizophrenia, a relative in-
ability to gate exteroceptive stimuli (the startle pulse)
may reflect neural processes that also contribute to a
process culminating in cognitive fragmentation such
as thought disorder (17). No studies to date have ex-
amined the relationship between sensorimotor gating
deficits in schizophrenia, as assessed by prepulse inhi-
bition, and positive and negative symptoms of this
disorder.

This study was designed with several hypotheses in
mind. We examined the symptomatic correlates of
prepulse inhibition deficits in a large group of male
schizophrenic patients in order to determine whether
the reported relationship between prepulse inhibition
deficits and thought disorder (17) and distractibility
(16) extends to positive and negative symptoms. Be-
cause of sex differences and potential hormonal influ-
ences on prepulse inhibition modulation in female sub-
jects (18, 19), we elected to reduce variance in this
study and examined a group of male schizophrenic pa-
tients and normal male comparison subjects. In paral-
lel, we are also continuing to study female schizo-
phrenic patients.

METHOD

Subjects

Subjects consisted of 51 male schizophrenic patients and 26 male
normal comparison subjects. Exclusion of 12 “nonreactive” sub-
jects, defined as having a mean pulse-alone magnitude of less than
10 digital units in the first trial block (see later discussion), resulted
in analysis of data from 39 schizophrenic and 24 normal comparison
subjects. Schizophrenic patients were recruited from inpatient (N=
21) and outpatient (N=6) programs at the University of California,
San Diego, and the Alpine Convalescent Center (N=12), a long-term
locked treatment facility for chronically ill psychiatric patients. All
subjects had been screened carefully to ensure that they did not have
an axis I diagnosis other than schizophrenia and had not experi-
enced a neurologic insult, which could potentially affect brain func-
tioning. After subjects were given a detailed description of their par-
ticipation in the study, written consent was obtained. All subjects
were diagnosed and assessed by a doctoral-level clinician through
use of the Structured Clinical Interview for DSM-IV (SCID) (20).
Symptoms were also assessed with the Scale for the Assessment of
Positive Symptoms (SAPS) (21), the Scale for the Assessment of Neg-
ative Symptoms (SANS) (22), and the Brief Psychiatric Rating Scale
(BPRS) (23). Patients were diagnosed with the following subtypes:
paranoid (N=20), undifferentiated (N=8), disorganized (N=9), cata-
tonic (N=1), and residual (N=1).

On average, subjects had been ill for 13.4 years (SD=8.6) and had
10.5 (SD=10.6) hospitalizations. Six patients were unmedicated. Pa-
tients receiving medications averaged 1134.5 mg (SD=714.3) of
chlorpromazine equivalents. Other demographic and clinical infor-
mation is in table 1.

Comparison subjects underwent screening interviews to rule out
head trauma, exposure to psychoactive medication, past or present
axis I or II diagnoses, neurological illness, or drug abuse. Subjects
were excluded if they had a positive result on toxicology screen (N=
1) or if they met an MMPI-based algorithm for psychosis or sub-
stance abuse proneness (N=8) (24).

Schizophrenic patients were significantly older than the compari-
son subjects (t=4.05, df=61, p<0.001), had significantly fewer years
of education (t=5.04, df=61, p<0.001), and had significantly lower
WAIS-R vocabulary scores (t=5.54, df=55, p<0.001).

Startle Measures

An audiometer was used to exclude any subject who could not de-
tect 45-dB tones at 500, 1000, or 6000 Hz. Each subject was seated
comfortably. Two miniature silver/silver chloride electrodes were
positioned below and to the right of the subject’s right eye, over the
orbicularis oculi muscle; electrode resistances were less than 10
kOhm. A ground electrode was placed behind the right ear over the
mastoid. EMG activity recorded by the electrodes was directed
through an SR-LAB computerized startle response monitoring sys-
tem (San Diego Instruments, Inc., San Diego) for digitization and
analysis. The system recorded 250 1-msec epochs, starting with the
onset of the startle stimulus. In addition, EMG activity was band-
pass filtered (100 to 500 Hz). A 60-Hz notch filter was also used to
eliminate 60-Hz interference. A square wave calibrator established

TABLE 1. Demographic and Clinical Characteristics of Normal and Schizophrenic Male Subjects

Characteristic

Normal Group (N=24) Schizophrenic Group (N=39)

Mean SD Range Mean SD Range

Age (years) 27.4 7.0 18–44 35.7 8.4 21–57
Education (years) 14.8 2.2 12–20 11.7 2.5 5–17
WAIS-R vocabulary score 11.7 2.2 7–16 8.1 2.5 3–14
Age at onset of schizophrenia (years) 22.3 6.8 4–39
Duration of illness (years) 13.4 8.6 0.25–39
Number of hospitalizations 10.5 10.6 0–46
Neuroleptic dose, in chlorpromazine equivalents (mg/day)a 1134.5 714.3 200–3000
Anticholinergic dose, in benztropine equivalents (mg/day)a 6.2 2.4 2–12
a Not all schizophrenic patients received neuroleptics (N=31) or anticholinergics (N=33).
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sensitivity to be 4.7 µV/digital unit. Acoustic startle stimuli were pre-
sented binaurally through headphones. Sound levels were calibrated
monthly by using a continuous tone and sound pressure level meter
with a 6-cc coupler in an artificial ear.

Startle Session

A 5-minute acclimation period of 70-dB[A] SPL broadband noise
that continued as the background noise was followed by two blocks
of 36 trials, each block consisting of six of each of the six trial types
presented in a pseudorandom order. All startle pulse stimuli were
40-msec 118-dB[A] SPL bursts of noise. In addition to the pulse-
alone trials, there were four different prepulse trial types in which a
20-msec burst of noise preceded the startling stimulus by 60 msec.
The four prepulse trial types included prepulses 2, 4, 8, or 16 dB
above the 70-dB[A)] background level. In the sixth trial type, no
stimulus was presented, but EMG was recorded. The mean intertrial
interval was 15 seconds (range=8–22); the entire session lasted 23
minutes.

The software parameters by which voluntary and spontaneous
eyeblinks were recognized, scored, and excluded have been de-
scribed in a previous report (10). The onset latency, reported in mil-
liseconds, was defined by a shift of 10 digital units from the baseline
value, occurring 20–85 msec after the onset of the pulse stimulus,
per the SR-LAB version of Graham’s program that we have used pre-
viously (10). Peak latency was defined as the point of maximal am-
plitude occurring within 85 msec of the pulse stimulus. Trials were
identified for visual inspection when baseline values during the first
20 msec shifted by more than 10 units and were excluded if signifi-
cant EMG activity occurred at the time of stimulus presentation by
a blind investigator (interrater agreement=97.5%). Any subject for
whom more than 10% of the 72 trials were excluded, or for whom
more than two of the same trial type within the same block were ex-
cluded, was eliminated from subsequent analysis. In total, among
normal comparison subjects, seven individuals (29%) had one or
more trials excluded (range=one to two, mean=1.43) out of a 72-
trial session). Among schizophrenic patients, nine individuals
(23%) had trials excluded (range=one to seven, mean=2.77). The
difference between the number of trials excluded across groups was
not significant by t test. No subjects were excluded through use of
these criteria.

Statistical Analysis

The paradigm was designed to provide several measures of startle.
First, responsiveness (versus nonresponsiveness) was measured by
examining whether subjects responded to the pulse-alone stimuli in
the first trial block at a predetermined level of magnitude (10). Sec-
ond, the startle response to the first startling stimulus was assessed
as a measure of startle reactivity. Third, the level of the reflex mag-
nitude, defined as the response magnitude during the pulse-alone tri-
als of the first and second blocks, was measured. Fourth, latency
characteristics of the startle responses were assessed on pulse-alone
trials, including both the onset and peak latencies, and latency facil-
itation was assessed by comparing latencies on pulse-alone trials
with latencies on the various prepulse trials. Fifth, prepulse inhibi-
tion was assessed by comparing the percent decrement in digital
units between pulse-alone and the various prepulse trials. Sixth, ha-
bituation of startle, reported to be reduced in schizophrenic patients
(10, 11, 25), was assessed as the decrement in response magnitude
across the session.

Group differences in responsivity were analyzed by chi-square
analysis. Reactivity was analyzed by two-way analysis of variance

(ANOVA). Pulse-alone reflex magnitude was analyzed by two-way
ANOVA with block as a repeated measure. Onset and peak latencies
were analyzed by two-way ANOVA with repeated measures on trial
type. Analyses of group differences in prepulse inhibition were con-
ducted by using percentage scores, defined as the difference score di-
vided by the corresponding pulse-alone value, multiplied by 100.
Such an analysis tends to correct for the potential influence of indi-
vidual differences in startle reactivity on measures of prepulse inhibi-
tion. Data were analyzed by using a two-way ANOVA with repeated
measures on block and prepulse intensity. Spearman’s rank order
correlations were used to assess the relationships between selected
measures. All statistical tests were done with BMDP programs (26).

RESULTS

Some demographic characteristics of subjects are
summarized in table 1. Data from the BPRS, SANS,
and SAPS for schizophrenic patients are summarized in
table 2.

Responsivity. Subjects who averaged less than 10
digital units for pulse-alone magnitude in block 1
were defined as nonresponders. Twelve (23.5%) of
the 51 schizophrenic patients and two (7.7%) of the
26 normal comparison subjects were defined as non-
responders. This difference was not significant by chi-
square analysis.

Startle reactivity. The initial reactivity to the first
(unique) pulse-alone trial was not significantly differ-
ent between schizophrenic and comparison subjects
(F=1.00, df=1, 60, p>0.05).

Pulse-alone magnitude. Mean startle magnitude for
pulse-alone trials was assessed by ANOVA. The effect
of diagnostic group was not significant (F=2.45, df=1,
61, p>0.05), but schizophrenic patients appeared to
have nonsignificantly lower pulse-alone magnitudes
than comparison subjects (table 3). There was a signif-
icant block effect (F=77.48, df=1, 61, p<0.001), with
lower pulse magnitude in the second block of trials, re-

TABLE 2. Symptom Ratings for Male Schizophrenic Patients

Measure

Score

Mean SD

Global Assessment of Functioning Scale (N=38) 28.8 7.6
Global SANS (N=37) 13.1 6.0
Global SAPS (N=37) 12.5 3.6
BPRS (N=35) 29.2 11.6

TABLE 3. Startle Response of Normal and Schizophrenic Male
Subjects to Acoustic Stimuli (Pulses) Presented Alone and
Magnitude of Startle Inhibition Produced by Prepulses of Var-
ious Intensities

Measure

Normal Group 
(N=24)

Schizophrenic 
Group
(N=39)

Mean SD Mean SD

Block 1
Startle magnitude for 

pulse-alone trials (digital 
units) 77.5 48.5 59.8 36.7

Prepulse inhibition (%)a

4-dB prepulse 5.2 47.7 2.5 28.5
8-dB prepulse 43.5 40.3 36.4 33.0

16-dB prepulse 65.7 28.2 43.8 25.0
Block 2

Startle magnitude for 
pulse-alone trials (digital 
units) 51.7 48.8 37.3 34.1

Prepulse inhibition (%)a

4-dB prepulse 22.9 49.1 3.8 37.5
8-dB prepulse 21.4 74.4 31.5 42.4

16-dB prepulse 65.4 39.9 45.2 47.1
a For schizophrenic patients, N=36.
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flecting habituation to the startling stimuli in both
groups. The diagnosis-by-trial-block interaction was
not significant.

Latency facilitation. To assess the effect of the vari-
ous prepulse conditions on onset and peak latency,
means for each trial type were examined for block 1,
before significant habituation had taken place, and, in
addition, were collapsed across the session (figure 1).
In block 1, the main effect of diagnosis was significant
(F=7.72, df=1, 55, p<0.01), with schizophrenic pa-
tients having significantly longer onset latencies than
comparison subjects. All groups showed significant la-
tency facilitation (F=13.92, df=4, 220, p<0.001), with
the shortest onset latencies occurring with the most in-
tense prepulse levels. The same patterns (longer laten-
cies in schizophrenic patients but normal latency facil-
itation) were evident when the data were collapsed
across the session. Peak latency was also assessed for
block 1 and across the session. Schizophrenic patients
had longer peak latencies in block 1 (F=8.99, df=1, 55,
p<0.005) and across the session (F=4.75, df=1, 45, p<
0.05). In addition, all groups showed significant la-
tency facilitation in block 1 (F=39.7, df=4, 220, p<
0.001) and across the session (F=21.56, df=4, 180, p<
0.001). The diagnosis-by-prepulse-intensity interac-
tion was not significant.

Prepulse inhibition. Percent prepulse inhibition was
assessed in schizophrenic patients and comparison
subjects across the two blocks of the session (table 3).
As seen in previous studies (18), magnitude facilitation
rather than inhibition occurred for all groups with the
weakest prepulse (2 dB above background), so that our
analyses were restricted to the three prepulse intensi-
ties at which prepulse inhibition was evident. Repeated
measure ANOVA, with diagnosis as a between-subject
factor and prepulse intensity and trial block as within-
subject factors, revealed that the main effect of diagno-
sis was not significant (F=2.14, df=1, 58, p>0.05).
There was a significant effect of prepulse intensity (F=
54.79, df=2, 116, p<0.001), with louder prepulses pro-
ducing more prepulse inhibition. There was a signifi-
cant prepulse-intensity-by-diagnosis interaction (F=
3.23, df=2, 116, p<0.05), with greater group differ-
ences observed with the more intense prepulse levels.
Post hoc t tests revealed that male schizophrenic pa-
tients had significantly less prepulse inhibition in the
16-dB prepulse condition than did male comparison
subjects (t=2.28, df=1, 61, p<0.05). In addition, the
block-by-prepulse-intensity interaction was significant
(F=3.25, df=2, 116, p<0.05) because of trends for in-
creased prepulse inhibition for the 4- and 16-dB condi-
tions in block 2 (versus block 1), whereas prepulse in-
hibition tended to decrease for the 8-dB prepulse
condition in the second block.

Because the schizophrenic patients were significantly
older and had significantly less education than did the
comparison subjects, prepulse inhibition analyses were
repeated and age and education were used as covari-
ates. The main effect of prepulse intensity (F=54.79,
df=2, 116, p<0.001), diagnosis-by-prepulse-intensity

interaction (F=3.23, df=2, 116, p<0.05), and the
block-by-prepulse-intensity interaction (F=3.25, df=2,
116, p<0.05) remained significant. A subset of schizo-
phrenic patients (N=30, mean age=32.5 years) and
comparison subjects (N=19, mean age=29.5) was
matched for mean age. The main effect of prepulse in-
tensity (F=40.45, df=2, 90, p<0.001), the diagnosis-by-
prepulse-intensity interaction (F=3.36, df=2, 90, p<
0.05), and the block-by-prepulse-intensity interaction
(F=3.64, df=2, 90, p<0.05) remained significant. In ad-
dition, a subset of schizophrenic patients (N=26, mean
years of education=13.0) and comparison subjects (N=
15, mean years of education=13.5) was matched for
mean educational level. The main effect of prepulse in-
tensity (F=43.58, df=2, 74, p<0.001) and the diagno-
sis-by-prepulse-intensity interaction (F=3.24, df=2, 74,
p<0.05) remained significant. The block-by-prepulse-
intensity interaction failed to achieve significance in
this subset.

Prepulse facilitation. Both comparison subjects and
schizophrenic patients showed startle magnitude fa-
cilitation with 2-dB prepulses, but main effects of di-
agnosis and of block were not significant, nor was the
interaction.

Habituation. To assess group differences in habitua-
tion, mean startle magnitude for the pulse-alone trials
was assessed by ANOVA. As described earlier, both
groups showed significant habituation, with lower
pulse magnitude in the second trial block (F=77.48,
df=1, 61, p<0.001). There were no differences in habit-
uation between the two groups, as reflected by a non-
significant diagnosis-by-trial-block interaction (F=
0.34, df=1, 61, p>0.05). When percent habituation for

FIGURE 1. Onset and Peak Latency for Normal Comparison
Subjects and Schizophrenic Patients
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the 12 pulse-alone trials was analyzed, the effect of
group was also not significant.

Correlations of prepulse inhibition and symptoms.
Spearman rank order correlations for prepulse inhibi-
tion in the 16-dB condition (in which both prepulse in-
hibition and prepulse inhibition group differences were
maximal) and the three symptom rating scales (BPRS,
SANS, and SAPS) for schizophrenic subjects (N=37 be-
cause of missing SANS and SAPS scores for two pa-
tients) revealed that less prepulse inhibition correlated
significantly with increased global SAPS (r=–0.489, N=
37, p<0.01) and increased global SANS (r=–0.441, N=
37, p<0.01) scores. 

Spearman rank order correlations with a limited
number of patient demographic variables, including
age, age at onset, duration, number of hospitalizations,
and anticholinergic and chlorpromazine equivalents,
revealed that age was significantly correlated with
mean prepulse inhibition on 16-dB trials (r=–0.460, p<
0.01), with older subjects having less prepulse inhibi-
tion. No other correlations were statistically signifi-
cant (N=39).

DISCUSSION

This study shows that schizophrenic patients have
maximal prepulse inhibition deficits when stronger
prepulses are used and that these prepulse inhibition
deficits correlate with both positive and negative
symptoms. Thus, when the prepulse is 16 dB (versus
2, 4, or 8 dB) above an experimentally delivered 70-
dB background noise level, schizophrenic patients
are maximally deficient in prepulse inhibition com-
pared to the normal subjects. This finding reinforces
the importance of precisely controlling background
noise levels, prepulse intensity, and other parameters
in studies of prepulse inhibition and psychopatholog-
ical groups (see below). In the 16-dB prepulse condi-
tion, we also observed significant correlations be-
tween diminished prepulse inhibition an d both
positive and negative symptoms. Previous studies have
shown strong associations between prepulse inhibition
deficits and thought disorder (17) and distractibility
(16). To our knowledge, this is the first study that has
reported a significant correlation between prepulse in-
hibition and SAPS- and SANS-derived positive and
negative symptoms.

The current pattern of schizophrenia-linked prepulse
inhibition deficits at only the strongest prepulse inhibi-
tion levels at first appears discrepant with the finding
by Grillon et al. (12) of prepulse inhibition deficits
across a range of prepulse intensities. There are several
differences in the parametric characteristics of the two
experiments that may account for this difference. In
the Grillon et al. study, a less intense startling stimulus
was used (106 dB versus 118 dB), and prepulse inten-
sities were more intense: prepulse stimuli were 5, 10,
15, and 20 dB above background. Grillon et al. also
used a longer interstimulus interval (120 msec versus

60 msec) and an intertrial interval with a duration
twice as long as that used in the present study. Cumu-
latively, the Grillon et al. study used prepulse trials
that were expected to produce more prepulse inhibi-
tion due to the use of generally greater prepulse-to-
background decibel levels and longer prepulse-to-star-
tle interstimulus intervals and were thus more similar
to the most intense prepulse condition used in the cur-
rent study, where, in fact, we did find a significant
group difference.

Until now, the major functional correlates of pre-
pulse inhibition deficits in schizophrenic patients have
been the association of decreased prepulse inhibition
with thought disorder (17) and distractibility (16). It
now appears that in male schizophrenic patients, both
global positive and negative symptoms correlate with
prepulse inhibition deficits. From a theoretical stand-
point, positive symptoms have been associated with in-
creased subcortical dopamine activity, whereas nega-
tive symptoms have been associated with frontal
cortical hypodopaminergia in schizophrenic patients
(27). Animal model studies provide evidence that
prepulse inhibition is regulated by both subcortical
and frontal cortical dopaminergic substrates: prepulse
inhibition is reduced by manipulations that directly de-
crease frontal cortical dopamine activity (28) and by
manipulations that directly increase dopamine activity
in subcortical mesolimbic terminal fields (29, 30). Fur-
thermore, reduced prepulse inhibition after frontal
cortical dopamine depletion may result from increased
subcortical dopamine activity (28), consistent with a
reciprocal relationship between frontal cortical and
mesolimbic dopamine activity (31). The significant
symptom correlations with prepulse inhibition deficits
in the present study may thus reflect the fact that the
brain substrates that regulate prepulse inhibition in-
clude those associated with the genesis of both positive
and negative symptoms in schizophrenia. It is impor-
tant to note that prepulse inhibition deficits are not
unique to schizophrenic patients and are observed in a
family of “gating disordered” groups that are charac-
terized by abnormalities within frontal cortical and/or
subcortical dopaminergic circuitry (32–34).

While numerous investigators have found prepulse
inhibition deficits and correlates of those deficits in
schizophrenic and psychosis-prone patients (9–17), the
paradigm itself is complex. In human and animal
model studies, even minor-appearing alterations in
background noise, prepulse type (e.g., tone versus
noise), prepulse-to-background noise intensity differ-
ences, and startle stimulus characteristics may alter the
observed group differences (35). It is important to
note that we originally selected the uninstructed
prepulse inhibition paradigm as a way to assess possi-
ble involuntary or automatic processing deficits in
schizophrenic patients (9) because voluntary process-
ing deficits are so frequently reported in schizophrenic
patients and may be the result of distraction or simple
“inattention.” Subsequently, these uninstructed pre-
pulse inhibition deficits have been replicated in schizo-
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phrenic and related subject populations (9–17). Similar
uninstructed processing deficits have been reported
through use of a two-stimulus P50-evoked response
paradigm (36, 37) and other two-stimulus paradigms
(38). Dawson and Nuechterlein (39) used an innova-
tive variant of the prepulse inhibition paradigm in
which attending to the prepulse itself is controlled in
order to assess attentional allocation to the prepulse.
Still, this is a different paradigm that used a population
of younger, treatment-responsive patients. These in-
vestigators found voluntary attentional modulation
deficits in these young schizophrenic patients but no
deficits in the uninstructed condition in which the
parametric conditions were quite different from the
paradigm presented here. In parallel, we have reported
that older schizophrenic patients show a similar lack of
attentional modulation of prepulse inhibition (40)
compared with older normal subjects who exhibit
fairly robust increased prepulse inhibition in the “at-
tend” condition. In similar paradigms, though, we
have failed to observe increased prepulse inhibition in
normal subjects in various iterations of an attend con-
dition (41). This rather complex pattern of results
across paradigms is not particularly surprising and
probably represents 1) parametric differences used in
various experiments (as cited earlier); 2) differences in
patient characteristics, such as duration of illness and
symptom level (as reflected here); and 3) other factors
including the increased use of patients treated with
atypical (versus typical) antipsychotic medications,
which may selectively normalize prepulse inhibition
deficits in schizophrenic patients, per our findings in
animal model data (42) and as reported by Nagamoto
et al. (43) in a two-stimulus P50-suppression para-
digm. It is clear that more work needs to be done in
this interesting domain of the attentional modulation
of prepulse inhibition.

The use of prepulse inhibition in clinical research is
made particularly salient by a clear homologous ani-
mal model and a corresponding known neural circuit
basis of prepulse inhibition (see Introduction). The
power of this model of deficient prepulse inhibition in
schizophrenia is evident from the fact that the ability
of antipsychotics to restore prepulse inhibition in
dopamine agonist-treated rats correlates significantly
(r=0.99) with their clinical antipsychotic potency (30).
The results across studies indicate that thought disor-
der, distractibility, and positive and negative symp-
toms all correlate with deficient prepulse inhibition in
male schizophrenic patients. Several caveats should be
noted. First, the important issue of gender effects in
schizophrenia warrants further examination. Second,
the level of correlation between prepulse inhibition
deficits and SANS and SAPS ratings (versus measures
of thought disorder used in previous studies [17]) is of
interest but is probably not robust enough to pursue in
great detail. On the basis of these results, a next logical
and generative step would be to examine the relation-
ship of prepulse inhibition (and other information pro-
cessing measures) to cognitive and functional measures

of outcome (17, 44). We are now conducting these
studies in both male and female schizophrenic patients.
In addition, studies of regional brain activation and the
genetics of prepulse inhibition may offer unique in-
sights into brain/behavior relationships in patients af-
flicted with schizophrenia.
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