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Objective: Patients with schizophrenia
are known to have inhibitory gating defi-
cits in the suppression of evoked poten-
tial P50 response to repeated stimuli and
the prepulse inhibition of the startle re-
sponse. In the current study, the authors
aimed to determine whether these two
inhibitory gating measures are related in
schizophrenia patients or whether abnor-
mal P50 suppression and abnormal
prepulse inhibition are independent neu-
rophysiological characteristics of schizo-
phrenia. The authors hypothesized that
the relationship of the two measures may
vary as a function of interstimulus inter-
vals of stimulus presentations.

Method: Fifty-nine schizophrenia pa-
tients and 17 healthy comparison sub-
jects were tested on both P50 suppression
and prepulse inhibition. P50 suppression
was measured using paired clicks with
500-msec interstimulus intervals.
Prepulse inhibition was measured by us-
ing a series of prepulse-pulse pairs with

interstimulus intervals ranging from 30 to
500 msec.

Results: Patients showed reduced P50
suppression and prepulse inhibition in re-
lation to healthy comparison subjects.
Concordance analysis showed that abnor-
mal P50 suppression and abnormal
prepulse inhibition do not necessarily oc-
cur together. Prepulse inhibition was
most prominent at the 120-msec inter-
stimulus interval, which was not corre-
lated to P50 suppression. At the 500-msec
interstimulus interval, prepulse inhibition
was significantly but negatively correlated
to P50 suppression. Prepulse inhibition at
the other interstimulus intervals was not
correlated with P50 suppression.

Conclusions: These neurophysiological
measures lack robust and direct relation-
ships and likely mark independent as-
pects of abnormal brain inhibitory func-
tions in schizophrenia.

(Am J Psychiatry 2007; 164:61-65)

Poblems in sensory and sensorimotor gating, as mea-
sured by suppression of the P50 evoked potential and
prepulse inhibition of the startle response, are observed in
schizophrenia and thought to mark the disease’s liability
(1-3). The P50 suppression and prepulse inhibition mea-
sures share the underlying conceptual framework of in-
hibitory “gating” to physiological responses. In addition,
the two measures are similar on several other features: au-
ditory stimuli are the most commonly used stimulation
method in both measures; the first stimulus in both of
these paradigms uses a nonstartling sound, and a subse-
quent stimulus is presented as part of paired stimuli with
a certain interstimulus interval in both tasks.

Given these similarities, it is puzzling that previous re-
ports showed a general lack of or only indirect correlation
between these two measures in healthy subjects (4-7), in
individuals with schizotypal personality disorders (8), and
in animal studies (9). However, previous studies did not ex-
amine the correlations between the two measures in
schizophrenia patients, in which P50 suppression and
prepulse inhibition abnormalities are frequent. In addi-
tion, it is important to determine whether a lack of correla-

tion also means a lack of concordance of abnormal P50
suppression and abnormal prepulse inhibition in patients.
Knowledge of the latter issue is critical in assigning the
phenotypic status of these measures in genetic studies.

In previous experiments, the interstimulus interval for
P50 suppression was always 500 msec, whereas the inter-
stimulus intervals for prepulse inhibition were 30 msec
(8), 60 msec (6), or 120 msec (4, 5, 7). Timing is a basic de-
terminant for signal processing in the neural circuitry. The
use of different intrapair intervals between P50 and
prepulse inhibition tasks may critically contribute to how
performance on the two tasks is related. We hypothesized
that these two measures may indeed be similar, but the
strength of the correlations is a function of the interstimu-
lus interval. Thus, our study systematically varied the in-
terstimulus intervals for prepulse inhibition (from 30
msec to 500 msec) and examined how variations in the in-
terstimulus interval may affect the P50-prepulse inhibi-
tion correlations. Of particular interest was examining the
correlation when the interstimulus interval becomes sim-
ilar and then overlaps (at 500 msec). Although one can
make an argument for examining P50 suppression at the
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60-120-msec interstimulus interval, an interval when
prepulse inhibition is most robust, this was not done in
our study because most patients with schizophrenia show
normal P50 suppression at the 100-msec interstimulus in-
terval (10).

Method

Subjects

Fifty-nine outpatients with schizophrenia (ages 18-65) were
tested on both tasks. The Structured Clinical Interview for DSM-
IV (SCID) was administered to all subjects to obtain DSM-1V diag-
noses. The patients were individuals with DSM-1IV schizophrenia
(N=55) or Research Diagnostic Criteria schizoaffective disorder
(mainly schizophrenia, N=4) who were medicated and clinically
stable. Five patients were taking first-generation antipsychotic
medications (chlorpromazine-equivalent dose: mean=690.0 mg/
day, SD=424.8), and 54 patients were taking second-generation
antipsychotic medications, including 18 taking clozapine (dos-
age: mean=465.8 mg/day, SD=131.6); 19 taking olanzapine
(mean=21.4 mg/day, SD=10.1), nine taking risperidone (mean=
5.2 mg/day, SD=2.3), four taking quetiapine (mean=500.0 mg/
day, SD=383.0); two taking aripiprazole (10 mg/day), and one tak-
ing ziprasidone (120 mg/day). One patient was taking both cloza-
pine and olanzapine; four patients were taking medications of
both generations. Symptoms in patients were measured with the
20-item Brief Psychiatric Rating Scale (BPRS) using 1-7 scores for
each item. Seventeen healthy comparison subjects (no axis I or I
diagnosis or family history of psychosis based on family history
Research Diagnostic Criteria) were recruited using local commu-
nity newspaper advertisements. The University of Maryland’s in-
stitutional review board approved written informed consent ob-
tained from each subject.

Laboratory Procedures

P50 Suppression. A hearing screen was carried out. All subjects
had a hearing threshold below 35 dB at 500 Hz. P50 methods were
similar to those previously reported (11). EEGs were recorded
(skin impedance <5 Kohms) by the 28 electrode Quick-Cap (Neu-
romedical Supplies, El Paso, Tex.) and a Neuroscan SynAmp sam-
pling (Neuromedical Supplies, El Paso, Tex.) at 1000 Hz using
bandpass 0.1 to 100 Hz to yield 500-msec epochs, including a 100-
msec prestimulus window. The subjects were presented with 150
pairs of 1-msec, 72-dB click stimuli through a pair of loudspeak-
ers. Clicks within pairs were presented 500 msec apart, while pairs
of clicks occurred at a 10-second interval. The sound intensity
was measured by placing the Sound Level Meter (model 2700,
Quest Technologies, Oconomowoc, Wis.) (on the A scale, sound
pressure level mode, peak level at 60-120-dB range) next to the
ear. Trials containing artifacts (75 uV) were rejected by a threshold
filter. Epochs were then visually examined to reject additional ap-
parent artifact. The vertex channel CZ was used for P50 data anal-
ysis (10). Time-locked evoked potentials were obtained by averag-
ing all artifact-free epochs, filtered at 10-100 Hz, 24- dB slopes.
For S1, P50 was defined as the most positive deflection 35-75
msec after stimulus presentation. Amplitudes were measured by
the absolute differences between the positive peak and the pre-
ceding negative trough. For S2, P50 was selected within a window
of the S1 latency + 10 msec for each subject. P50 suppression was
defined by percent suppression in P50 amplitudes (% suppres-
sion = [S1 response — S2 response]/S1 response x 100). Percent
suppressions instead of ratios were used for both P50 and
prepulse inhibition so that they were directly comparable.

Prepulse Inhibition. The orbicularis oculi electromyographic
activity was recorded from the right eye, filtered (1-1000 Hz, 60-
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Hznotch filter), and digitized at a 1-kHz rate. The acoustic stimuli
were generated by a Psylab Stand Alone monitor and a tone gen-
erator (both from Contact Precision Instruments, Cambridge,
Mass.) and delivered with headphones. Electromyographic activ-
ity was directed through a Grass A.C. Amplifier (model 1CP511,
Astro-Med., Inc., West Warwick, R.I.) and was acquired by using
commercially available hardware and software (BioPac, Gloeta,
Calif.). The sound intensity was measured under the same set-
tings as above by using a headphone coupler (Model EC-9A,
Quest Technologies, Oconomowoc, Wis.) with a standard 1-1b
weight strapped on the headphone during measurement. The
electromyographic activity recording was processed offline with a
100-Hz high-pass filter and baseline correction by using a 100-
msec prestimulus baseline. Response onset was defined by the
first crossing from baseline within a 20-120-msec window after
stimulus onset. Peak response amplitude was calculated by the
difference of the most positive peak and most negative trough in
a 20- to 150- msec window after pulse onset. Nonresponders to
startle stimuli were defined as subjects who responded to less
than 50% of the first eight pulse-alone trials. A session started
with a 3-minute acclimation period with 70-dB white noise. Star-
tling pulse-alone trials contained 116-dB white noise lasting 40
msec, and the prepulse-pulse trials contained a 20-msec, 80-dB
white noise prepulse or 10 dB above the background noise. The
following prepulse-pulse interstimulus intervals, or lead condi-
tions, were tested: 30, 45, 60, 75, 90, 120, 180, 240, and 500 msec.
The first three startle responses were discarded. After the three
trials, each interstimulus interval condition was presented six
times, while the pulse-alone trial was presented 12 times, for a to-
tal of 66 trials per session in pseudorandom order. Intertrial inter-
vals varied from 12 to 20 seconds. A session lasted for about 20
minutes. Prepulse inhibition was calculated for each interstimu-
lus interval condition as percent suppression in response ampli-
tudes (% prepulse inhibition = [startle alone — lead condition]/
startle alone x 100). During both measurements, the subjects
were told to relax and keep their eyes open.

The order of testing was determined by scheduling: 32% of the
patients were tested on P50 first and 68% on prepulse inhibition
first. The time interval between P50 and prepulse inhibition test-
ing was mean=53, SD=69, range=0-275, median-15 days. There
was a minimum of 2 hours of separation between P50 and
prepulse inhibition testing if the subjects were tested on the same
day. Subjects with any change of medication during the study
were not included in this report. We examined P50 suppression
and prepulse inhibition as trait measures for schizophrenia;
therefore, simultaneous data collection was not sought. All data
preprocessing and scoring were performed blind to subject iden-
tities and group membership. P50 and prepulse inhibition
records were separately blinded.

Analysis

Data distributions were examined by the Kolmogorov-Smirnov
goodness of fit test. Analysis of variance (ANOVA) was used to as-
sess differences between patients and comparison subjects in
percent suppressions. Pearson’s correlation coefficients were per-
formed separately among the two groups. We used kappa statis-
tics to test the concordance of abnormal P50 suppression and ab-
normal prepulse inhibition, with abnormality defined as one
standard deviation below the mean of the measure in healthy
comparison subjects (12). All tests were two-tailed.

Results

General Characteristics of the Participants

The patients and comparison subjects were not signifi-
cantly different in age (mean=40.8 years, SD=10.3, and
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FIGURE 1. Comparison of Prepulse Inhibition of the Startle Response Across Various Prepulse-Pulse Interstimulus Intervals

in Schizophrenia Patients and Healthy Comparison Subjects
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aSignificant difference between patients and comparison subjects (p<0.05).

mean=39.8, SD=12.4, respectively; F=1.40, df=1, 75, p=
0.71). There was a greater proportion of men in the patient
group (13 women and 46 men compared with nine
women and eight men in the comparison group; y?=6.13,
df=1, p=0.03). However, there were no significant gender
differences in P50 suppression (F=1.89, df=1, 174, p=0.17)
or prepulse inhibition (at a 120-msec interstimulus inter-
val, F=0.80, df=1, 52, p=0.38). There was also no significant
gender-by-group interaction for P50 suppression (F=0.48,
df=1, 74, p=0.43) or prepulse inhibition (F=0.21, df=1, 52,
p=0.94). Kolmogorov-Smirnov tests showed no significant
deviation from normal distributions for P50 suppression
and prepulse inhibition variables in either comparison
subjects or patients (all p>0.33). In patients, the BPRS total
score was mean=37.6, SD=8.4. No significant correlations
between BPRS total score and P50 suppression or prepulse
inhibition were found.

P50 Suppression

The patients had a reduced percent P50 suppression in
relation to the healthy comparison subjects (mean=30.1%,
SD=24.1%, versus mean=43.6%, SD=17.3%, respectively;
F=4.37, df=1, 74, p=0.04). The patients did not significantly
differ from the comparison subjects in S1 latency (mean=
57.1 msec, SD=10.3, versus mean=>59.1, SD=7.2; F=0.53,
df=1, 74, p=0.47), S1 amplitude (mean=3.6 uV, SD=3.1, ver-
sus mean=3.5 WV, SD=1.3; F=0.03, df=1, 74, p=0.88), or S2
amplitude (mean=2.5 uV, SD=2.5, versus mean=2.0 uV,
SD=0.9; F=0.64, df=1, 74, p=0.43).

Prepulse Inhibition

Nonresponder criteria were met in four comparison
subjects (23.5%) and 19 patients (32.2%) (x?=0.47, df=1, 76,
p=0.49) who were not included in calculations of prepulse
inhibition. In both groups, the largest prepulse inhibition
effect was obtained at the 120-msec interstimulus interval
(Figure 1), supporting the use of this interval as the pri-
mary lead condition for prepulse inhibition (3). Repeated-
measures ANOVA showed a nonsignificant interstimulus
interval-by-diagnosis interaction (F=0.25, df=1, 36, p=
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0.62) but a significant diagnosis-by-main effect interac-
tion (F=4.00, df=1, 36, p=0.05). Post hoc tests showed that
at the 120-msec interstimulus interval, there was a signifi-
cant difference in prepulse inhibition between patients
and comparison subjects (mean=35.4%, SD=26.0%, versus
mean=55.3%, SD=14.1%, respectively; F=6.89, df=1, 52, p=
0.01). Prepulse inhibition also differed between groups at
a 90-msec interstimulus interval (F=4.58, df=1, 49, p=0.04)
and a 30-msec interstimulus interval (F=4.54, df=1, 44, p=
0.04). The patients had less startle inhibition across all in-
terstimulus intervals. The patients and comparison sub-
jects showed no significant differences in startle response
amplitudes to the pulse-alone trials (mean=45.4 puV, SD=
31.9, versus mean=>55.8 uV, SD=35.6, respectively; F=0.99,
df=1, 52, p=0.32), the prepulse-pulse trials at a 120-msec
interstimulus interval (mean=25.1 uV, SD=14.3, versus
mean=23.7 uV, SD=15.6, respectively; F=0.09, df=1, 52, p=
0.76), or the prepulse-pulse trials at any other interstimu-
lus intervals (all p>0.25).

Correlation of P50 Suppression and Prepulse
Inhibition

In schizophrenia patients, P50 suppression and
prepulse inhibition at the primary lead of 120-msec inter-
stimulus intervals were not correlated (N=40; r=0.02, p=
0.89). At the 500-msec interstimulus interval (identical in-
terstimulus interval), prepulse inhibition was significantly
but negatively correlated to P50 suppression (r=-0.34, p=
0.03), i.e., less P50 suppression was paradoxically associ-
ated with more prepulse inhibition. There were no signifi-
cant correlations between P50 and other prepulse inhibi-
tion interstimulus intervals (all p>0.31) for patients. There
were also no significant correlations between P50 and any
prepulse inhibition interstimulus intervals among com-
parison subjects (N=13; all p>0.13) (Figure 2).

It is unclear why only prepulse inhibition at the 500-
msec interstimulus interval showed significant correla-
tions with P50 and why it was unexpectedly an inverse re-
lationship. An examination of the data suggested that
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FIGURE 2. Correlation Coefficients and 95% Confidence Intervals (Cls) Between P50 Suppression and Prepulse Inhibition of

Different Interstimulus Intervals in Schizophrenia Patients?
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about 20% of the patients had prepulse facilitation, i.e.,
prepulse induced a stronger response compared to re-
sponse to startle pulse alone, which was known to occur in
longer prepulse-pulse intervals (13). One possibility was
that prepulse facilitation might be associated with more
P50 suppression. To test the a posteriori hypothesis, the
patients were divided into prepulse facilitation (prepulse
inhibition <0%) or no prepulse facilitation (prepulse inhi-
bition >0%). The patients showing prepulse facilitation
had more P50 suppression (N=12; mean=42.4%, SD=
24.4%) compared to the rest of the patients (mean=24.3%,
SD=28.4%; F=4.13, df=1, 58, p=0.05).

Effects of Antipsychotic Medications

There was an insufficient number of patients taking
first-generation antipsychotic medications (N=5) to com-
pare the effects of first- versus new-generation antipsy-
chotic medications. Patients taking clozapine did not sig-
nificantly differ from patients not taking clozapine in
prepulse inhibition at the 120-msec interstimulus interval
(mean=39.6%, SD=21.8%, versus mean=33.3%, SD=28.3%,
respectively; F=0.48, df=1, 38, p=0.49). The two patient
groups were also not significantly different in P50 sup-
pression (patients taking clozapine: mean=37.5%, SD=
25.3%, versus patients not taking clozapine: mean=25.4%,
SD=21.5%; F=2.98, df=1, 57, p=0.09). However, this could
be a type I error because several previous studies have
suggested that clozapine may increase P50 suppression
and prepulse inhibition (14-18).

Concordance of P50 Suppression and Prepulse
Inhibition Abnormalities

The hypothesis that P50 suppression and prepulse inhi-
bition abnormalities co-occur was not supported (four
groups: 12 patients with abnormal P50 suppression only,
10 with abnormal prepulse inhibition only, 12 who were
normal on both measures, and six who were abnormal on
both; kappa=-0.12, p=0.52). Concordant cases (N=18) did
not occur more frequently than discordant cases (N=22).
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The hypothesis of co-occurrence of P50 and prepulse inhi-
bition abnormalities at any other interstimulus interval
was also not supported (all kappa >0.22 in absolute values;
all p>0.15), with the exception of prepulse inhibition at a
240-msec interstimulus interval (kappa=-0.29, p<0.03, not
significant after correction for multiple comparisons).

Discussion

We found that patients with schizophrenia, as a group,
have abnormal evoked potential P50 suppression and
prepulse inhibition. However, concordance analysis sug-
gested that deficits in these measures do not co-occur in
individual patients by more than chance. Correlation
analyses further support the independence of the two gat-
ing measures. The lack of substantial correlation was gen-
erally true across the range of interstimulus intervals (30—
500 msec) that were typically necessary to elicit prepulse
inhibition (13).

The neural circuits for P50 suppression and prepulse in-
hibition are partially known. For P50 suppression, data
implicate the temporal-parietal cortical region, hippo-
campus, and prefrontal cortex (2, 19-21). Prepulse inhibi-
tion is robustly regulated by a number of forebrain and
other brain structures, including the hippocampus, me-
dial prefrontal region, basolateral amygdala, nucleus ac-
cumbens, striatum, and pontine startle circuitry (22).
Based on the current description of the two neural cir-
cuits, perhaps the hippocampus and the frontal area are
involved in both pathways. However, given the trivial cor-
relations and the lack of robust concordance in abnormal-
ities, deficits in the same locus could not be the primary
pathology because a common mechanism would entail
substantial interrelation between the two measures. A
more plausible explanation is that of multifactorial bio-
chemical or anatomic dysfunctions related to the illness,
and the P50 and prepulse inhibition paradigms may have
elicited partially nonoverlapping aspects of the multifac-
torial disease-related processes. In this context, we note
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that several drugs, including ketamine and a serotonin 5-
HT,a/2¢ agonist, are shown to have differential effects on
the two gating measures (23-26).

This study suggests that these neurophysiological mark-
ers associated with schizophrenia could be sorted inde-
pendently. When applying Mendel’s second law, one
would speculate that the genetic bases of the two inhibi-
tory endophenotypes are different. Once the sensitivity/
specificity of these measures are better established, ge-
netic studies may use these findings to enhance the ho-
mogeneity of patient grouping by, for instance, defining
subgroups of patients based on the concordance assign-
ment of these endophenotypes.
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