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Abstract
It has been suggested that sensorimotor gating deficits as indexed by prepulse inhibition (PPI) of the
acoustic startle reflex represent an endophenotypic marker of psychotic conditions such as
schizophrenia (SCZ). This hypothesis has been questioned as several studies have found that PPI
levels change with improvement in symptoms and are responsive to medications. We tested PPI in
a sample of acutely decompensated schizophrenia patients who were re-tested after 2 weeks of
hospital treatment. PPI was assessed at three interstimulus intervals (30, 60, and 120 ms) in 23 SCID-
diagnosed SCZ patients shortly after admission to an inpatient psychiatric hospital. Eight of these
patients were initially tested in a medication-free state, and all were re-tested approximately 2 weeks
later after initiation or increase/change of antipsychotic medications. Symptom ratings were collected
at both sessions. 20 nonpatient comparison subjects (NCS) were also tested at a 2-week interval.
While SCZ patients showed lower PPI at the first session than NCS, after 2 weeks of treatment their
PPI increased to levels not different than those of NCS. In contrast, the PPI of NCS remained
consistent over a 2-week period. For the SCZ patients, increase in PPI was correlated with a decrease
in symptom scores. Our results suggest that PPI can be improved by short-term treatment, and that
improvement in sensorimotor gating is associated with treatment-related improvement of symptoms
of schizophrenia.
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1. Introduction
Prepulse inhibition (PPI) is the reduction of the startle reflex by the presence of a non-startling
stimulus and is an operational measure of sensorimotor gating (Braff and Geyer, 1990). This
reflex, present in all mammals, is mediated by inhibitory cortical–striatal neural circuits (Braff
et al., 2001; Swerdlow and Koob, 1987) and hypothesized to be critical for inhibiting or
screening out internal and external stimuli (Braff et al., 1978, 1995; Perry and Braff, 1994).
Accordingly, individuals with neuro-psychiatric disorders characterized by inhibitory deficits
of sensory, motor and cognitive functions have impaired PPI, namely patients with
schizophrenia (Braff et al., 1978; Perry et al., 2002), as well as obsessive-compulsive disorder
(Swerdlow et al., 1993), Huntington’s (Swerdlow et al., 1995), Tourette’s syndrome (Swerdlow
et al., 2001), bipolar disorder (Perry et al., 2001), and adult autistic disorder (McAlonan et al.,
2002; Perry et al., 2006). PPI has been found to be highly stable and reliable in non-
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psychiatrically ill humans (Schwarzkopf et al., 1993). PPI can be studied across species and
schizophrenia-like PPI deficits in animals resulting from genetic, environmental, and
pharmacological manipulations have become useful animal models for studying the
mechanisms of psychiatric illness and the efficacy of antipsychotic compounds (Geyer et al.,
2001; Swerdlow et al., 2000).

Some evidence suggests that PPI deficits improve in schizophrenia patients treated with
atypical antipsychotic medication (Kumari et al., 1999; Leumann et al., 2002; Oranje et al.,
2002; Weike et al., 2000). In particular, several authors (Kumari et al., 1999; Oranje et al.,
2002) have reported that clozapine was superior to other antipsychotics in normalizing PPI.
These cross-sectional studies are promising but do not address whether PPI improvement is
mediated by antipsychotic medication or antipsychotic-related symptom reduction.

Several longitudinal studies have addressed the effect of medication status on PPI among
schizophrenia patients. Duncan and colleagues (2003) tested unmedicated, de-compensated
schizophrenia patients and retested them 3 months after antipsychotic treatment (Duncan et
al., 2003). They found continued impaired PPI in the face of symptomatic improvement;
however, this study did not include a non-schizophrenia comparison group, limiting the ability
to draw definitive conclusions. Mackeprang et al. studied PPI in a drug-naïve, first-episode
schizophrenia cohort and retested them 3 months later following treatment with risperidone or
a typical antipsychotic (Mackeprang et al., 2002). At baseline the patients had lower PPI than
comparison subjects which did not significantly improve with treatment. These findings in
addition to others’ work showing PPI deficits in first-degree relatives of schizophrenia patients
(Cadenhead et al., 2000), have led some to suggest that PPI deficits may be a stable
endophenotypic marker of schizophrenia. There have been, however, other longitudinal studies
that have reported PPI improvement following treatment. Meincke and his colleagues
(Meincke et al., 2004) tested medicated schizophrenia patients and a nonpatient group on two
occasions 2–3 weeks apart. The patients were tested following psychiatric admission and after
the onset of treatment. They found that the patients had impaired PPI at baseline but were not
different from the nonpatients at the second session, when patients’ symptoms had improved.
These authors also reported a significant relationship between PPI deficits and positive
symptoms. Recently, Quednow et al. (2006) tested hospitalized schizophrenia patients once
prior to treatment with either olanzapine or amisulpride, and again after 4 and 8 weeks of
treatment, and compared them to a group of nonpatients tested at the same time intervals.
Schizophrenia patients showed PPI deficits at the first session, but the groups were not
significantly different at the two subsequent test sessions.

These (Meincke et al., 2004; Quednow et al., 2006) studies suggest that, rather than being a
fixed characteristic of schizophrenia, PPI deficits improve with treatment. Still, it remains
unclear whether improvement in PPI is a direct function of the effects of antipsychotic
medications, or is related to improvement in symptoms. In the present study we sought to: 1)
examine PPI in schizophrenia patients who are hospitalized for decompensation and are treated
with antipsychotic medications for 2 weeks, and test non-patient comparison subjects over the
same time course, and 2) determine the relationship between PPI and changes in symptoms
over the course of treatment. Additionally, by comparing PPI changes in schizophrenia patients
who were initially unmedicated to patients initially medicated, we sought to address whether
treatment with antipsychotic medications is directly related to an amelioration of sensorimotor
gating deficits.
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2. Method
2.1. Participants

Twenty-three schizophrenia (SCZ) participants (16 M, 7 F) (mean age=35.3, S.D.=10.8)
diagnosed with the Structured Clinical Interview for DSM-IV Disorders (SCID) were tested
within 72 h of admission to the psychiatric service at UCSD-Medical Center and retested
approximately 2 weeks after their first session. Twenty (10 M, 10 F) nonpatient comparison
subjects (NCS) (mean age=31.9, S.D.=9.2) were tested twice, 2 weeks apart. Potential
participants from both groups were excluded for: Axis I and II disorders as assessed by the
SCID (apart from SCZ for the SCZ group), neurological illness or head trauma, unstable
medical illness, drug abuse or dependence within the past 6 months, treatment with
electroconvulsive therapy, or a positive result on a toxicology screen. The data from the first
test session of 17 SCZ pts and 4 NCS have been previously reported in Perry et al. (2002).

The SCZ patients were divided into groups based upon medication status at the time of the first
testing session (Session 1). Eight SCZ patients were identified as being medication free for at
least 1 week prior to admission (see Perry et al., 2002). These “unmedicated” participants were
tested prior to initiating antipsychotic medication treatment. Patients’ medication regimens
were not altered in any way because of participation in this research. Some patients refused
medications and others were in a brief period of observation prior to selection of an appropriate
medication as per normal clinical practice. Fifteen SCZ patients were treated with antipsychotic
medications for at least 1 week prior to admission (“medicated”) and continued treatment at
the time of the testing. In most cases (approximately 80%), medication status was verified by
our research staff with the patient’s caregivers. Medicated and unmedicated SCZ patients were
not significantly different in terms of age, years of education, or WAIS-R Vocabulary scaled
scores. By the second testing session, almost all of the SCZ patients in both groups had
completed 2 weeks of antipsychotic treatment (Table 1).

2.2. Procedure
After participants received a complete description of the study, written informed consent was
obtained. SCZ patients were assessed using the Positive and Negative Syndrome Scale
(PANSS) (Kay et al., 1987). The WAIS-R Vocabulary subtest was administered to obtain an
estimate of Verbal IQ. Participants refrained from nicotine use 30 min prior to startle testing.
All participants underwent a brief hearing screening using an audiometer. Participants were
seated comfortably in a reclining chair. Acoustic startle and prepulse stimuli were presented
binaurally through headphones. The eyeblink component of the auditory startle reflex was
measured using electromyography (EMG) of the orbicularis oculi muscle and EMG activity
was recorded and filtered per our established methods (Braff et al., 1992; Perry et al., 2002,
2001).

The startle session was consistent with previous methodology (Braff et al., 1992; Perry et al.,
2002, 2001), beginning with a 5-min acclimation period of 70 db white noise followed by four
blocks. The first and last block consisted of five pulse-alone trials of 40 ms 115 dB startle
stimuli. Blocks two and three consisted of pulse-alone and prepulse–pulse trials presented in
pseudorandom order. The 20 ms prepulse stimuli preceded the startle stimulus by 30, 60 or
120 ms and were 15 dB above the 70 dB background noise. The inter-trial interval averaged
15 s with a range of 8 to 22 s.

2.3. Data processing and statistical analyses
The startle measures were: 1) amplitude of the startle response to pulse alone trials as measured
in digital units. 2) Habituation of the startle response was measured by assessing the percentage
decrement in the amplitude of the startle response to pulse alone trials (Block 1 and Block 4).
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3) Prepulse inhibition (PPI), calculated as the percent decrement in startle amplitude in the
presence of the prepulse compared to the amplitude without the prepulse [100− (prepulse
amplitude/pulse amplitude)×100]. The data from subjects who showed extreme inconsistency
in PPI within the same session (≥ 1.5 standard deviations from mean PPI change from Block
2 to Block 3 in at least one interstimulus interval) were not included in the analyses. Average
PPI was calculated over Blocks 2 and 3 (the two blocks containing prepulse trials). Data were
inspected for normality and homogeneity. All statistical analyses were performed with SPSS
11.5. Significance level for the a priori analyses was set at p<.05, and for post-hoc analyses it
was conservatively set at p≤.025. Effect sizes were calculated using Cohen’s d.

3. Results
3.1. Startle amplitude, habituation and PPI between SCZ and NCS groups

NCS and SCZ patients did not significantly differ in age [t (41)=1.1, ns] or gender (χ2 =1.7,
ns). A Repeated Measures ANOVA revealed that SCZ patients had higher startle amplitude
than NCS overall [F (1, 41)=8.5, p=.01]. Post-hoc t-tests indicated that this significant
difference was at both Session 1 [t (41)=2.8, p=.01] and 2 [t (41)=2.6, p=.01]. There was no
main effect of session [F (1, 41)=.01, ns] nor a session-by-group interaction [F (1, 41)=.14,
ns], suggesting that startle amplitude for both groups was stable across sessions. For percent
habituation, there was no session main effect [F (1, 41)=.11, ns], no group main effect [F (1,
41)=.31, ns], and no session-by-group interaction [F (1, 41)=.65, ns].

For PPI, a 3×2×2 mixed ANOVA was conducted with interstimulus interval (30, 60, 120 ms)
and session (1, 2) as the repeated measures and group (SCZ, NCS) as the between-subjects
measure. There was a significant main effect of session [F (1, 41)=5.5, p=.02] such that PPI
improved over time. However, the significant session-by-group interaction [F (1, 41)=4.5,
p=.04] (Fig. 1) indicated that this improvement is largely accounted for by the SCZ patients.
There was a significant main effect of interstimulus interval [F (2, 40)=89.9, p<.001] such that
PPI was greater at the longer intervals, and a significant session-by-interstimulus interval
interaction [F (2, 40)= 3.4, p=.04] (Fig. 2). There was no significant main effect of group [F
(1, 41)=3.4, ns], no significant group-by-interstimulus interval interaction [F (2, 40)=.98, ns],
nor a significant group-by-session-by-interstimulus interval interaction [F (2, 40)=.64, ns].

To interpret the session-by-group interaction, post-hoc t-tests were conducted on average PPI
across all three interstimulus intervals. SCZ patients had significantly lower PPI than NCS at
Session 1 [t (41)=2.4, p=.02], but there was no group difference in PPI at Session 2 [t (41)=.
89, ns]. Paired-samples t-tests conducted separately for SCZ and NCS indicated that, while
SCZ patients’ PPI significantly increased from Session 1 to Session 2 [t (22)=3.2, p=.004],
NCS’ PPI remained relatively consistent [t (19)=.16, ns]. Effect sizes for the difference in PPI
from Session 1 to Session 2 for the SCZ patients were as follows: 30 ms d=.46, 60 ms d=.55,
120 ms d=.39.

Because SCZ patients had larger startle amplitude compared to the NCS, we assessed whether
amplitude differences accounted for PPI differences. A mixed 3×2×2 ANOVA on PPI was
conducted on a subset of the two groups that were matched on amplitude (SCZ n=20, NCS
n=17). There was a significant session-by-group interaction [F (1, 35)=6.1, p =.02], and no
group-by-session-by-interstimulus interval interaction [F (2, 34)=.99, ns].

3.2. Relationship between PPI and symptom status
Pearson R correlations were calculated between PPI at Session 1 and PANSS scores at Session
1, as well as between change in PPI from Session 1 to Session 2 and change in PANSS scores
from Sessions 1 to 2. Analyses were conducted using PPI averaged across all inter-stimulus
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intervals. We also conducted separate analyses for the interstimulus intervals based upon our
and others’ findings showing significant relationships between symptoms and PPI at the longer
intervals (Perry and Braff, 1994; Perry et al., 1999; Weike et al., 2000). There was a trend for
negative symptom scores at Session 1 to be inversely correlated with PPI at the 30 ms condition.
Improved PPI over the two sessions was related to a decrease in all PANSS subscales, most
notably in the 60 ms condition and with the negative symptom subscale (Table 2).

3.3. Medication status
SCZ patients who were initially unmedicated and medicated were compared on startle and PPI
at Sessions 1 and 2. There was no main effect of session on startle amplitude [F (1, 21)=.11,
ns], no main effect of group [F (1, 21)=1.04, ns], and no session-by-group interaction [F (1,
21)=.35, ns]. A 3×2×2 mixed ANOVA with medication status (medicated, unmedicated) as
the between-subjects measure revealed no main effect of group [F (1, 21) =.68, ns], no group-
by-session interaction [F (1, 21)=.77, ns], no group-by-interstimulus interval interaction [F (2,
20)=.39, ns], and no group-by-session-by-interstimulus interval interaction [F (2, 20)=.53, ns].

4. Discussion
In the present study we again found that at cross-section, decompensated schizophrenia patients
show PPI deficits when compared to nonpatients (Braff et al., 1978, 2001; Perry and Braff,
1994; Perry et al., 1999). We further found that the PPI levels of schizophrenia patients
improved after 2 weeks of psychiatric treatment, with a medium effect size. In contrast, PPI
levels of comparison subjects remained relatively unchanged across the same two time points.
The present findings support those of Meincke et al. (2004) and Quednow et al. (2006) who
found PPI deficits in schizophrenia that dissipated after a period of treatment. Furthermore,
change in PPI among the schizophrenia patients was inversely correlated with change in
symptom scores. Change in positive symptoms was correlated with change in PPI in one of
the three interstimulus interval conditions, and change in negative symptoms was correlated
to change in overall PPI. Thus, improvement in PPI over this relatively short treatment period
did appear to be related to symptom improvement.

In contrast to our results, Duncan et al. (2003) and Mackeprang et al. (2002) reported that that
treatment or symptom reduction was unrelated to PPI levels in schizophrenia patients. However
Duncan and colleagues also pointed out that restriction of range may have prevented the reliable
detection of improvement in PPI, and as they did not have a comparison group it remains
difficult to assess whether schizophrenia patients had noticeable PPI deficits at their first test
session. Mackeprang et al. noted that they tested a small group of patients treated with an
atypical antipsychotic (n=13). Therefore, further studies are required to resolve these
conflicting findings. Findings from first-degree family members of schizophrenia patients
indicate that PPI deficits may be a trait characteristic of schizophrenia. If subsequent research
confirms our findings that PPI varies within individuals across symptom states, this will suggest
that PPI in schizophrenia patients reflects both state and trait features relevant to the disorder.

The significant correlations between improvement in PPI and improvement in symptoms are
consistent with our (Perry et al., 1999) as well as others’ (Meincke et al., 2004) results that
sensorimotor gating deficits and psychotic symptomatology are related, and further highlight
that these two areas of impairment improve in relation to one another. However, to our
knowledge this is the first report showing not only a correlation in PPI and symptoms cross-
sectionally, but a systematic relationship between improvement in symptoms and improvement
in PPI. Interestingly, this improvement is most evident for negative symptoms, which has not
been widely reported in the literature (but see (Braff et al., 1999)). This finding is noteworthy
given that there are reports that atypical antipsychotics appear to be more efficacious than
typicals at improving PPI (Kumari et al., 1999; Leumann et al., 2002; Oranje et al., 2002;
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Weike et al., 2000) and also negative symptoms (Moller, 2003). Increased dopamine in the
prefrontal cortex associated with atypical antipsychotic medications (Horacek et al., 2006) has
been implicated as a basis for amelioration of negative symptoms. It is possible therefore that
this mechanism also underlies the apparent improvement in PPI.

Quednow and colleagues (Quednow et al., 2006) recently reported that treatment with both a
selective dopamine (D2/D3) antagonist and a serotonin-2/D2 antagonist ameliorated PPI
deficits in schizophrenia patients. Accordingly, they suggest that dopamine regulation is the
crucial link in PPI and suggest a putative relationship between dopamine blockade and restoring
PPI. We had previously reported no differences in PPI between unmedicated and medicated
schizophrenia patients when assessed cross-sectionally (Perry et al., 2002). In the present study,
we found medication status at baseline did not differentially influence PPI following 2 weeks
of treatment. These findings suggest that PPI may not be solely mediated by dopamine blockade
and underscore the complex interplay between dopamine and symptomatology in
schizophrenia. Because of a small sample size and the naturalistic nature of this study where
medication status was not controlled or randomly assigned, our results are not conclusive.
Therefore, it remains unclear what direct impact antipsychotic medications have on PPI.

In conclusion, the current results suggest that PPI levels in acutely decompensated
schizophrenia patients are impaired at baseline and improve following 2 weeks of treatment,
and that improvement in PPI was related to a decrease in symptoms of the disease. More
rigorously controlled studies are needed using a consistent dose of an active antipsychotic
compound versus placebo, or testing the effects of antipsychotic medications on non-
schizophrenia populations who have PPI deficits.
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Fig. 1.
PPI averaged across 30 ms, 60 ms, and 120 ms interstimulus intervals across sessions for SCZ
patients (n=23) and NCS (n=20). * Significant difference between groups, p<.05.
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Fig. 2.
PPI for 30 ms, 60 ms, and 120 ms interstimulus intervals across sessions for SCZ patients
(n=23) and NCS (n=20). ** Significant difference between Session 1 and Session 2, p<.01. *
Significant difference between Session 1 and Session 2, p<.05.
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Table 1
Antipsychotic medication regimen for initially unmedicated (n=8) and initially
medicated (n=15) SCZ patients

Session 1 Session 2

Unmedicated SCZ:

 #1 None Risperidone 4 mg (266.7)

 #2 None Refusing medications

 #3 None Risperidone 4 mg (266.7)

 #4 None Risperidone 2 mg (133.3)

 #5 None Haloperidol 10 mg (500)

 #6 None Refusing medications

 #7 None Olanzapine 10 mg (250)

 #8 None Risperidone 4 mg (266.7)

Medicated SCZ:

 #1 Quetiapine 800 mg, Quetiapine 800 mg,

Risperidone 2 mg(933.3) Risperidone 2 mg(933.3)

 #2 Olanzapine 20 mg (500) Olanzapine 20 mg (500)

 #3 Olanzapine 20 mg (500) Refusing medications (500)

 #4 Quetiapine 400 mg (400) Quietiapine 300 mg (300)

 #5 Haloperidol 10 mg (500) Loxapine 50 mg (500)

 #6 Olanzapine 20 mg (500) Haloperidol 15 mg (750)

 #7 Olanzapine 20 mg (500) Olanzapine 20 mg (500)

 #8 Risperidone 6 mg (400) Risperidone 6 mg (400)

 #9 Risperidone 6 mg (400) Risperidone 6 mg (400)

 #10 Olanzapine 10 mg (250) Olanzapine 10 mg (250)

 #11 Risperidone 4 mg (266.7) Risperidone 5 mg (333.3)

 #12 Risperidone 4 mg (266.7) Risperidone 4 mg (266.7)

 #13 Risperidone 2 mg (133.3) Risperidone 6 mg (400)

 #14 Fluphenazine 10 mg (500) Fluphenazine decanoate 25 mg (250)

 #15 Risperidone 6 mg (400) Risperidone 6 mg (400)

Chlorpromazine equivalent in parentheses ( ).
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Table 2
Pearson R correlations between PPI and Positive and Negative Syndrome Scale (PANSS) scores for SCZ patients
(n=23)

Overall PPI Session 1
30 ms PPI
Session 1

60 ms PPI
Session 1

120 ms PPI
Session 1

Positive scale Session 1 R=−.12 R=−.09 R=−.20 R=.00

Negative scale Session 1 R=−.20 R=−.41 R=−.06 R=.00

General Scale Session 1 R=−.07 R=−.14 R=−.16 R=.14

Total PANSS score Session 1 R=−.18 R=−.33 R=−.17 R=.08

Overall PPI change 30 ms PPI change 60 ms PPI change 120 ms PPI
change

Positive scale change R=−.30 R=−.02 R=−.52** R=−.11

Negative scale change R=−.55** R=−.54** R=−.47* R=−.27

General scale change R=−.29 R=−.18 R=−.41 R=−.03

Total PANSS score change R=−.48* R=−.35 R=−.57** R=−.17

“Change” for both PPI and PANSS scores refers to Session 2 value minus Session 1 value.

*
p≤.05.

**
p<.01.
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