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Background: Neurological Examination Abnormalities (NEA, often called “neurological soft
signs”) have been observed in early schizophrenia and may be heritable. We investigated the
prevalence, and neurocognitive and psychopathological correlates of NEA among offspring of
schizophrenia patients who are at increased genetic risk for this illness.
Methods: Neurological examinations were conducted on high risk (HR, n=74) and healthy
comparison subjects (HS, n=86), using the Heinrichs-Buchanan scale. Cognitive-perceptual
(CogPer) and repetitive motor (RepMot) subscores, and total NEA scores were computed. All HR
and HS were assessed using K-SADS/SCID for diagnoses. Schizotypy was measured using the
Magical Ideation and the Perceptual Aberration subscales (Chapman scale), attention using
Continuous Performance Test (CPT-IP) and executive functions using the Wisconsin Card
Sorting Test (WCST).
Results: CogPer (F(1,160)=7.14, p=0.008) but not RepMot NEA scores were higher in HR subjects
compared to HS after controlling for age and sex. CogPer NEA scores were higher in HR subjects
with axis I psychopathology compared to those without (F(2,170)-6.41, p=0.002). HR subjects
had higher schizotypy scores (composite of the magical ideation and perceptual aberration
scales) (F(1,141)=23.25, p=0.000004). Schizotypy scores were negatively correlated with
sustained attention and executive functions. In addition, schizotypy was positively correlated
with CogPer NEA scores.
Conclusions: Young relatives at increased genetic risk for schizophrenia show more frequent
NEA. CogPer but not RepMot NEA scores were elevated, consistent with our prior observation of
CogPer NEA being relatively specific for schizophrenia. The observed relationships between
NEA, cognitive impairments, schizotypy and axis I disorders suggest that NEA may characterize
a subgroup of HR offspring at an elevated risk for psychopathology.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

patients with schizophrenia. These are subtle neurological
abnormalities comprising impairments in motor function and

Neurological Examination Abnormalities (NEA), also called sensory integration, and persistence of primitive reflexes. NEA
‘soft’ neurological signs, are observed in a substantial portion of have been well documented in first episode antipsychotic naive
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(Sanders et al., 1994; Venkatasubramanian et al., 2003), and
treated subjects with schizophrenia (Chen et al., 2005), and may
be more prominent in schizophrenia compared to other
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adolescent onset (Heinrichs and Buchanan, 1988; Keshavan
et al.,, 2003a; Woods et al., 1986; Zabala et al., 2006). NEA may
also distinguish those at genetic risk for schizophrenia from
those at risk for other mental disorders (Schubert and McNeil,
2004, 2005). Syndromal heterogeneity within schizophrenia
may be related to NEA (Arango et al., 2000; Tosato and Dazzan,
2005). In addition, cognitive deficits are related to NEA in
schizophrenia (Arango et al,, 1999; Sanders et al., 2004) and
among family members of subjects with schizophrenia (Hyde et
al., 2007; Sanders et al., 2006). The significance of NEA is further
highlighted by their association with poor premorbid function
(Quitkin et al., 1976), earlier onset of the illness (Torrey, 1980),
cognitive impairment (Arango et al., 1999; Flashman et al., 1996;
Mohr et al., 1996), ventricular enlargement (Mohr et al., 1996)
and poor long term outcome (Bombin et al., 2005; Heinrichs and
Buchanan, 1988; Johnstone et al., 1990; Mohr et al., 1996; Torrey,
1980).

The etiology of NEA is uncertain although they point to
abnormal neurodevelopmental trajectory with genetic under-
pinnings. In support of this proposition, NEA have been docu-
mented among subjects genetically at risk for developing
schizophrenia (Gourion et al., 2003; Kinney et al., 1999;
Schubert and McNeil, 2005; Woods et al., 1986) but who have
not yet manifested the clinical symptoms of psychosis. Inter-
estingly, in a study on a small sample of young healthy
adolescents, first episode schizophrenia and non-schizophrenia
patients, an inverse correlation of NEA scores with age among
the healthy adolescents, a trend for inverse correlation among
non-schizophrenia patients and no correlation with age among
the schizophrenia patients was observed (Zabala et al.,, 2006).
These observations suggest that NEA may be developmentally
mediated, and tend to decrease in frequency as the brain
matures. Such a process may be impaired among those at
genetic risk for developing schizophrenia. NEA and the
pathophysiology of schizophrenia may share a common genetic
background that affects the neurodevelopmental trajectory. A
recent preliminary study on eight multiplex multigenerational
families with at least two members with schizophrenia in each
family provides suggestive evidence for heritability of certain
NEA (Sanders et al.,, 2006). The same authors observed that the
heritable NEA correlated with many neurocognitive impair-
ments that were found to be heritable in a larger set of multiplex
multigenerational families (Gur et al.,, 2007). However, so far no
specific genetic variant has been associated with NEA.

We have used an abbreviated version of the Neurological
Evaluation Scale (NES) (Buchanan and Heinrichs, 1989). The
abbreviated version resulted from inter-rater reliability studies
(Sanders et al., 1998) and factor analyses (Keshavan et al.,
2003a; Sanders et al., 2005; Sanders et al., 2000). Principal
factors showed differences in relationships with diagnosis
(Keshavan et al., 2003a), cognition (Sanders et al., 2004) and
neuroanatomy (Keshavan et al,, 2003a). We have found that
cognitive-perceptual tasks are specifically impaired in schizo-
phrenia among the psychotic disorders, are more strongly
related with cognitive functioning, and are uniquely related to
heteromodal cortex volume.

In this study, we examined whether the presence of NEA
would identify young relatives at even higher risk for developing
schizophrenia. As a first step in that direction, our goal was to
examine whether NEA was associated with increased risk for axis
I disorders and for schizophrenia spectrum psychopathology

among offspring of schizophrenia patients. Based on prior results,
we hypothesized that: (a) the NEA associated with cognitive
domains will be increased among the offspring of schizophrenia
patients compared to healthy controls, and (b) the cognitive NEA
will be associated with increased frequency of psychopathology
among offspring of schizophrenia patients. In addition, we also
hypothesized that the cognitive NEA and schizotypy scores will
be correlated with neuropsychological measures.

2. Methods
2.1. Subjects

A series of subjects who were deemed to be at an elevated
risk for developing schizophrenia due to family history (HR,
n=74) and matched healthy control subjects (HS, n=86) were
recruited. The HR subjects were slightly younger (mean age,
15.09+3.62 years) than the HS (mean age 16.18+4.32 years;
t=1.73, p=0.086). The gender distribution (HR, male 34, female
40; HS, male 41, female 45; x*=0.05, p=0.83, NS) between the
groups did not differ significantly. HR subjects were defined as
those between the ages of 10 and 25 years who had at least one
parent with schizophrenia, schizoaffective or schizophreniform
disorder as defined in the DSM IV. HR subjects with a lifetime
history of schizophrenia or schizoaffective disorder, mental
retardation per DSM 1V, significant current or previous head
injury, medical or neurological illnesses were excluded. Sub-
jects with current substance use disorder were excluded from
the study. Healthy control subjects similar in age and gender
distribution were recruited through local advertisements from
the same geographical region as the HR subjects. After fully
explaining the study procedures an informed consent was
obtained from all subjects. For subjects below the age of
18 years we obtained consent from a parent or guardian, and
informed assent from the participants. All study procedures
were approved by the University of Pittsburgh Institutional
Review Board.

2.2. Assessment of psychopathology

All HS and HR subjects were assessed by using the
Structured Clinical Interview for DSM-IV Axis 1 Disorders
(SCID-I) (First, 1997), supplemented by the Behavioral Dis-
orders sections of the K-SADS (Kaufman et al., 2000). Diagnoses
among the parents were ascertained using the SCID-1. We
ascertained the diagnoses using DSM-IV criteria at consensus
conference meetings attended by senior clinicians (MSK, KMP,
DM). Schizotypy was measured using the Chapman's Magical
Ideation and the Perceptual Aberration scales (Chapman et al.,
1978; Eckblad and Chapman, 1983). Large scale adult and
adolescent studies of the Chapman scales show that these
scales have robust psychometric properties and confirm their
reliability and validity (Horan et al., 2008; Keshavan et al.,
2003b; Lin et al., 2007). Composite schizotypy scores were
calculated as an average of the Chapman's magical ideation and
perceptual aberration scale scores.

2.3. Neuropsychological evaluation

Attention was evaluated using Continuous Performance
Test-Identical Pair version (CPT-IP) (Cornblatt et al., 1989).
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Both visual d' and 3 values were obtained. We focused on
visual d' in this manuscript because this measure assesses
ability to identify targets rather than the conservativeness of
these judgments that discriminated subjects with schizo-
phrenia from the HS (Keshavan et al., 2003a). Executive
functions were evaluated using the Wisconsin Card Sorting
Test (WCST). Number of perseverative errors and concept
formation were included in the analyses as measures of
executive function. All evaluations were done by experienced
evaluators (DD and GT).

2.4. Assessment of NEA

NEA were evaluated using the modified Buchanan-
Heinrichs scale (Buchanan and Heinrichs, 1989). Previous
inter-rater reliability analyses reduced the original scale to 13
items (Sanders et al., 1998). Principal component analyses
identified four factors, namely repetitive motor (fist-ring,
fist-edge-palm, alternating fist-palm, dysdiadochokinesis),
cognitive-perceptual abnormalities (memory, audiovisual inte-
gration, right-left orientation, face-hand test, rhythm tapping
reproduction), balancing tasks (Romberg, tandem gait), and the
palmomental reflex. Of them, the cognitive-perceptual (Cog-
Per) and repetitive-motor (RepMot) domains showed the
highest factor loadings and validity (Keshavan et al., 2003a;
Sanders et al.,, 2004). Therefore, we computed CogPer, RepMot
and total NEA scores (13 items) (Sanders et al., 2000).

2.5. Statistical analyses

We first compared NEA, neuropsychological measures and
schizotypy scores between the HR and HS in separate
MANCOVA models using age and sex as covariates. The effect
sizes for such models are provided as partial n* (n3). For all
between-group differences, effect sizes were independently
calculated and provided as Cohen's d and r. Next, using partial
correlation tests including age as a covariate, we examined
the correlation of NEA scores with schizotypy, attention and
executive function scores within each group. Finally, we
examined the NEA scores within the HR group between those
with axis I psychopathology and those without.

3. Results
3.1. NEA scores

A MANCOVA model consisting of the study groups, NEA
total scores, average CogPer and average RepMot scores was

significant (Wilk's A=0.94, F=3.31, p=0.022) after controlling
for age and gender. The effect size of the study group in the

model was modest (13=0.061). It was interesting to note that
age had a larger effect size (13=0.28) whereas gender
contributed minimally (n3=0.002) across the groups. Age
correlated with NEA scores in both the groups but there were
no differential effect of age on NEA scores in either group.
Univariate tests for between-subjects effects revealed that
the total scores on the 13 item NEA scale (HR, mean 0.52+0.35;
HS, 0.42 +0.30; ANCOVA F(1,160)=1.71,p=0.19, NS) and RepMot
scores (HR, 0.57+0.55; HS, 0.54+0.52) (F(1, 160)=0.33, p=0.57,
NS) were not significantly different between the two groups.
However, HR subjects scored approximately twice as high as the
healthy control subjects on average CogPer NEA scores (HR,
0.48+0.52, 95%CI 0.33-0.50; HS, 0.26+0.37, 95%CI 0.18-0.35;
ANCOVA, F(1, 160)=7.14, p=0.008) with a medium effect size
(Cohen's d=0.49; r=0.24). Since CogPer set of NEA are closely
related to IQ, covarying the IQ would reduce the significance. In
our dataset, IQ was strongly correlated with CogPer NEA after
covarying for age and gender (partial r=-0.47, p=0.0001) but
not RepMot (partial r=-0.13, p=0.31) as expected among HR
whereas the relationship was relatively weak among HS
(CogPer, partial r=-0.25, p=0.02; RepMot, partial r=-0.11,
p=03). We conducted a Univariate General Linear Model
ANCOVA of average CogPer scores weighted for 1Q scores and
covarying for age and gender comparing HR with HS. Since we
did not have IQ measures on four subjects, the sample for this
particular analysis consisted of 85 HS and 71 HR. The results
suggest a trend toward significance (F(1,155)=2.78, p=0.098).

3.2. Neuropsychological evaluations

Mean IQ of HR subjects (98.31+£14.84) showed a trend
toward significance relative to that of the healthy control
subjects (110.79+13.21) after controlling for age and socio-
economic status (F(1,178)=3.41, p=0.07). Using MANCOVA, we
examined sustained attention and executive functions as
measured using CPT-IP and WCST. A model comprising visual
d' on CPT-IP, numbers of perseverative errors and concept
formation scores on WCST was significant (Wilk's A=0.92,
F=3.28, p=0.024; 1)3=0.08). Tests of between subjects effects
using univariate tests showed that the visual d' was significantly
lower and number of perseverative errors was significantly
higher among the HR subjects compared to HS. Table 1 shows
the mean, SD, 95%CI and the test statistics, significance and the
effect size of each measure.

3.3. Psychopathology scores
As hypothesized, the schizotypy scores (composite of

Chapman's magical ideation and perceptual aberration scores)
were elevated among the HR subjects (mean score, 0.15+0.01,

Table 1
Differences in neuropsychological performances among the HR and HS
Cognitive measure HS (Mean+SD) 95% CI HR (Mean+SD) 95% CI F(1,118) p Effect size

d r
Visual d' (CPT-IP) 1.56+0.85 1.30-1.72 1.05+0.87 0.89-1.34 6.13 0.015 0.59 0.28
WCST Perseverative errors 11.90+8.48 9.98-14.48 16.34+9.42 13.55-18.36 4.95 0.028 0.49 0.24
WCST concept formation 69.21+£12.47 65.81-72.85 67.77+15.94 63.89-71.37 0.42 0.52 0.10 0.05

Abbr: HS: Healthy Subjects; HR: High Risk offspring subjects; CPT-IP, Continuous Performance Test-Identical Pairs; WCST, Wisconsin Card Sorting Test.
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Table 2

Correlations between NEA, psychopathology and neuropsychological measures

Schizotypy Average CogPer Average RepMot

Visual d* Perseverative errors Concept formation Category completed

scores NEA scores NEA scores (WCST) (WCST) (WCST)
Schizotypy scores r 1.000 129 .070 -.322 310 -.346 -.303
p . 357 .618 .019* .024* 011%* .027*
Av CogPer NEA scores r 129 1.000 302 =271 272 -.164 -.186
p 357 . .028* .049* .048* 241 182
Av RepMot NEA scores r .070 .302 1.000 -.170 239 .036 -.197
p 618 .028 . 224 .085 798 156
Visual d' r -.322 =271 -.170 1.000 -.226 209 196
p .019* .049* 224 . 104 134 160
Perseverative errors (WCST) r  .310 272 239 -.226 1.000 -.682 -.811
p  .024* .048* .085 104 . .000 .000
Concept formation (WCST) r -.346 -.164 .036 .209 -.682 1.000 722
p 011+ 241 798 134 .000 . .000

*Nominally significant.
**Survived Bonferroni correction for multiple testing.

95%CI 0.13-0.18) compared to healthy controls (mean score,
0.07+0.01, 95%CI 0.05-0.09) (ANCOVA, F(1,141)=23.25,
p=0.000004; Cohen's d=7.99; r=0.97). The schizotypy scores
were not correlated with either the CogPer or RepMot NEA
scores (Table 2).

3.4. Associations among NEA, neuropsychological performance
and psychopathology

Among the HR subjects, attentional performance (visual d")
negatively correlated with CogPer NEA (partial correlation, r,=
-0.27, p=0.049) but not with RepMot NEA (r,=-0.17, p=0.22,
NS). Executive functions as measured by the number of
perseverative errors on the Wisconsin Card Sorting Test
(WCST) positively correlated with CogPer (partial correlation,
r,=0.27, p=0.048) but not with RepMot NEA (r,=0.24, p=0.09).
Concept formation was not correlated with either CogPer or
RepMot NEA scores. These differences did not sustain correc-
tions for multiple testing using Bonferroni method (effective
number of tests=6; 2 NEA measures and 3 cognitive measures).
No significant correlations among these variables were
observed among healthy control subjects. Schizotypy scores
were negatively correlated with visual d' (r=-0.32, p=0.019),
concept formation on WCST (r=0.35, p=0.011), and positively
correlated with the perseverative errors on WCST (r=0.31,
p=0.024) after controlling for age (Table 2). After applying
Bonferroni correction for multiple tests (effective number of
tests=3; 1 schizotypy score and 3 cognitive measures), concept
formation remained significant whereas number of persevera-
tive errors and visual d' retained trends toward significance.

We divided the HR group into those with axis I psycho-
pathology (HR +P, n=48) and those without axis I psychopathol-
ogy (HR-P,n=24). Among the HR subjects, about 33% of subjects
had no DSM 1V axis I psychopathology whereas the other 67%
had at least one diagnosable axis I disorder. Axis I diagnoses
included mood disorders (26%), and ADHD (15%). A MANCOVA
model consisting of CogPer and RepMot NEA scores was
significant across HS, HR+P and HR-P (Wilk's A=0.91, F=3.80,
p=0.005,12=0.044). Univariate tests of between-subjects effects
revealed that the CogPer NEA scores were significantly different
across the groups (F(2,170)=6.41, p=0.002). Posthoc Bonferroni
tests revealed that the HR+P group showed significantly
elevated CogPer NEA scores compared to both HR-P (HR+P,

0.50+0.52; HR-P, 0.32+0.50, p=0.04; Cohen's d=0.35, r=0.17)
and was even higher compared to HS ((HR+P, 0.50+0.52; HS,
0.24+0.37, p=0.002; Cohen's d=0.58, r=0.28). RepMot NEA
scores were not different across the groups (Fig. 1). However,
HR-P and HS did not differ significantly in the CogPer NEA
scores. Next, we compared HR+P and HR-P on average
CogPer scores weighted for IQ because 1Q could explain part
of the variance in the difference. After covarying for age and
gender, we observed that average CogPer scores weighted
for IQ were significantly elevated among HR+P compared to
HR-P (F(1,77)=4.58, p=0.036). In addition, HR+P showed
higher average CogPer scores weighted for IQ compared to
HS (F(2,167)=3.50, p=0.033, Posthoc Bonferroni HR+P>HS,
p=0.054).

We examined the neuropsychological performance across
these groups. AMANCOVA model consisting of the groups (HR+P,
HR-P and HS), and cognitive measures (visual d', perseverative
errors and concept formation scores) was significant (Wilk's
A=0.89, F=2.66, p=0.016, 13=0.057). Univariate ANCOVA tests
between-subjects effects showed that visual d' was significantly

o504 M

Average CogPer NEA Scores

0.40 4

0.30 4 L)

0.20 4

0.10 T -.- T
Present Absent Healthy Subj

Psycheopathology

Fig. 1. Average Cognitive-Perceptual NEA scores across HR subjects with axis
I psychopathology (HR+P), without psychopathology (HR-P) and healthy
subjects. Lines represent 95% confidence interval and the box represents the
means.
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different across these groups (F(2,137)=6.40, p=0.002) but not
perseverative errors or concept formation scores. Posthoc
Bonferroni tests showed that the HR+P performed worse on
sustained attention measures compared to HS (p=0.002). The
differences between HR-P and HR+P, and HR-P and HS were
not different.

4. Discussion

Our observations suggest that young relatives at increased
genetic risk for schizophrenia show more frequent NEA, more
prominently CogPer compared to RepMot NEA. These results are
consistent with our previous observation of CogPer NEA being
more prominent among subjects with schizophrenia relative to
those with non-schizophrenic psychotic disorders and healthy
subjects (Keshavan et al,, 2003a). Increased CogPer NEA in the
HR+P group, and an association between schizotypy and
neuropsychological performance suggest that these measures
may share deficits in the same neural substrates. After
weighting the CogPer scores with IQ measures, although the
HR-HS differences became relatively weaker, as expected, the
differences between the HR+P and HR-P on the one hand, and
HR+P and HS on the other persisted. Because 1Q performance is
compromised in schizophrenia and in individuals at risk,
especially on tests of “fluid” intelligence, and the CogPer
dimension is by definition related to general cognitive ability,
partialling out variance associated with IQ is a reasonable
strategy and we pursued it in this study. However, it rather has
serious risk of throwing the baby out with the bathwater as
happened here because the magnitude of illness effects can
become markedly underestimated. In addition, demonstration
of heritability of attention, certain executive functions, and NEA
suggest that these abnormalities may share common etiologic
and perhaps genetic underpinnings (Gur et al., 2007; Sanders
et al,, 2006). In addition, schizotypy has been reported to be
heritable (Lin et al., 2007; Linney et al., 2003) and associated
with several schizophrenia risk gene variants (Ma et al.,, 2007;
Schurhoff et al., 2007; Stefanis et al., 2007). Therefore,
individuals with higher CogPer NEA scores, schizotypy, the
presence of axis I psychopathology, and impaired sustained
attention and executive functions may form a distinct subgroup
of offspring of schizophrenia or schizoaffective disorder patients
with an elevated risk for axis [ psychopathology.

The significance of our approach is that the NEA are
observed within the framework of developmental trajectory
in a cohort who is genetically at an elevated risk for developing
schizophrenia. We noted that age was significantly correlated
with NEA scores in both HR and HS; the strength of association
was not different between the groups. A prior study on a small
cohort of adolescent first episode psychosis subjects observed
negative correlation with NEA among HS but not among
subjects with psychotic disorders (Zabala et al., 2006). These
observations along with reports of stability of NEA among
persons with schizophrenia (Chen et al,, 2005; Emsley et al,,
2005) suggest that NEA may attenuate until the onset of the
clinical syndrome after which NEA may become stable. Such
speculations can be resolved by longitudinal observations on a
cohort of HR subjects. Besides, the genetic HR approach, in
contrast to clinical HR studies, offers a unique advantage of
measuring the potential phenotypic markers well before the
onset of psychotic symptoms. In the clinical HR approach,

subjects are defined by the presence of sub-threshold symp-
toms of schizophrenia along with decline in functioning (Yung
and McGorry, 1996). Such individuals are likely to be hetero-
geneous with, perhaps, both the genetic and environmental
factors already set in motion, making it more difficult to parse
each other. Nevertheless, this strategy provides valuable
information on neurobiological changes proximal to the onset
of clinical symptoms. Examining the genetic HR individuals
could identify phenotypic markers that may be more
strongly related to the underlying genetic factors or to an
interaction between genetic and environmental factors than
to the environmental factors alone. In this regard a recent
exploratory study observed that many tasks in the RepMot
category of NEA showed high heritability whereas only one
test in the CogPer domain (audio-visual integration) showed
significant heritability (Sanders et al., 2006). Other studies
reported modest heritability estimates (Egan et al., 2001;
Hyde et al., 2007).

We did not observe an association of CogPer with cognitive
performance. An earlier study reported association of CogPer
NEA scores with cognitive performance among persons with
first episode psychoses (Sanders et al., 2004). In another study,
many RepMot NEA were correlated with neuropsychological
performance but not CogPer (Sanders et al., 2006). In that study,
NEA were studied individually, using continuous data (comple-
tion time, number of errors, etc.) that showed greater variability
than the ordinal data used in this and most NEA studies. The
continuous data generated by RepMot tasks has much more
variability than CogPer data, so the stronger heritability and
correlations with neurocognitive measures found in that study
may have been due to differences in the statistical power of the
variables. Such differences may also be due to the sample size
and the type of sample studied in these two studies. In our
sample, age was significantly correlated with NEA scores and
cognitive performance in both groups. After partialing out the
effects of age, we did not observe such correlations. This may be
because there is no real correlation between these measures
among HR subjects or because the effect may be small that our
sample was inadequately powered.

The derived group of NEAs employed in this study
putatively map onto a broad range of regions in the frontal,
parietal and temporal lobes. Therefore, measures of NEA may
not specifically test key regions of interest that are thought to
regulate cognitive domains. Additionally, associations
between cognitive domains and brain regions are complex
(Demakis, 2004). Therefore, NEA may not reliably point to a
network that could be associated with cognitive impairment.
However, neurobiological dysfunction underlying the NEA is
proposed to be due to a failure of integration within/between
sensory and repetitive motor systems and subcortical struc-
tural abnormalities (Dazzan and Murray, 2002). In the same
study, frontal release signs correlated with perseverative
errors on Wisconsin Card Sorting Test suggesting that these
signs may be frontal cortical in origin. Previously we observed
that CogPer NEA scores correlated with the volume of hetero-
modal association cortex whereas RepMot NEA associated
with caudate and cerebellum suggesting a relatively specific
regional structural alteration associated with NEA categories
(Keshavan et al., 2003a).

CogPer NEA may be a useful intermediate phenotype. This
and previous studies by other groups have observed increased
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frequency of NEA among first-degree relatives of schizophre-
nia patients (Cantor-Graae et al., 2000; Cantor-Graae et al.,
1994; Ismail et al., 1998a). The heritable nature of some of the
NEA (Egan et al., 2001; Hyde et al., 2007; Sanders et al., 2006)
and increased frequency among patients with schizophrenia
are observed (Ismail et al., 1998a; Keshavan et al., 2003a;
Venkatasubramanian et al., 2003). Some NEA have been
associated with specific regions in the brain suggesting
neurobiological correlations for these markers (Dazzan
et al,, 2006, 2004; Keshavan et al., 2003a; Thomann et al,,
2008). In addition, these abnormalities are observed before
the onset of the psychotic symptoms and are relatively stable
over the course of the illness suggesting that these traits may
be state independent (Chen et al., 2005; Emsley et al., 2005;
Heinrichs and Buchanan, 1988; Ismail et al., 1998a,b). Of
further clinical significance is that they are non-invasive, in-
expensive, quantifiable and reliable phenotypic markers. Taken
together, NEA appears to meet several criteria suggested by
Gottesman and Gould (2003) such as segregation among
schizophrenia subjects, heritability, state independence, famil-
ial association and co-segregation with relatives of subjects
with schizophrenia (Chan and Gottesman, 2008). Studies such
as this could help further examine whether these markers
predict the onset of the disease, which has been proposed as
another criteria for an endophenotype (Almasy and Blangero,
2001).

The association of NEA scores with axis I psychopathology
on the one hand, and schizotypy and cognitive impairment on
the other is intriguing. Unraveling this clustering of heritable
traits could be critical to understanding the nature of genetic
pathology. A constellation of heritable intermediate pheno-
types (Prasad and Keshavan, 2008) among those genetically at
risk to develop schizophrenia could help characterize a genetic
ultra high risk relative. Identifying and longitudinally following
up such groups could potentially yield valuable data on the
evolution of pathophysiology, the intermediate phenotypes and
the clinical phenotype that may help in designing strategies for
early detection, and perhaps prevention. Further, our observa-
tion of this conglomeration of CogPer NEA, schizotypy, cognitive
impairments, and axis I psychopathology among offspring of
schizophrenia patients points to a “broad spectrum” schizo-
phrenia-related pre-psychotic phenotypic complex that could
aid in prospective identification of future development of
schizophrenia in these individuals. A systematic examination of
this “broad spectrum” schizophrenia-related pre-psychotic
phenotypic complex along with other heritable phenotypes
associated with schizophrenia among subjects at an elevated
risk for schizophrenia using a longitudinal design could provide
clues to understanding the genetic basis.

In summary, our study observes a subgroup of neurological
examination abnormalities to be elevated among offspring of
subjects with schizophrenia/schizoaffective disorder. Such
elevated CogPer NEA scores are even more prominent among
those with an axis I psychopathology. An elevated frequency of
NEA among subjects at risk for schizophrenia and those at risk
for affective illnesses (Schubert and McNeil, 2005; Woods et al.,
1986) suggest possible common trajectories for these disorders.
Further, CogPer NEA show nominal associations with cognitive
impairments, cognitive impairments are associated with
schizotypy, but there is no correlation between the latter and
the NEA scores; this may suggest a pathway from NEA to

schizotypy through cognitive functioning. We are at present
conducting a pathway analysis using these, and other clinical
and neurobiological variables.
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