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Objective: First-degree relatives of pa-
tients with schizophrenia appear to have
subtle neurological signs, suggesting that
these measures could serve as inter-
mediate phenotypes in genetic studies of
schizophrenia. The strength of a possible
genetic component is unknown, however,
leaving it uncertain whether such traits
could increase the power to find schizo-
phrenia susceptibility loci. The authors’
goal was to investigate the strength of this
possible genetic component.

Method: They estimated the relative risk
of neurological impairments in a large
group of siblings of patients with schizo-
phrenia. Two standard neurological scales
(the Neurological Evaluation Scale and
the Woods Scale) were used to examine
115 patients, 185 of their siblings, and 88
normal comparison subjects.

Results: There were significant differ-
ences between the siblings of patients
with schizophrenia and the normal com-
parison subjects only on the Woods Scale.
Relative risk of neurological impairment
was significantly increased in the sibling
group, but the significance was weak to
moderate. Neurological impairment was
not redundant with several other inter-
mediate phenotypic measures based on
cognitive impairment.

Conclusions: These data suggest that
neurological signs cluster in patients with
schizophrenia and their families and
could possibly identify a unique compo-
nent of genetic variance for risk of schizo-
phrenia. However, the fairly low relative
risk and the uncertain pathophysiology of
such signs may limit their usefulness.

(Am | Psychiatry 2001; 158:1827-1834)

Schizophrenia is characterized by abnormalities in
brain function, including subtle neurological signs. Sus-
ceptibility to schizophrenia is mediated predominantly by
genetic factors. Nevertheless, large-scale linkage studies
have been largely unsuccessful in finding susceptibility
genes. Dissecting schizophrenia into its component neu-
robiology and using biological traits as intermediate phe-
notypes can dramatically improve the power of genetic
studies. For example, impairments in executive cognition
and prefrontal cortical physiological efficiency have been
shown to be associated with the met!%8/158 val polymor-
phism in the comt gene (1), and sensory gating deficits
may be attributable to mutations in a nicotinic receptor
subunit (2). Selecting informative intermediate pheno-
types on the basis of brain dysfunction is thus of critical
importance for improving the power of genetic studies of
schizophrenia.

So-called neurological signs represent a potential inter-
mediate phenotype because they suggest evidence of
brain dysfunction and are not dependent on patients’ mo-
tivation or understanding instructions. Neurological signs
have features characteristic of useful intermediate pheno-
types. First, a higher frequency of neurological signs has
consistently been found in studies of patients with schizo-
phrenia (3, 4). Second, these signs appear trait-like in that
they are relatively stable over time (5, 6) (although see ref-
erence 7), which is advantageous for genetic studies. Neu-
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rological signs are present from early in the illness (8, 9).
They do not appear to be secondary to neuroleptic medi-
cations (10) (see reference 3) and can be reliably measured
(7, 11-13) (although see reference 14). Finally, such signs
may be present in only a subgroup of patients, consistent
with the notion that schizophrenia is heterogeneous. Pa-
tients with neurological signs have poorer outcome, more
negative symptoms, larger ventricles, and lower cortical
volume than unaffected patients (4, 8, 10, 12, 15, 16). On
the other hand, several confounds could complicate the
use of neurological signs, including the fact that different
studies have used different scales and that phenocopies
could arise because of perinatal complications (17), head
trauma, alcoholism (12), or aging (6). Furthermore, it is
unclear whether lumping such disparate findings together
has any meaning from genetic and/or neurobiological
perspectives.

The notion that neurological signs have genetic origins
arose from the observation that they are present in non-
schizophrenic family members of patients with schizo-
phrenia (16, 18). It is difficult to reconcile this observation
with an environmental cause because family members
differ from the general population primarily in their risk
for schizophrenia, which has no apparent shared familial,
environmental component (19). Studies of family mem-
bers, however, have generally used small samples (16, 20,
21) and have been skewed toward subjects with schizo-

1827



NEUROLOGICAL SIGNS IN SIBLINGS

TABLE 1. Demographic and Clinical Characteristics of Patients With Schizophrenia, Their Siblings, and Normal Comparison

Subjects
Comparison Post Hoc Analysis
Patients Siblings Subjects Patients Versus Siblings Versus
Characteristic (N=115) (N=185) (N=88) Patients Versus Siblings  Comparison Subjects  Comparison Subjects
Mean SD Mean SD Mean SD t df p t df p t df p

Age (years) 359 86 363 83 334 87 -0.15 113 0.88 212 201 0.03 1.87 201 0.06
Education (years) 13.4 23 154 24 159 24 -5.13 113 <0.00001 -6.15 201 <0.00001 -1.47 201 0.14
1Q 925 13.4 1074 114 1059 11.0 -8.21 113 <0.00001 -7.32 199 <0.00001 0.42 197 0.67
Wide-Range

Achievement Test

score (premorbid 1Q) 101.4 12.1 1059 11.0 1052 116 -291 113 0.004 -2.12 199 0.03 -0.55 198 0.58

N % N % N % X df P X2 df P X2 df P

Male gender 95 826 79 427 37 42.0 51.70 1 <0.0001 30.87 1 <0.0001 0.25 1 0.62
Employed? 37 32.2 160 86.5 77 875 97.22 1 <10 19.96 1 <10°° 0.48 1 0.50
Ethnicity 16.70 1 <0.0001 20.40 1 <0.0001

African American 1 0.9 1 05 19 21.6

Caucasian 110 95.7 174 941 66 75.0

Other® 4 35 10 54 3 34
Schizophrenia/schizo-

affective disorder 115  100.0 10 54 0 0.0
History of mood

disorder 8 7.0 37 20.0 10 11.4 3.31 1 0.07 10.46 1 0.001 2.78 1 0.10
Taking antipsychotics 113 983 10 54 0 0.0 248.90 1 <0.0001 191.10 1 <0.0001 3.52 1 0.06
Taking selective

serotonin reuptake

inhibitors 20 17.4 19 10.3 3 34 3.18 1 0.07 8.36 1 0.004 2.92 1 0.09
Cluster A personality

disorder 0 0.0 6 3.2 1 11 0.38 1 0.53

2 Includes subjects enrolled full-time in college or graduate school.
b Includes Hispanic and Asian Americans.

phrenia spectrum disorders (20). Furthermore, heritability
estimates are lacking. The utility of intermediate pheno-
types depends in part on the portion of total phenotypic
variance attributable to genetic causes and to genetic ar-
chitecture. If a large portion of phenotypic variance is ge-
netic, intermediate phenotypes may increase the power to
find susceptibility loci.

A useful measure for indirectly assessing the strength of
the genetic component is relative risk (22, 23). This mea-
sure assesses the risk of having an abnormality (e.g., more
neurological signs) for relatives compared with the risk for
the general population. Although greater relative risk can
be attributable to either shared environmental factors or
genetic causes, relative risk sets an upper limit on herita-
bility (24). A relative risk that is moderate (risk of 2—4) or
higher (risk greater than 4) suggests that a phenotype may
be suitable for genetic analysis (23, 25). Since path analytic
studies suggest that there is no environmental component
shared by siblings that increases the risk for schizophrenia
(19), biological abnormalities associated with greater risk
for schizophrenia are likely to have predominantly genetic
determinants accounting for that portion of phenotypic
variance.

We studied a group of patients with schizophrenia,
their siblings, and normal comparison subjects to test
several hypotheses: 1) neurological signs are more com-
mon in siblings of patients with schizophrenia than in
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normal comparison subjects, 2) relative risk for neurolog-
ical signs is increased in siblings of patients with schizo-
phrenia, 3) constellations of neurological signs referable
to specific brain regions are familial, and 4) neurological
signs are not redundant with other intermediate pheno-
types. To our knowledge, this is the first study to examine
such a large, extensively screened family sample and to
estimate relative risk. Parents were not studied because of
the uncertain impact of aging on neurological signs (26).

Method

One hundred fifteen index cases of patients with a diagnosis of
schizophrenia, 185 of their full siblings, and 88 normal compari-
son subjects participated in a study of neurobiological pheno-
types associated with schizophrenia (the Clinical Brain Disorders
Branch/National Institute of Mental Health [NIMH] Sibling Study
[27]). Siblings were not selected on the basis of their psychiatric
status. Procedures were approved by the NIMH Institutional Re-
view Board. Details of subject recruitment and exclusion criteria
have been described previously (27). Briefly, families were re-
cruited from local and national sources. The comparison group
was recruited from the NIH volunteer office and was matched to
the sibling group on age, gender, education, IQ, and Wide-Range
Achievement Test (WRAT-R) performance (28). All participants
were prescreened to exclude those with premorbid IQ below 70,
those with recent (within 1 year) drug or alcohol abuse or more
than 5 years of previous abuse, and those with substantial medi-
cal or neurological conditions. The comparison subjects were se-
lected with the additional requirement that they not have a first-
degree relative with a schizophrenia spectrum disorder (27). All
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TABLE 2. Neurological Findings in Patients With Schizophrenia, Their Siblings?, and Normal Comparison Subjects

Post Hoc Analysis

Comparison Siblings Versus
Patients Siblings Subjects Patients Versus Patients Versus Comparison
Variable (N=115) (N=185) (N=88) Siblings Comparison Subjects Subjects
Mean SD Mean SD Mean SD 2V df p z*  df p z¢ df p

Neurological Evaluation

Scale score 6.80 4.24 3.05 282 280 229 811 113 <0.00001 7.50 202 <0.00001 0.29 202 0.76
Woods Scale

Total score 6.44 5.06 248 330 147 1.88 6.06 113 <0.00001 8.60 202 <0.00001 2.55 202 0.01

Screened scored 3.05 3.92 1.61 208 089 158 584 113 <0.00001 6.17 202 <0.00001 2.16 202 0.03
Parkinsonism rating 3.85 2.51 058 141 019 0.46 4.53 113 <0.0001 11.19 200 <0.00001 2.44 199 0.01
Dyskinesia rating 3.01  2.90 115 171 075 153 7.39 113 <0.0001 6.87 200 <0.00001 2.81 199 0.005
Frontal signs score 3.90 2.80 197 208 1.61 153 595 113 <0.0001 6.22 202 <0.00001 1.16 202 0.24
Parietal signs score 133 1.37 066 1.04 066 096 3.11 113 0.002 -3.68 202 0.0002 -0.84 202 0.40
Cerebellar signs score 0.38 0.71 0.08 0.31 0.02 0.15 3.19 113 0.002 4.79 202 <0.002 1.68 202 0.09
Cranial nerve signs score 0.21 0.66 020 0.61 010 0.37 053 113 0.59 -1.53 202 0.13 210 202 0.04
Handedness Scale score 56.50 71.20 78.10 50.20 74.90 59.80 -1.91 194 0.06 0.02 188 0.98

N % N % N % X df P x> df P X df p

Handedness® 6.66 1 0.01 3.58 1 0.06 1.75 1 0.19

Right 65 56.5 123 66.5 64 72.7

Mixed 42 36.5 60 324 21 23.9

Left 8 7.0 2 1.1 3 3.4
Enuresis 28 24.3 31 16.8 14 15.9 2.59 1 0.11 2.29 1 0.13 0.05 1 0.82

2 0ne randomly selected sibling per family was included in this analysis.

b wilcoxon matched pairs z score.
¢ Mann-Whitney z score.

dTotal score minus scores for items with known causes, e.g., extrapyramidal symptoms.
€ Chi-square analysis tests differences in rates of mixed and non-mixed-handedness between groups.

patients were clinically stable. Written informed consent was ob-
tained from all subjects after complete description of the study.

All subjects were interviewed by a research psychiatrist blind to
family status (L.B.B.) who used the Structured Clinical Interview for
DSM-1V Axis I Disorders Research Version (29). A second research
psychiatrist (M.EE.) reviewed all diagnostic data, and the consen-
sus diagnosis between the two researchers was used. All subjects
had a thorough medical evaluation, including magnetic resonance
imaging of the brain. Subjects were also tested on 1Q, WRAT-R read-
ing (a measure of premorbid intelligence), working memory/exec-
utive function (Wisconsin Card Sorting Test), psychomotor speed/
oculomotor scanning (trials B), attention (Continuous Perfor-
mance Test), and verbal memory (California Verbal List Test) (30).
Demographic data are presented in Table 1.

Subjects underwent a detailed neurological examination by
one of two research neurologists who were formally blind to diag-
nosis and familial relationships (T.M.H. and V.S.M.). Interrater re-
liability was assessed on 10 patients. For all items listed in Table 2,
except for cerebellar and parietal scores, ratings were significantly
correlated (intraclass correlation coefficient=0.54-0.90, p<0.02).
The exceptions were due to the paucity of these signs in the 10 pa-
tients jointly examined; the results are included for comparison
with previous studies.

The examination included the Neurological Evaluation Scale
(31) and the Woods Scale (32), scored as described elsewhere (31,
32) (Appendix 1). For the Woods Scale, we included the total score
and a screened score, which omits items with known causes such
as medication-induced extrapyramidal signs. For consistency, we
omitted these items for all subjects for the screened scores. To ad-
dress the issue of localizability, items from the Neurological Eval-
uation Scale and the Woods Scale were included in composite
measures of findings thought to be attributable to different brain
regions (33, 34), as has been done in previous studies (35, 36).
These included frontal, temporal, parietal, occipital, cerebellar,
and brainstem regions (Appendix 1).
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Additional measures related to neurodevelopment were gath-
ered on the basis of previous findings of abnormalities in pa-
tients. Handedness (37) was ascertained by using the Edinburgh
Handedness Scale (38). This generated scores from 100 to =100
(left=—100, right=100, —-100<mixed<100) [37, 39]). Ratings for ex-
trapyramidal movements were assessed by using a modified Ab-
normal Involuntary Movement Scale that included parkinsonian
signs (40). History of enuresis, which may be more frequent in pa-
tients with schizophrenia (41), was assessed by using DSM-1V cri-
teria. The primary outcome measures were the Neurological Eval-
uation Scale score and the Woods Scale total and screened scores.
For these measures, which are not independent, p=0.05 was ac-
cepted as significant. Other outcome measures were secondary,
and a p value of 0.01 was accepted as significant.

Data analyses were performed by using Statistica (Statsoft
Corp, Tulsa, Okla.). Differences between groups were tested by
using paired and unpaired t tests for continuous measures or Wil-
coxon matched pairs, Mann-Whitney U test, or chi-square analy-
sis as indicated. To avoid inflating the degrees of freedom, only
one randomly selected sibling per family was used for group com-
parisons.

Relative risk of neurological signs was estimated as described
previously (27). Briefly, subjects were classified as having neuro-
logical signs if their score was above the cutoff values of one, two,
and three standard deviations above the comparison group
mean. All siblings were used to estimate relative risk values (42).
Additionally, high-risk subsets of siblings, which included only
those who were siblings of patients with elevated scores on a spe-
cific test, were used to estimate a second relative risk score. These
high-risk groups were examined separately to address more
directly the hypothesis that clusters of neurological findings are
familial in subgroups of patients who themselves have a specific
neurological abnormality. This is similar, for example, to looking
at the risk of hypercholesterolemia only in relatives of patients
with ischemic heart disease who themselves have hypercholes-
terolemia.
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TABLE 3. Relative Risk of Neurological Findings and Number of Subjects With Neurological Findings Among Patients With
Schizophrenia, Their Siblings, and Normal Comparison Subjects

“High-Risk” Siblings?

Comparison All Siblings Pairs Pairs Not
Patients Siblings Subjects Concordant for Concordant for
(N=115) (N=185)  (N=88)  Relative  ¥?2 Neurological Neurological Relative 2
Variable (%) (%) (%) Risk(\) (df=1) p Signs? Signs Risk (\') (df=1) p¢
Number of standard
deviations from
mean Neurological
Evaluation Scale score
1 67.5 25.7 21.3 1.21 0.14 0.51 39 86 1.49 241 012
2 42.7 10.6 8.0 1.33 049 048 10 66 1.66 1.19 0.28
3 28.2 4.3 2.3 1.87 0.67 041 4 46 3.78 2.51T 011
Number of standard
deviations from mean
Woods Scale score
Total
1 64.1 28.7 14.8 1.94 6.35 0.01 44 80 240 11.23 0.0008
2 55.6 19.7 9.1 217 493 0.03 22 77 2.44 5.96 0.02
3 41.9 9.0 1.1 8.00 492 0.03 10 70 11.06 7.80 0.008
Screened?
1 44.0 21.7 13.6 1.60 253 0.11 24 54 2.26 7.15 0.008
2 241 10.9 4.7 2.34 437 0.04 8 35 4.00 8.81 0.003
3 14.7 7.6 0.0 7.61 5.59 0.02 3 18 14.29 7.02 0.008
Number of standard
deviations from mean
score for frontal signs
1 49.1 20.7 12.5 1.66 2.66 0.10 22 51 2.41 7.62 0.006
2 343 9.8 23 4.31 3.83 0.05 10 45 8.01 9.17 0.003
3 241 5.7 2.3 2.52 0.34 092 5 28 6.67 5.13 0.02
Number of standard
deviations from mean
score for cranial
nerve signs
1 14.8 12.0 8.0 1.51 1.01 0.32 6 16 3.43 6.30 0.01
2 14.7 12.0 8.0 1.51 1.01 0.32 6 16 3.43 6.30 0.01
3 14.7 12.0 8.0 1.51 1.01 0.32 6 16 3.43 6.30 0.01

aSiblings of patients with elevated scores on the specific test.
b Concordant siblings and patients both had mean scores on the measure that were at least one standard deviation from the mean score of the

comparison subjects.
¢ Yates-corrected when the number for any cell was smaller than 5.

dTotal score minus scores for items with known causes, e.g., extrapyramidal symptoms.

Results

Demographic variables of all of the subjects are pre-
sented in Table 1. The sibling group was well matched to
the comparison group on most measures. More of the
comparison subjects than the siblings were of African
American descent. Because of this, we examined effects of
ethnicity within the comparison group for all measures.
When we found a significant effect, we conducted two ad-
ditional analyses that 1) covaried for ethnicity and 2) in-
cluded only subjects of Caucasian descent (the largest eth-
nic group in the study). Because marginally more siblings
than comparison subjects took selective serotonin re-
uptake inhibitors (SSRIs), we examined the effects of SSRIs
on all measures when siblings differed from comparison
subjects.

Patients with schizophrenia had higher scores on both
scales than siblings and comparison subjects (Table 2).
Siblings did not differ from comparison subjects on the
Neurological Evaluation Scale, although a significant ef-
fect of ethnicity was seen (Mann-Whitney z=-2.22, N=88,
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p=0.03), as previously reported (31). No difference was ob-
served on the Neurological Evaluation Scale between Cau-
casian siblings and comparison subjects (Mann-Whitney
z=1.05, N=243, p=0.30) or when ethnicity was used as a co-
variate (F=1.71, df=1, 176, p=0.19). Siblings had higher
scores than comparison subjects on the total and
screened scores on the Woods Scale. There was no effect of
ethnicity on either measure. SSRI use was not related to
higher total score (Mann-Whitney z=-1.86, N=185, p=0.07)
or screened score (Mann-Whitney z=-0.18, N=185, p=0.85)
on the Woods Scale. Using ethnicity as a covariate did not
affect either analysis. To test whether differences were at-
tributable primarily to siblings with schizophrenia spec-
trum disorders, we compared only siblings without such
diagnoses with normal subjects. Their total (Mann-Whit-
ney z=1.83, N=193, p=0.07) and screened (Mann-Whitney
z=1.55, N=193, p=0.12) scores on the Woods Scale were
marginally elevated.

The higher rate of neurological signs in the siblings
came in part from items referable to the prefrontal cortex
and cranial nerves; however, their scores for these constel-
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TABLE 4. Relationship Between Presence of Neurological Signs and Cognitive Function in Psychiatrically Healthy Siblings

(N=93-106) of 115 Patients With Schizophrenia?

Working Memory/

Executive Function Verbal Memory Psychomotor Speed Attention

Measure of Neurological Signs r p r p r p r p
Neurological Evaluation Scale score -0.19 0.05 -0.39 0.0005 -0.17 0.07 -0.22 0.03
Woods Scale

Total score -0.07 0.46 -0.15 0.12 -0.12 0.24 -0.01 0.90

Screened scoreP -0.11 0.24 -0.11 0.25 -0.12 0.23 -0.23 0.82
Frontal signs score -0.14 0.16 -0.32 0.002 -0.12 0.26 -0.16 0.12
Cranial nerve signs score -0.08 0.41 —-0.006 0.95 -0.10 0.34 -0.10 0.34
Dyskinesia rating -0.06 0.54 -0.14 0.15 -0.09 0.34 -0.07 0.51
Parkinsonian rating -0.09 0.34 -0.18 0.06 -0.14 0.16 -0.11 0.29

2 0ne randomly selected sibling per family was used for these correlations.
b Total score minus scores for items with known causes, e.g., extrapyramidal symptoms.

lations were not elevated (Table 2). There was no effect of
ethnicity or of SSRI use for these measures. The most
common abnormalities rated in both groups included
spasticity, dyskinetic movements, parkinsonian symp-
toms, mirror movements, grasp reflex, and pes cavus. Ex-
trapyramidal ratings can be affected by psychotropic med-
ications (neuroleptics and SSRIs). In siblings, SSRI use was
associated with higher parkinsonian ratings (Mann-Whit-
ney z=-3.35, N=185, p=0.03) but only marginally with dys-
kinesia ratings (Mann-Whitney z=-1.79, N=185, p=0.07).
Excluding subjects who were taking neuroleptics or SSRIs,
we found that the significance levels were reduced (Mann-
Whitney z=1.27, N=177, p=0.20, for parkinsonian ratings
and z=1.82, N=177, p=0.06, for dyskinesia ratings). Pa-
tients had the same incidence of both left-handedness
and right-handedness as comparison subjects (Table 2).
Siblings did not differ from comparison subjects on hand-
edness. No differences were seen between groups for his-
tory of enuresis.

Using Woods Scale scores, we found that relative risk (A)
of neurological signs was elevated in siblings when one
standard deviation above the comparison mean was used
as the criterion for defining which subjects had neurologi-
cal signs (Table 3). To explore whether the significantly
higher relative risk for the Woods Scale was partly attribut-
able to medication effects in siblings, we repeated the
analysis excluding subjects who were taking psychotropic
medications. The relative risk was somewhat lower (A=
1.62), and the statistical significance was reduced (x?=
3.00, df=1, p=0.08). Using Woods Scale screened scores,
which omit items that could possibly be due to medica-
tions (even in subjects not taking medication), we found
that the relative risk was slightly elevated when two and
three standard deviations were used to define affected sib-
lings. High-risk siblings of patients positive for neurologi-
cal findings had a significantly increased risk for neurolog-
ical findings when we used the Woods Scale screened
scores as well as frontal and cranial nerve sign scores
(right-hand columns in Table 3). Despite the moderate to
high relative risk values, the total number of siblings with
neurological signs was small relative to the total number
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of siblings studied. This low yield is unfavorable for ge-
netic studies.

Correlations between neurological findings and cogni-
tive measures for siblings are listed in Table 4. For this
analysis, we included only siblings with no DSM-III psy-
chiatric disorder. The relative risk of these cognitive mea-
sures was higher in siblings than in the comparison sub-
jects, and these measures have been used in genetic
studies of schizophrenia (1, 30). The correlations are gen-
erally somewhat low, suggesting that they assess indepen-
dent processes. Using multiple regression, for example, we
found that the four cognitive measures combined ac-
counted for 1% of the variance for the Woods Scale total
scores (F=0.30, df=4, 105, p=0.06) in the group of healthy
siblings and less than 3% of the variance in whether a sib-
ling was described as having neurological signs (i.e., the
siblings’ mean total score on the Woods Scale was one
standard deviation above the mean total score of the com-
parison group).

Discussion

We found weak evidence for a higher rate of neurologi-
cal signs in the largest group of siblings of patients with
schizophrenia examined to date. Subtle differences be-
tween sibling and comparison groups remained after we
controlled for ethnicity and medication use. Of the two
standard scales, the screened score from the Woods Scale
(32) was more sensitive for detecting differences than the
score on the Neurological Evaluation Scale (31). The rela-
tive risk of neurological signs in siblings was in the low to
moderate range, suggesting a possible genetic compo-
nent. However, relative risk values for the siblings of pa-
tients with a relatively high rate of soft neurological signs
were generally higher than the relative risk values for the
entire sibling group, providing stronger evidence of a fa-
milial component, although it is less certain that the
greater risk is correlated with genetic risk for schizo-
phrenia. Correlations with several other intermediate
phenotypes were low, suggesting that neurological signs
represent an independent, familial dimension of risk for
schizophrenia.
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Differences between our sibling and comparison groups
were generally smaller than those reported previously (20,
21, 43, 44). Several factors could account for this, such as
different ascertainment strategies and exclusion criteria
(e.g., alcohol abuse). For example, one study preferentially
selected siblings with greater family psychopathology
(20). Another study found very high rates of signs in first-
degree relatives (up to 38.1% versus 2.1% in a comparison
group) but included parents, who were 10 years older on
average than comparison subjects (44). One study of 21
siblings (most of whom where male) had markedly greater
effect size, despite the exclusion of siblings with schizo-
phrenia spectrum disorders (43); it is unclear whether
gender, ethnicity, composition of the comparison group,
or other factors account for this finding.

The rates of neurological signs in our comparison sub-
jects, who were screened to exclude neurological diag-
noses, suggest that such signs are common in subjects
with no genetic risk for schizophrenia, consistent with
previous observations (26). Differences between studies
illustrate the potential impact of ascertainment issues on
genetic approaches to brain dysfunction.

The results for handedness are generally consistent with
previous studies (38, 39). Differences between patient and
comparison groups on the Edinburgh Handedness Scale
and incidence of mixed handedness were not robust (p=
0.06). Furthermore, no relationship was seen between
mixed handedness and neurological signs. Rates of mixed
and non-right-handedness were not higher in the sibling
group. This suggests that mixed handedness is unrelated to
neurological signs and does not have a major familial com-
ponent, in contrast to predictions about abnormal cerebral
lateralization and genetic risk for schizophrenia (45, 46).

Regarding correlations with cognitive impairment, rela-
tively little shared variance was observed between neuro-
logical signs, particularly those on the Woods Scale, and
other putative intermediate phenotypes based on cogni-
tion. This suggests that, to the extent neurological signs
could be useful in detecting susceptibility loci for schizo-
phrenia, they may detect loci that are distinct from those
associated with various dimensions of cognitive impair-
ment. On the other hand, it is possible that the lack of cor-
relation is due to measurement error. Although it is diffi-
cult to rule this out, the stability and reliability of these
measures suggest this is not the case. Previous studies
have primarily looked at correlations between cognition
and neurological signs in patient groups (see reference 47
for discussion). Similar to these findings, we found that
the Neurological Evaluation Scale scores correlated sig-
nificantly with working memory, verbal memory, and at-
tention in the patient group. The Woods Scale total and
screened scores were not correlated with these measures
(data not shown).

The data support several conclusions about the genetics
of neurological signs and risk for schizophrenia. First, al-
though differences between patient and comparison
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groups are very robust, this is not true for the sibling
group, which had a slightly higher rate of neurological
signs than the comparison subjects. Although the relative
risk was higher for the Woods Scale, this is considered a
weak effect (22, 23, 48). When extrapyramidal symptoms
were excluded (i.e., screened scores on the Woods Scale),
slight differences remained between groups, and relative
risk was reduced. Although our estimates of relative risk
may be somewhat biased downward (27), they do suggest
that this phenotype may have somewhat limited power for
detecting susceptibility genes for schizophrenia. On the
other hand, the moderate and higher relative risk values
for high-risk siblings of patients with high scores indicate
that there is a familial component to neurological signs,
which could be partly genetic or environmental. Such fac-
tors may modify the expression of schizophrenia in these
families but are not as clearly related to greater suscepti-
bility for illness.

The robustness of these conclusions is dependent on
the validity of the scales used and the meaning of soft neu-
rological signs. Traditionally, neurological signs are used
to localize pathology within the nervous system. However,
many of the findings classified as soft signs are not readily
localized. For example, skewed eye placement in the pri-
mary position could be indicative of extraocular muscle,
peripheral nerve, or brainstem pathology. Some soft signs,
such as mirror movements, are difficult to localize at all. In
subjects with schizophrenia the problem is compounded
by the absence of a typical profile of soft signs, which are
spread out across the neurological domain. Although
some signs are more clearly associated with pathology in a
specific brain region (33, 34) than others, our attempts to
lump together signs referable to a specific brain region,
similar to what has been done in previous studies (36), did
not produce a marked increase in relative risk. One possi-
ble exception are dyskinesias, which have been seen in
previous studies of family members (20, 44). The neurobi-
ology of dyskinesia can be explicated, making candidate
gene studies more credible. Indeed, several studies have
reported an association between tardive dyskinesia and a
polymorphism in the dopamine D3 receptor gene (49, 50).
An obvious problem is that dyskinesia measurements are
confounded by medications and fluctuate markedly over
time.

In conclusion, we tested the hypothesis that several
scales assessing neurological signs identify intermediate
phenotypes that could improve the power of genetic stud-
ies of schizophrenia. We found that items on the Woods
Scale are more prevalent in siblings of patients with
schizophrenia but that when the effects of medication
were removed, the effect size was fairly small and the rela-
tive risk was low. Although perhaps limited in power for
detecting susceptibility loci, neurological signs, because
they are more common in siblings who do not have
schizophrenia, offer concrete support that susceptibility
genes for schizophrenia have a detectable impact on signs
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of brain malfunction, in contrast to other phenotypic
measures that often depend on understanding instruc-
tions, motivation, and other potential confounding fac-
tors. Thus the genetics of schizophrenia may overlap with

the genetics of normal brain function.

APPENDIX 1. Neurological Signs on the Neurological Eval-
uation Scale and the Woods Scale and Brain Regions

Affected

Neurological Evaluation Scale Woods Scale
Handedness Orientation

Audiovisual integration Dementia

Memory Acute delirium/confusion
Right-left confusion (parietal) Aphasia

Convergence

Gaze impersistence

Adventitious overflow (frontal)

Tremor

Fist-ring test (frontal)

Fist-edge-palm test (frontal)

Oseretsky test (frontal)

Rhythm tapping test

Rapid alternating movements
(cerebellar)

Finger-thumb opposition
(frontal)

Mirror movements (frontal)

Synkinesis (frontal)

Glabellar reflex (frontal)
Snout reflex (frontal)
Grasp reflex (frontal)

Suck reflex (frontal)

Tandem walk (cerebellar)
Finger-to-nose test (cerebellar)
Romberg test

Stereognosis (parietal)
Graphesthesia (parietal)
Extinction (parietal)

Ophthalmoplegia (cranial)
Anosmia (cranial)
Esophoria (cranial)
Exophoria (cranial)
Gaze nystagmus (cranial)
Facial weakness (cranial)
Hearing loss (cranial)
Dysarthria (cranial)
Motor weakness central
Motor weakness peripheral
Spasticity
Cogwheel rigidity
Hypotonia
Postural (toxic/metabolic)
tremor?
Resting tremor?
Intention tremor
Slow/clumsy alternating
movements
Whole-body akinesia
Whole-body clumsiness
Balance abnormality
Gait ataxia
Sensory loss central
Buccolingual dyskinesia?
Choreiform movements®
Parkinsonian gait?
Mirror movements
Babinski sign
Grasp reflex
Pes cavus

2 Omitted from screened score because it has known causes.
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