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Objective: Childhood neurobehavioral
deficits in offspring of schizophrenic, affec-
tively ill, and psychiatrically normal parents
were evaluated as predictors of schizophre-
nia-related psychoses in adulthood.

Method: The offspring were tested with
neurobehavioral measures at 7-12 years
of age and assessed in mid-adulthood for
axis | diagnoses. The relationships of child-
hood deficits in attention, verbal memory,
and gross motor skills to adulthood schizo-
phrenia-related psychoses were examined
in separate path analyses by using logistic
regression equations. Sensitivity and speci-
ficity were determined for each of the
childhood dysfunctions.

Results: For the offspring of schizo-
phrenic parents, childhood deficits in ver-
bal memory, gross motor skills, and atten-
tion identified 83%, 75%, and 58%,
respectively, of the subjects with schizo-

phrenia-related psychoses; 50% were iden-
tified by all three variables combined.
False positive rates in subjects who did not
develop schizophrenia-related psychoses
ranged from 18% for those with deficits in
attention during childhood to 28% for
those with deficits in memory. The three
variables had low deficit rates in the off-
spring of the other two parental groups
and were not associated with other psychi-
atric disorders in any group.

Conclusions: Schizophrenia-related psy-
choses in adulthood are distinguished in
subjects at risk for schizophrenia by child-
hood deficits in verbal memory, gross mo-
tor skills, and attention. The findings sug-
gest that deficits in these variables are
relatively specific to schizophrenia risk
and may be indicators of the genetic lia-
bility to schizophrenia.

(Am ] Psychiatry 2000; 157:1416-1422)

Most contemporary high-risk and family studies of
schizophrenia rest on cumulative evidence from earlier
research that has demonstrated important genetic contri-
butions to this illness (1). The more recent studies search
for phenotypic anomalies with higher prevalence in rela-
tives of schizophrenic probands and in other at-risk indi-
viduals under the hypothesis that such anomalies repre-
sent indicators of susceptibility genes that make up the
genetic liability to schizophrenia. Identification of these
dysfunctions, it is hypothesized, may provide keys to un-
derstanding the pathophysiology of the illness and to
parsing clinical heterogeneity (2-4).

Nevertheless, the two types of studies have different
emphases. Family studies usually center on adult nonpsy-
chotic relatives and delineation of the schizophrenia gen-
otype’s range of nonclinical expression (5, 6). Phenotypic
indicators identified in these studies may be useful as
tools in differentiating clinically unaffected family mem-
bers into probable carriers and noncarriers of schizophre-
nia susceptibility genes in gene search studies (6, 7).

While high-risk research shares the goal of identifying
phenotypic indicators, it is chiefly a longitudinal quest for
variables that successfully predict future cases of schizo-
phrenia or its spectrum disorders. Reliable predictor vari-
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ables are seen as valuable aids for development of early in-
tervention strategies, since they would both highlight
problems that require remediation and flag the individu-
als most in need of receiving such intervention (8).

Numerous deficits in neurobehavioral domains have
been noted as being promising schizophrenia liability in-
dicators in high-risk and family studies (9-14). A compar-
ative evaluation of several such variables (6), however,
suggested that not all of them are equally useful as poten-
tial liability indicators for genetic search studies.

Some of the same neurobehavioral deficits have also
been suggested in high-risk research to be predictors of fu-
ture cases of schizophrenia or its related disorders (15-17),
as have other variables that probably reflect environmen-
tal more than genetic components of etiology (18, 19). Re-
ported associations between these variables and later
schizophrenia-related disorders are often relatively mod-
est, however, and the predictive accuracy of the different
variables has not been compared. Furthermore, specificity
with respect to risk for schizophrenia, compared with risk
for other psychiatric disorders, has not been established
for most dysfunctions proposed either as schizophrenia li-
ability indicators or as predictors of future schizophrenia-
related disorders.
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This report concerns predictive relationships between
neurobehavioral variables examined in mid-childhood
and later schizophrenia-related psychoses in offspring of
schizophrenic, affectively ill, and normal parents in the
New York High-Risk Project (20, 21). Accuracy (i.e., sensi-
tivity and specificity) in correctly discriminating subjects
who developed schizophrenia-related psychoses from
those who did not was evaluated for three neurobehav-
ioral variables. One was a global measure of attention de-
viance, which we have previously reported to be associ-
ated with poor adjustment and schizophrenia spectrum
features in adolescence (17, 22). The other two measures
were verbal memory and gross motor skills.

Prediction parameters were also compared between the
groups with schizophrenic and affectively ill parents to as-
sess unique risk for offspring of parents with schizophre-
nia and between schizophrenia-related psychoses and
other axis I outcomes to assess uniqueness to schizophre-
nia-related psychoses.

Method

Subject Selection and Diagnostic Procedures

The New York High-Risk Project recruited offspring of schizo-
phrenic, affectively ill, and psychiatrically normal parents in
1971-1972 and in 1977-1979. Mentally ill parents were identified
from admissions to state psychiatric hospitals in lower New York
State, interviewed with the Schedule for Affective Disorders and
Schizophrenia—Lifetime Version (SADS-L) (23), and diagnosed
according to Research Diagnostic Criteria (RDC) (24). Normal
comparison parents were free of major mental disorders and
prior psychiatric treatment history (20).

The offspring were white, English-speaking, a mean age of 9.29
years (§D=1.76), and free of mental retardation, major psychiatric
disorders, or treatment for emotional problems at recruitment.
Subjects received six rounds of evaluations approximately 3 years
apart.

Written informed consent was obtained from the parents for
themselves and their minor children at the first contact with the
family and from each individual participant at all subsequent ex-
aminations.

SADS-L interviews were administered during the fourth
through sixth evaluations, at which the subjects were a mean age
0f 19.70 years (SD=1.83), 23.20 (SD=2.12), and 27.30 (SD=2.16), re-
spectively. Lifetime axis I diagnoses and estimates of onset age
were based on the interviews and clinical records. For subjects
with new onsets since the sixth evaluation, assessments were up-
dated to autumn 1995, at which point the subjects were a mean
age of 30.70 years (SD=3.26). Details concerning interview proce-
dures and reliability have been previously described (20, 21).

For this report, adulthood axis I disorders were hierarchically
classified into three categories: 1) schizophrenia-related psycho-
ses (schizophrenia, unspecified psychosis, and “mainly schizo-
phrenic” schizoaffective disorder [per the RDC distinction]), 2)
major affective disorders (“mainly affective” schizoaffective dis-
order [per the RDC distinction], bipolar I and bipolar II disorder,
and major depression); and 3) other major axis I disorders (hypo-
mania, intermittent depression, anxiety disorders, and substance
abuse disorders). Subjects were counted only once, regardless of
comorbidity, in the hierarchal order.

Only those offspring with complete childhood neurobehav-
ioral data and diagnostic assessments in adulthood were in-
cluded in this report. Of the original 358, 34 had died or could not
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be traced to adulthood. Of the 324 followed subjects, 55 had in-
complete neurobehavioral data because of equipment failure or
administration of different tests. Thus, this report concerns 269
subjects. Adulthood axis I diagnoses among the 79 offspring of
schizophrenic parents included schizophrenia-related psychoses
(15.2%, N=12), major affective disorders (35.4%, N=28), and other
major axis I disorders (16.5%, N=13); 32.9% (N=26) had no disor-
der. Among the 57 offspring of affectively ill parents, 7.0% (N=4)
had schizophrenia-related psychoses, 45.6% (N=26) had major af-
fective disorders, and 21.1% (N=12) had other major axis I disor-
ders in adulthood; 26.3% (N=15) had no disorder. Finally, schizo-
phrenia-related psychoses, major affective disorders, and other
major axis I disorders affected 0.8% (N=1), 30.1% (N=40), and
27.8% (N=37) of the 133 offspring of normal parents, respectively;
41.4% (N=55) had no disorder.

Childhood Neurobehavioral Performance

The cognitive batteries have been described in detail (22).
Both groups (i.e., those recruited in 1971-1972 and in 1977-1979)
were given variants of the Continuous Performance Test, a test of
visual sustained attention (25) widely used in schizophrenia
research.

Other cognitive tasks employed were the Attention Span Task, a
measure of short-term memory storage capacity based on proce-
dures reported in studies of schizophrenic patients (26) and the
digits forward and backward components of the Digit Span sub-
test from the Wechsler Intelligence Scale for Children (WISC or
WISC-R). (For offspring recruited in 1977-1979, the Visual Aural
Digit Span Test [27] was substituted for the Attention Span Task
and Digit Span tasks to testimmediate auditory and visual recall.)

Neuromotor assessment was based on a 31-item version of the
Lincoln-Oseretsky Motor Development Scale (28).

Two types of summary measures were developed: the Attention
Deviance Index, a measure of global attention as described previ-
ously (17, 22), and composite variables selected by using hypoth-
eses that were based on the structure of the tests and entered into
factor analyses with varimax rotation (29). The factor analyses
were carried out separately for the two recruitment groups, and
the factor structures were identical. The resulting five factors were
errors and correct responses (both from Continuous Performance
Test variables), memory (from the Digit Span, Attention Span
Task, and Visual Aural Digit Span Test), and fine motor and gross
motor skills (from the Lincoln-Oseretsky Motor Development
Scale).

Statistical Analyses

We developed theoretical models to be tested separately for
each of six mediating variables (i.e., performance on the Atten-
tion Deviance Index and the aforementioned five factors). The
model for each mediating variable generated two equations for
which explanatory variables (parental psychiatric status) and
control variables (gender, recruitment sample [1971-1972 versus
1977-1979], and age at testing) were included as background vari-
ables. The first equation, a linear regression, related parental psy-
chiatric status and control variables to childhood neurobehav-
ioral performance on the mediating variable. The second
equation, a logistic regression, related parental psychiatric status,
control variables, and performance on the mediating variable to
the psychiatric outcome. Although schizophrenia-related psy-
choses was the main psychiatric outcome of interest, separate
analyses were also run for major affective disorders and for other
major axis I disorders.

In the theoretical model (Figure 1), two paths of main interest
were 1) the effect of being an offspring of a schizophrenic parent
versus being an offspring of a psychiatrically normal parent in re-
lation to childhood neurobehavioral performance on the mediat-
ing variable (path A) and 2) the relationship of performance on
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FIGURE 1. Models to Determine the Relationship of Paren-
tal Psychiatric Status, Offspring Neurobehavioral Deficits
in Childhood, and Offspring Psychiatric Outcome in Adult-
hood?

Background Mediating Final
Variables Variables,P Outcomes,
(explanatory analyzed analyzed
and control) separately separately
C

| \

Offspring of

. . Attention Deviance
schizophrenic

Index Schizophrenia-

vs. normal parent related
A [Errors] psychoses
[Correct responses] B Major
D ’ affective
I—» Memory disorders
. [Fine motor skills]
Offspring of
affectively ill Gross motor skills Other

vs. normal parent

_________ H
| |

Age at testing | — — — = —_

d paths A and D represent the effect of the explanatory variable (pa-
rental psychiatric status) on mediating variables (childhood neu-
robehavioral performance). Paths C and E represent the direct ef-
fect of parental psychiatric status on final outcome. Path B
represents the relationship of neurobehavioral performance to fi-
nal outcome.

€ Mediating variables shown in brackets were not significant and
were dropped from the analyses.

the mediating variable to psychiatric outcome (path B). Paths A
and B were assessed in the linear and logistic regressions, respec-
tively. Another critical pathway assessed in the logistic regression
analysis was the direct effect of having a schizophrenic parent
versus a normal parent in relation to the outcome (path C). Paths
D and E (analogous to paths A and C, respectively, but with the ef-
fect of being an offspring of an affectively ill parent replacing that
of being an offspring of a schizophrenic parent) were also exam-
ined through linear and logistic regression equations.

The strongest genetic model would be one showing that 1) be-
ing an offspring of a schizophrenic parent significantly affects per-
formance on the mediating variable (path A)—thereby suggesting
that this variable could be a phenotypic indicator of the genetic li-
ability to schizophrenia—and 2) performance on the mediating
variable and offspring-of-schizophrenic-parents status signifi-
cantly predict future development of schizophrenia-related psy-
choses (paths B and C, respectively). Such a model would be con-
sistent with the fact that some, but not all, of the phenotypic
indicators have been identified and, therefore, that familial back-
ground (path C) remains as a significant direct effect on the devel-
opment of schizophrenia-related psychoses. Significant findings
for paths A and B only present a weaker case for the genetic
model, since the schizophrenic-parent effect has no explanatory
power for the development of schizophrenia-related psychoses. A
model with significant paths A and C only would suggest that, al-
though the mediating variable might be a liability indicator, it is
not useful as a predictor of a schizophrenia-related psychosis out-
come. A model with significant paths B and C only might suggest
that, whereas both performance on the mediating variable and
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the schizophrenic-parent effect predict the outcome, the mediat-
ing variable is not an indicator of genetic liability. This model
might be found for environmental factors that interact with a ge-
netic liability in the development of schizophrenia.

Our goal was to compare the sensitivity and specificity of
models in which regression coefficients for both paths A and B
were significant as predictors of the onset of schizophrenia-re-
lated psychoses (i.e., the models in which the mediating variable
represents a potential endophenotype as well as predictor of
later illness.) On the basis of predictive probabilities yielded by
the logistic regression analyses, receiver operating characteristic
curves were plotted. From these curves we derived cutting
scores to maximize the correct classification rates for schizo-
phrenia-related psychoses, i.e., scores that maximized sensitiv-
ity and specificity of the model in predicting schizophrenia-re-
lated psychoses for offspring of schizophrenic parents.
Sensitivity represents the percentage of subjects with schizo-
phrenia-related psychoses correctly classified by the cutting
score, and specificity represents the percentage of subjects with-
out schizophrenia-related psychoses who were correctly classi-
fied as not developing schizophrenia-related psychoses. Note
that since 1-specificity equals the false positive rate (i.e., the
proportion of subjects falsely predicted to develop schizophre-
nia-related psychoses), maximizing specificity ensures that the
false positive rate is minimized.

Results

Mean performance on each of the six mediating vari-
ables was significantly worse in the offspring of schizo-
phrenic parents than in the other groups. However, the
models for errors, correct responses, and fine motor skills
were not significantly related to onset of schizophrenia-re-
lated psychoses. These variables were therefore dropped.
(No mediating variable was significantly related to onset of
major affective disorders or other major axis I disorders.)

The contrast between offspring of schizophrenic par-
ents and offspring of normal parents (path A) was signifi-
cant in the models involving the three remaining neurobe-
havioral variables (Attention Deviance Index: t=4.87, df=
273, p<0.001; memory: t=—2.02, df=264, p=0.05; gross mo-
tor skills: t=—4.22, df=310, p<0.001). For all three models, a
significant direct relationship with schizophrenia-related
psychoses was seen for both performance on the mediat-
ing variable (path B) and the contrast between offspring of
schizophrenic parents and offspring of normal parents
(path C): (Attention Deviance Index model, path B: Wald
x%=3.70, df=1, p=0.054; path C: Wald y?=7.83, df=1, p=
0.005; odds ratio=20:1. Memory model, path B: Wald y?=
3.66, df=1, p=0.056; path C: Wald %?=9.05, df=1, p=0.003,
odds ratio=25:1. Gross motor skills model, path B: Wald
x?=7.48, df=1, p=0.006; path C: Wald x2=7.97, df=1, p=
0.005, odds ratio=20:1). The combination of significant re-
gression coefficients for paths A, B, and C is consistent
with the genetic model and suggests that the mediating
neurobehavioral variables may be phenotypic indicators
of the genetic liability to schizophrenia-related psychoses
and that the variables together with offspring-of-schizo-
phrenic-parents status predict the future development of
these disorders.
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TABLE 1. Childhood Neurobehavioral Deficits as Predictors of Schizophrenia-Related Psychoses Among Offspring of
Schizophrenic, Affectively Ill, and Psychiatrically Normal Parents

Percent
False Positive Positive Negative Overall

Risk Group and Neurobehavioral Deficit?®  Sensitivity Specificity Rate Predictive Value Predictive Value Accuracy
Offspring of schizophrenic parents (N=79)

Attention deviance 58.3 82.1 17.9 36.8 91.7 78.5

Memory 83.3 71.6 28.4 34.5 96.0 73.4

Gross motor skills 75.0 73.1 26.9 33.3 94.2 73.4

Model with all three mediating variables 50.0 89.6 10.4 46.2 90.9 83.5
Offspring of affectively ill parents (N=57)

Attention deviance 0.0 100.0 0.0 0.0 93.0 93.0

Memory 25.0 88.7 11.3 14.3 94.0 84.2

Gross motor skills 50.0 94.3 5.7 3.8 96.2 91.2

Model with all three mediating variables 0.0 100.0 0.0 0.0 93.0 93.0
Offspring of normal parents (N=133)

Attention deviance 0.0 100.0 0.0 0.0 99.2 99.2

Memory 0.0 100.0 0.0 0.0 99.2 99.2

Gross motor skills 0.0 100.0 0.0 0.0 99.2 99.2

Model with all three mediating variables 0.0 100.0 0.0 0.0 99.2 99.2

a Deficits were entered as mediating variables into logistic regression analyses to plot receiver operating characteristic curves with cutting

scores derived to maximize correct classification.

The contrast between offspring of affectively ill parents
and offspring of normal parents (path D) was significant
only for gross motor skills (t=-1.98, df=310, p=0.05), but
path E—the direct effect of an affectively ill parent on de-
velopment of schizophrenia-related psychoses—was not
significant, which indicated a weak genetic model.

Table 1 presents sensitivity, specificity, and false positive
rates for prediction of the development of schizophrenia-
related psychoses, derived from the aforementioned re-
ceiver operating characteristic curves. Positive and nega-
tive predictive values (i.e., the percentages of subjects with
impairment on the mediating variable who developed
schizophrenia-related psychoses and of subjects without
impairment who did not develop such disorders, respec-
tively) and overall accuracy rates (true positive plus true
negative subjects) are also presented. For offspring of
schizophrenic parents, sensitivity in identifying future de-
velopment of schizophrenia-related psychoses was high-
est for the regression model with memory (83.3%) as the
mediating variable and lowest for the model with Atten-
tion Deviance Index performance (58.3%). Conversely,
false positive rates in the group of offspring of schizo-
phrenic parents were lowest for the Attention Deviance In-
dex model and not as good for the models with memory
and gross motor skills as mediating variables. Positive pre-
dictive values and overall accuracy rates were nearly the
same for offspring of schizophrenic parents with all three
mediating variables.

Low sensitivity and false positive rates for prediction of
schizophrenia-related psychoses in the offspring of affec-
tively ill and psychiatrically normal parents suggest that
deficits in each mediating variable representing neurobe-
havioral performance are comparatively unique to risk for
schizophrenia. For example, the total prevalence of im-
pairment in the offspring of schizophrenic parents com-
pared with offspring of affectively ill parents was 24% ver-
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sus 0%, respectively, for attention, 37% versus 12% for
memory, and 34% versus 9% for motor skills.

We also examined agreement across the three predic-
tion models. In the group of offspring of schizophrenic
parents, 91.7% (N=11 of 12) of those with schizophrenia-
related psychoses were correctly classified by at least one
model. As Table 1 shows, all three models together identi-
fied half of the subjects with schizophrenia-related psy-
choses (50% sensitivity, 46% positive predictive value) but
also tagged 10% of the subjects without schizophrenia-re-
lated psychoses as false positive. Among the offspring of
affectively ill parents, no subjects were predicted to de-
velop schizophrenia-related psychoses by all three mod-
els, and only one was predicted by two models.

Discussion

Deficits in attention, memory, and neuromotor func-
tions were noted in early formal descriptions of schizo-
phrenia (30) and subsequently documented in experi-
mental studies of patients and their relatives (10, 11, 15).
This report suggests that such dysfunctions clearly meet at
least three of the criteria that have been established to
qualify a variable as a phenotypic indicator (2-4). In this
study, the deficits were 1) present before clinical symp-
toms and thus independent of the illness state; 2) substan-
tially more prevalent in relatives of schizophrenic patients
than in relatives of comparison subjects; and 3) compara-
tively specific to risk for schizophrenia versus risk for af-
fective disorders, in that they exhibited greater prevalence
among offspring of schizophrenic parents than among
offspring of affectively ill parents. The neurobehavioral
variables were also specifically related to schizophrenia-
related psychoses as the psychiatric outcome rather than
to other outcomes.

A fourth criterion—longitudinal stability and persis-
tence of impairment—was seen for two of the variables as
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verbal memory was assessed and age-appropriate ver-
sions of the Attention Deviance Index (31) were adminis-
tered over several evaluations. Gross motor skill was tested
only in childhood, but other studies (32) suggest that neu-
romotor deficits continue to older ages.

The chief focus here, however, was on the effectiveness
of the three measures. Each showed comparatively good
accuracy of classification, with rates at the upper end of
the range previously reported in high-risk research, but
the sensitivity-specificity balance differed among the vari-
ables. Sensitivity, in correctly predicting schizophrenia-re-
lated psychoses, was unusually high for verbal memory
(83%) and gross motor skills (75%). Comparatively, the At-
tention Deviance Index had a weaker sensitivity rate but
fewer false positive classifications among offspring of
schizophrenic parents who did not develop schizophre-
nia-related psychoses. Thus, implications for use in ge-
netic or intervention research differ for these variables.

Because gene search studies are especially vulnerable to
false positive classification of relatives as susceptibility
gene carriers (6), the Attention Deviance Index may be the
most useful of the three variables for such studies. Indeed,
a “diagnostic accuracy” analysis (6) that compared a num-
ber of personality disorders and neurobehavioral vari-
ables (not including memory or gross motor skills) that
had been proposed as indicators of the schizophrenia
genotype suggested that the Attention Deviance Index
might prove the most useful for increasing informative-
ness of linkage data. Furthermore, in the present analyses,
impairment rates were greater for memory and gross mo-
tor skills than for the Attention Deviance Index in off-
spring of affectively ill parents, thus suggesting better dis-
crimination by the Attention Deviance Index between
schizophrenia pedigree members who are at risk for affec-
tive disorders and those who are carriers of the schizo-
phrenia genotype. This is important because, given the
high population base rate for affective disorders, individu-
als at risk for these disorders are often included by chance
in schizophrenia pedigrees.

Intervention, the long-term but often controversial goal
of high-risk research, poses other questions with respect to
the level of tolerance for predictive misclassifications.
Strategies, such as cognitive intervention therapies, that
have little danger of deleterious effects can obviously toler-
ate higher false positive and lower sensitivity rates (or pos-
itive predictive values) than strategies, such as pharmaco-
logical interventions, that are potentially more powerful
but could produce harmful effects, especially in children or
adolescents. On the whole, predictive performance of our
three measures, or of most measures reported in high-risk
studies, does not seem to support use of the latter types of
intervention in young high-risk subjects.

A limitation of the present analyses is that they cannot
be directly extrapolated to detection of preschizophrenic
individuals in the general population. Since only about
15% of future schizophrenic patients have a schizophrenic
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first-degree relative, identification of the majority of pre-
schizophrenic individuals for any type of intervention
program would need to be based on general population
screening. Given the low population base rate of schizo-
phrenia-related psychoses, however, normal control
groups in this and other high-risk studies are too small to
test an indicator’s capacity as an effective preschizophre-
nia screen and predictor of schizophrenia-related psycho-
ses in the general population. Thus, this study provides no
information about choosing individuals from the general
population, even for “benign” interventions.

The most conservative approach to detection either of
probable genotypes in schizophrenia pedigrees or of indi-
viduals considered for intervention in high-risk research
would be one requiring evidence of impairment on multi-
ple “endophenotypic” (1) measures. In the present analy-
ses, the combination of impairment on all three variables
together achieved better classification among the off-
spring of schizophrenic parents with respect to false posi-
tive rate (10%), positive predictive value (46%), and overall
accuracy (83%) than any of the variables individually.

The nonpsychotic offspring of schizophrenic parents
who were among the 10% falsely classified when all three
variables were combined are of interest because they ap-
pear to be carriers of some of the susceptibility genes for
schizophrenia and may yield information, by default,
about other factors that are needed for development of the
overt illness. It is possible, of course, that some of these
subjects will express the clinical illness in the future. How-
ever, they were not younger than the mean age at onset of
the subjects with schizophrenia-related psychoses and
had not met criteria for probable cluster A disorders,
which most subjects with schizophrenia-related psycho-
ses exhibited before onset of psychoses.

A likely possibility—expected from the multifactorial
nature of schizophrenia (1)—is that deficits in attention,
memory, and gross motor skills reflect only some of the
phenotypic indicators of a large complex of susceptibility
genes, as indicated by the significant effect of path C from
family background to schizophrenia-related psychoses
when the influence of the mediating variables is con-
trolled. Thus, subjects with schizophrenia-related psycho-
ses may exhibit additional as-yet-unidentified phenotypic
impairments than the subjects who were false positive. Al-
though several neurobehavioral variables examined dur-
ing the childhood testing did not relate to schizophrenia-
related psychoses, other measures, not yet available at
that time (e.g., functional brain imaging, more complete
and refined neuropsychological test batteries, etc.) might
have been better predictors. Alternatively, false positive
subjects may have fewer negative “polygenic potentia-
tors” (33) or may have experienced less exposure to envi-
ronmental factors that interact with susceptibility genes
for full clinical expression of the illness. Ongoing analyses
in the New York High-Risk Project are exploring these pos-
sibilities by comparing a number of phenotypic and his-
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torical variables among offspring of schizophrenic parents
1) with schizophrenia-related psychoses, 2) without
schizophrenia-related psychoses and correctly classified
as such (true negative), and 3) without schizophrenia-re-
lated psychoses but falsely classified as such.

Childhood manifestation of neurobehavioral deficits by
preschizophrenic subjects is consistent with current neu-
rodevelopmental hypotheses (34, 35), which suggest that
early brain damage—resulting from environmental in-
sults, faulty genetic programming, or their interaction—
may remain unexpressed as clinical symptoms for many
years but may appear as earlier neurobehavioral or other
deficits. Cognitive deficits, notably including memory and
attentional impairments, with possible roots in early de-
velopmental damage are considered hallmark character-
istics of schizophrenia. Nevertheless, as demonstrated
here, motoric dysfunctions must also be considered in ex-
planations of the pathophysiology of the illness.

Ithas been proposed that dysfunctional frontal-cerebel-
lar-thalamic circuitry, which appears to underlie memory
impairment in schizophrenic patients, could also account
for a broad range of other cognitive and motor distur-
bances (36, 37). The hypothesized disruption in a central
timing process associated with this circuitry is of interest
in connection with the present cognitive and motor find-
ings, especially when taken together with the fact that off-
spring of schizophrenic parents in this study displayed
clear temporal deficits on a perceptual duration task (un-
published 1999 manuscript of T. Penney et al.).

On the whole, the present analyses indicate the impor-
tance of prospective follow-up of offspring of schizo-
phrenic and other mentally ill parents for identifying early
neurobehavioral dysfunctions that are probably endophe-
notypic indicators of schizophrenia susceptibility genes,
strong predictors of schizophrenia-related psychoses in
the offspring, and comparatively specific to the liability for
schizophrenia contrasted with other psychiatric disorders.
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