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Behavioral and Intellectual Markers for Schizophrenia
in Apparently Healthy Male Adolescents
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Objective: Subtle behavioral and intellectual abnormalities are often present in appar-
ently healthy adolescents who later develop schizophrenia. The authors investigated
whether these abnormalities can predict vulnerability for schizophrenia before the first psy-
chotic manifestation. Method: The study consisted of linking the Israeli Draft Board Regis-
try with the National Psychiatric Hospitalization Case Registry. The draft board tests mea-
sure intelligence, social functioning, organizational ability, interest in physical activity, and
individual autonomy. Patients (N=509) were compared to nonpatients, i.e., adolescents not
appearing in the National Psychiatric Registry (N=9,215), matched to patients by age, gen-
der, and school attended at time of testing. Results: Healthy male adolescents who were
later hospitalized for schizophrenia had significantly lower test scores on all measures than
adolescents not reported to the National Psychiatric Registry. The strongest predictors for
schizophrenia were deficits in social functioning, organizational ability, and intellectual
functioning. When patients were compared to matched nonpatients, the prediction model
had a 75% sensitivity, a 100% specificity, a positive predictive value of 72%, and an overall
rate of correct classification of 87.5%. Applied to the Israeli Draft Board Registry, the model
yielded a sensitivity of 74.7%, a validated specificity of 99.7%, and a positive predictive
value of 42.7%. Conclusions: This study demonstrated that simple assessment tools can
predict predisposition to schizophrenia in healthy male adolescents. The model’s predictive
ability does not change as a function of the time elapsed between testing and first hospital-
ization. This suggests that the model identifies apparently healthy individuals who will man-
ifest the disease later who are not prodromal to psychosis. Easily applied tools allowing
early identification of schizophrenia or vulnerability to it may enable early intervention. 

(Am J Psychiatry 1999; 156:1328–1335)

Frequently, a diagnosis of schizophrenia is assigned
when florid psychosis first manifests itself. However,
converging evidence indicates that subtle behavioral and
intellectual abnormalities often precede the first psy-
chotic episode. Apparently healthy children and adoles-
cents destined to develop schizophrenia manifest lower
intelligence, withdrawn social behavior, conduct and

adjustment abnormalities, and very mild neurological
deficits (in comparison to classmates, siblings, matched
comparison subjects, or population norms) (1–30).

Although the notion that some of the children and
adolescents predestined to develop schizophrenia
present subtle behavioral and intellectual abnormali-
ties has been described long ago (29, 30), their preva-
lence, phenomenology, and pathophysiological signifi-
cance are far from clear. Studies attempting to clarify
the antecedents of schizophrenia have employed one of
the following strategies: high-risk studies, birth cohort
studies, retrospective studies, and follow-back studies.
However, all strategies have inevitable methodological
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limitations because schizophrenia is a relatively low-
incidence disease, and no powerful risk factors for
schizophrenia have been identified; a high number of
at-risk individuals has to be followed to obtain a small
number of patients. As a result, high-risk studies are
very expensive, and the results are not suitable to test
multiple hypotheses with sufficient statistical power.
Birth cohort studies, which draw patients from an epi-
demiological group, have the advantage of examining
the early antecedents of a representative group of indi-
viduals who are later diagnosed with schizophrenia.
However, like high-risk studies, they are very expen-
sive and, in the end, yield a relatively small number of
patients. Also, because these studies are generally not
intended to specifically study schizophrenia but all as-
pects of development (31), they do not include mea-
surements presumed to be relevant to schizophrenia
like the high-risk studies. Studies based on a retrospec-
tive assessment of the developmental history of ill indi-
viduals are limited by selective recall and by the high
prevalence of subtle behavioral and intellectual devia-
tions in the general adolescent population that are ret-
rospectively attributed to the illness. The present study
is a follow-back or historical, prospective study. It has
the advantage of including an entire national popula-
tion; hence, it can examine markers predicting vulner-
ability to the illness with high statistical power. The
study was done by merging the Israeli National Psychi-
atric Hospitalization Case Registry with the Israeli
Draft Board Registry, which contains the scores of be-
havioral and intellectual assessments of male adoles-
cents obtained at ages 16 to 17 years. The specific pur-
pose of the study was to determine if future psychiatric
hospitalization caused by schizophrenia could be pre-
dicted from the results of the Israeli Draft Board Reg-
istry preinduction assessment tests. If sensitive, spe-
cific, and reliable tests predictive of psychosis and
hospitalization can be developed, it may be possible to
treat at-risk individuals very early, perhaps improving
the outcome of the illness (32–34).

METHOD

Draft Board Assessment

Israeli law requires that all adolescents between the ages of 16 and
17 undergo preinduction assessment to determine their intellectual,
medical, and psychiatric eligibility for military service. This assess-
ment is compulsory and is administered to the entire unselected pop-
ulation of Israeli adolescents. It includes individuals who are eligible
for military service, as well as those who will be excused from service
on the basis of medical, psychiatric, or social reasons.

The draft board assessment consists of 1) a physical examination,
a review of systems, and a psychiatric history—all conducted by a
physician; 2) a cognitive test battery; and 3) an interview assessing
personality and behavioral traits, conducted by a psychometrician.
The cognitive and behavior test battery and its validation are de-
scribed in detail elsewhere (35).

The cognitive test battery yields a total score that is a highly valid
measure of general intelligence equivalent to a normally distributed
IQ (35). All tests are in pen-and-paper format and are administered
by a trained psychometrician. The cognitive assessment is composed

of four subtests: 1) Arithmetic—R, a multiple-choice test assessing
reasoning, concentration, and concept manipulation. This subtest is
similar to the arithmetic subtest from the Wechsler Intelligence Scale
but contains twice as many items, some of which are more difficult
than the Wechsler items. 2) Similarities—R, a multiple-choice test as-
sessing verbal abstraction and categorization (i.e., the ability to un-
derstand the relationship between words and the use of this relation-
ship in several contexts). It is a revised version of the similarities
subtest from the Wechsler Intelligence Scale. Unlike in the Wechsler
test, subjects are requested not only to identify and report the seman-
tic or causal relationships between the test items but also to apply
these relations to target items. 3) Raven’s Progressive Matrices—R, a
modified version of Raven’s Progressive Matrices, which is a multi-
ple-choice measure of nonverbal abstract reasoning and problem-
solving abilities. 4) Otis test of mental ability, a modified, Otis-type
verbal intelligence test adapted from the U.S. Army Alpha Instruc-
tions Test. It measures the ability to understand and carry out verbal
instructions (36).

The behavioral assessment is done by a trained psychometrician
who administers a structured interview evaluating 1) social func-
tioning, which assesses social potency (e.g., likes to take charge,
likes to be noticed at social events), and social closeness (e.g., socia-
ble, has close interpersonal ties); 2) individual autonomy, which as-
sesses personal autonomy, maturity, and self-directed behavior (e.g.,
the ability to function and make decisions independently); 3) orga-
nizational ability, which assesses compliance to timetables, self-
mastery, and self-care (e.g., the ability to adhere to a schedule and
tidiness responsibility); and 4) physical activity, which assesses in-
volvement in extracurricular activities, concentrating on health-re-
lated physical activities (e.g., interest in sports and hiking). Behav-
iors are rated on a 1 (lowest)-to-5 (highest) scale on the basis of
predetermined reliable and validated instructions. Examples of
questions in the interview are as follows: How many good friends
do you have? Do you tend to be the center of attention at parties?
How often are you late for school? Do you consider yourself orga-
nized? Who cleans your room? (35). If the interviewer suspects any
abnormal behavior or psychiatric illness, or if the scores achieved
by the draftees are below predetermined standard norms, the draft-
ees are referred for further assessment, which is conducted by a clin-
ical psychologist or a psychiatrist.

National Psychiatric Hospitalization Case Registry

The National Psychiatric Hospitalization Case Registry is a com-
plete listing of all psychiatric hospitalizations in Israel, including the
ICD-9 diagnosis assigned and coded on discharge by a board-certi-
fied psychiatrist at the facility. All inpatient psychiatric facilities in
the country, including day hospitals and psychiatric units in general
hospitals, are required by law to report all admissions and dis-
charges to the registry. Reporting is monitored by a special unit of
the Ministry of Health that verifies reporting compliance and consis-
tency of information, thus, ensuring the completeness and correct-
ness of the registry.

Study Population

The National Psychiatric Hospitalization Case Registry file was
merged with the Israeli Draft Board Registry file by the managers of
the registry by using an algorithm to preserve medical record confi-
dentiality (37) and in compliance with local institutional review
board approval. The linking variable was the national identification
number (equivalent to the U.S. Social Security number). The merged
file included all adolescents assessed by the draft board between
1985 and 1991 who were reported to the National Psychiatric Hos-
pitalization Case Registry between 1970 and 1995 and given a di-
agnosis of schizophrenia. This allowed for a follow-up of between 4
and 10 years. Because the hypothesis tested was that both behav-
ioral and intelligence variables predict future schizophrenia and be-
cause the draft board administered intelligence but not behavioral
tests to adolescent girls, only adolescent boys were included in the
current analysis.

The merger of the draft board file with the National Psychiatric
Hospitalization Case Registry identified 994 adolescent boys with a
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diagnosis of schizophrenia, bringing the risk for schizophrenia in
this population to 0.52%, similar to the risk reported by others (17,
38). To limit this analysis to apparently healthy individuals with no
obvious signs of disease, 359 of the 994 draftees who presented clin-
ically detectable signs or symptoms of any mental illness or of men-
tal retardation for which they were exempted from the draft were
excluded from further analysis. Also, in order to lessen the chance of
including patients in the prodrome or initial stages of the disease, an
additional 62 individuals who had a psychiatric hospitalization be-
fore the draft board assessment or within 1 year from the date of
draft board assessment were excluded. An additional 64 of the re-
maining 573 individuals were excluded from further analysis be-
cause of incomplete test data. The proportion of missing data in the
entire Israeli Draft Board Registry was similar to the proportion of
missing data in the study population (11% versus 13%). The re-
maining group used for analysis included 509 draftees who had their
first hospitalization for schizophrenia 1 year or more after testing
(defined as patients).

The patients’ scores were compared to the mean scores of all indi-
viduals tested at the same age and attending the same high school
who were found eligible for military service and did not appear in
the case registry (defined as nonpatients) (N=9,215). Matching pa-
tients to nonpatients by high school attended at the time of testing
was an attempt to control for educational and social opportunities.
To avoid unforeseeable biases that might affect case comparison
studies (39), in addition to comparisons to classmates, patients were
compared to the entire population of draftees eligible for military
service not identified in the case registry. At time of testing, the pa-
tients had moderately—but statistically significantly—fewer years of
formal education than the entire draft-eligible population (mean=
10.5 years, SD=2.1, versus mean=11.3, SD=1.5) (t=11.03, df=
171,971, p=0.0001).

Data Analyses

Data analyses examined the extent to which test scores could be
used to correctly classify individuals as patients or nonpatients. In
the first stage of the analysis, the 509 patients were compared to
their matched comparison subjects (i.e., nonpatient schoolmates) by
using a paired-samples t test. The next stage of the analysis exam-
ined differences between patients and nonpatients on the four behav-
ioral measures and on intellectual functioning by using the chi-
square test. To adjust for multiple comparisons, the significance level
was set at p<0.01.

To evaluate the independent predictive value of the preinduction
test scores, multivariate logistic regression was carried out. The pre-
dictive model was further refined by using conditional logistic re-
gression (40). The conditional logistic regression model was specifi-
cally developed for the analysis of matched comparison data, which
are usually highly stratified (40). The conditional logistic regression
model is highly effective in analyzing retrospective matched data
(41). In this model, for each pair of predictor variables (e.g., scores
of social functioning for patients and nonpatients), the difference be-
tween the corresponding values for the patient and the nonpatient is
calculated, yielding the difference in social functioning—a delta
score. Using this delta score in the conditional logistic regression

yielded a model specificity of 100%. To further test the model’s spec-
ificity, the model was applied to the entire population, excluding in-
dividuals diagnosed by the draft board assessment as suffering from
a psychiatric illness, subsyndromal psychiatric manifestations, se-
verely abnormal behavior, or mental retardation. The results of this
procedure are referred to as validated specificity.

To avoid the bias inherent in using the same data to test the pre-
dictive accuracy of the model, the jackknifing method was applied to
the data. To account for the prevalence of schizophrenia in the gen-
eral population (i.e., prior probability), Bayes’s theorem was applied
to the model (42). The logistic regression was carried out in a step-
forward fashion. All analyses were done by using PROC FREQ,
PROC MEANS, PROC T-TEST, and PROC LOGISTIC from the
SAS package.

RESULTS

As a group, the individuals destined to develop
schizophrenia (N=509) obtained statistically signifi-
cant lower (worse) scores on all measures than
matched nonpatients (N=9,215) and the entire popula-
tion (all p values were lower than 0.0001).

The differences between patients and their respective
nonpatients are presented in table 1. This table speci-
fies the percentages of patients who performed below
the normal range relative to their comparison group
(i.e., a comparison to the poorest performance of a
healthy individual of the same age attending the same
high school) on each measure. As shown, a high pro-
portion of the patients performed below the range of
their nonpatient peers. This was most pronounced in
social functioning, where 23.2% of the patients per-
formed below the range of their nonpatient classmates
and 29.1% performed at the lowest normal range.
Thus, 52.3% of the patients had a social functioning
score that was equal to or lower than that of their
matched nonpatients. This analysis illustrates the
power of comparing patients to matched subjects from
the same school.

Table 2 presents a comparison of the distribution of
all patients to all nonpatients. For this and subsequent
analyses, the mean score of the nonpatient matched
comparison subjects was used. As shown, there are
large and statistically significant differences on all be-
havioral measures. Again, the most pronounced dif-
ferences were in social functioning, where 8.3% of pa-
tients had the lowest score and 35.1% had the second-
to-lowest score, whereas only 0.8% and 6.2% of non-
patients, respectively, had scores in these categories.
By using, for example, the social functioning scale
alone, with a cut-off point of the lowest two quintiles,
one could accurately predict membership in the pa-
tient group in 43.4% of the patients (8.3% plus
35.1%) and membership in the nonpatient group in
93.0% (85.6% plus 7.4% plus 0.0%). On the mea-
sure of intellectual functioning, which was rescaled
into a variable with nine categories, there was also a
large and statistically significant difference between
patients and nonpatients. Despite the differences, it
should be noted that patients performed over the same
range as nonpatients.

TABLE 1. Relative Performance on Behavioral and Intellectual
Measures of 16–17-Year-Old Israeli Boys Who Were Later Hos-
pitalized for Schizophrenia (N=509)

Measure

Percentage of Patients

With Scores Below 
the Range of Their 

Nonpatient
Classmates

With the Lowest 
Score in the Range 
of Their Nonpatient 

Classmates

Social functioning 23 29
Organizational ability 15 30
Interest in physical 

activity 16 28
Individual autonomy 16 35
Intellectual functioning 24 1
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The combined predictive ability of the four behav-
ioral measures and intellectual functioning were stud-
ied by using logistic regression. Using standard logistic
regression, we found that the best predictors of future
schizophrenia were poor social functioning (Wald χ2=
87.9, df=1, p=0.0001; odds ratio=3.22, 95% confi-
dence interval [CI]=2.54–4.13) and lower intellectual
functioning (scaled) (Wald χ2=6.5, df=1, p=0.01; odds
ratio=1.18, 95% CI=1.04–1.33). Using a cutoff point
of 0.7, which best divided the groups, we obtained a
sensitivity of 53.1% and a validated specificity of
95.0% (model χ2=129.6, df=2, p=0.0001), with an
overall rate of correct classification of 92.8% and a
positive predictive value of 36.9%. The positive pre-
dictive value was calculated by using the sensitivity
and validated specificity values, assuming a prevalence
rate of 1% for schizophrenia.

The predictive model was further refined by using
conditional logistic regression, which found that the
strongest predictors of future schizophrenia were poor
social functioning (Wald χ2=69.2, df=1, p=0.0001;
odds ratio=2.9, 95% CI=2.22–3.94), poor organiza-
tional ability (Wald χ2=42.7, df=1, p=0.0001; odds ra-
tio=1.4, 95% CI=1.09–1.81), and low intellectual func-
tioning (scaled) (Wald χ2=7.5, df=1, p=0.006; odds
ratio=1.5, 95% CI=1.30–1.83). With a cutoff point of
0.5, the model had an overall rate of correct classifica-
tion of 87.5% (sensitivity=75.0%, validated specific-
ity=99.7%, model χ2=117.1, df=3, p=0.0001) and a
positive predictive value of 71.6%. The positive predic-
tive value was calculated by using the sensitivity and
validated specificity values, assuming a prevalence rate
of 1% for schizophrenia. The independent contribution
of each predictor variable is presented in table 3.

To further test the model, the study population was
randomly divided into two halves, and the same logis-
tic regression procedure was conducted on each half.
The resultant regression coefficients were used to clas-
sify the other half of the group and vice versa (43).
Both models identified social functioning, organiza-
tional ability, and intellectual functioning as the vari-

ables best predictive of future schizophrenia. The sen-
sitivities ranged from 74.2% to 75.9%, and specificity
was not affected.

Moreover, the model was applied to the entire
healthy population, after excluding individuals diag-
nosed by the draft board preinduction assessment as
suffering from a psychiatric illness, subsyndromal psy-
chiatric manifestations, severely abnormal behavior, or
mental retardation. This procedure yielded a sensitivity
of 74.7%, a specificity of 99.7%, a correct classifica-
tion of 99.6%, and a positive predictive value of 42.7%
(calculated according to the cohort prevalence values).

To test for linearity of the relationship between risk
for schizophrenia and test scores, an additional vari-
able was added to the model aimed at assessing depar-
ture from linearity (40). The results indicated that
there is a linear relationship between risk of schizo-
phrenia and intellectual functioning (i.e., no significant
departure from linearity, Wald χ2=2.6, df=1, p=0.11)
but no linear relationship between risk of schizophre-
nia and behavioral variables (social functioning: Wald
χ2=25.4, df=1, p=0.0001; organizational ability: Wald
χ2=19.7, df=1, p=0.0001).

To distinguish whether the prediction model identi-
fies future occurrence of schizophrenia in apparently
healthy individuals or in individuals already experienc-
ing prodromal symptoms, the data were reanalyzed as
a function of the time that elapsed between the draft

TABLE 2. Behavioral and Intellectual Ratings of 16–17-Year-Old Israeli Boys Who Were (N=509) or Were Not (9,215) Later Hospi-
talized for Schizophrenia

Measure

Percent of Group With Each Rating Analysis

1 2 3 4 5 6 7 8 9 χ2 df p

Behavioral trait (1=lowest, 5=highest)
Social functioning 214.7 4 0.0001

Patients 8.3 35.1 46.6 9.6 0.4
Comparison subjects 0.8 6.2 85.6 7.4 0.0

Organizational ability 96.0 4 0.0001
Patients 11.6 16.6 59.3 11.0 1.5
Comparison subjects 0.8 13.4 81.0 4.8 0.0

Interest in physical activity 78.5 4 0.0001
Patients 17.2 25.0 44.3 12.3 1.2
Comparison subjects 2.6 22.8 66.0 7.6 1.0

Individual autonomy 173.8 4 0.0001
Patients 3.3 22.2 54.7 16.0 3.8
Comparison subjects 0.4 2.2 87.2 9.6 0.6

Intellectual functioning (1=lowest, 9=highest) 79.3 8 0.0001
Patients 0.2 0.8 0.8 24.2 32.6 24.4 11.2 2.9 2.9
Comparison subjects 0.0 0.0 0.0 8.3 37.5 34.4 18.1 1.2 0.5

TABLE 3. Independent Contributions of Strongest Behavioral
and Intellectual Predictors of Later Hospitalization for Schizo-
phrenia Among 16–17-Year-Old Israeli Boys (N=9,724)

Baseline Trait
Odds 
Ratio 95% CI

Percent 
Sensi-
tivity

Percent
Validated

Specificitya

Social functioning 4.37 3.39–5.75 48.1 88
Organizational ability 2.03 1.66–2.49 30.0 88
Intellectual functioningb 1.62 1.39–1.72 53.9 53
a Specificity of model tested on the entire population.
b For the purposes of analysis, this was converted into nine cate-

gories.
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board testing and the first hospitalization. If the model
was identifying prodromal or mildly symptomatic in-
dividuals, the model’s predictive ability should differ as
a function of time elapsing between testing and hospi-
talization (i.e., the model’s predictive ability should be
better for patients hospitalized closer to the time of
testing). To assess this assumption, the group was di-
vided into two on the basis of the median time differ-
ence between testing and first hospitalization. The two
groups were therefore composed of patients hospital-
ized 1 to 4 years after testing and patients hospitalized
4 to 10 years after testing. A conditional logistic re-
gression was conducted on each of the groups. There
was only a 5% difference in sensitivity between the
groups and no difference in specificity, indicating that
the model has a similar predictive ability regardless of
the time lag between testing and first hospitalization.
These results, which suggest no difference between the
groups, were further confirmed by comparing the
means of the two groups on the predictor variables by
using independent group t tests, which revealed no sig-
nificant differences.

DISCUSSION

Main Findings

Results of this study strongly suggest that scores
measuring social functioning, organizational ability,
and intellectual functioning can be used to predict fu-
ture hospitalization for schizophrenia in a population
of apparently healthy male adolescents. The study also
confirms and extends existing reports indicating that
as a group, individuals destined to develop schizophre-
nia manifest subtle behavioral and intellectual abnor-
malities before the symptoms essential to diagnose
schizophrenia become evident.

The model assessing risk for schizophrenia is based
on differences in test scores between individuals who
will develop schizophrenia in the future and their
healthy schoolmates. The model is sensitive, specific,
and appropriate for use with population-based groups,
since it takes into account the prevalence of schizo-
phrenia in the general population. Social functioning
and intellectual performance scores reported here to
predict risk for schizophrenia were also reported to
predict risk for schizophrenia in other population-
based studies (19, 20) and in case-control studies (17).

Schizophrenia did not occur exclusively within the
population with the poorest intellectual performance,
nor did it spare those who performed very well.
Rather, a linear association was revealed between
greater risk for schizophrenia and poor cognitive per-
formance. These results indicate that risk for schizo-
phrenia is a function of intellectual performance over
the entire range of cognitive scores in the population
and that intellectual impairment does not necessarily
define a subgroup of individuals with schizophrenia
(17, 19).

Poor performance of patients, relative to nonpa-
tients, was also evident in variables assessing behav-
ior. Poor social adjustment, characterized by few and
tenuous social relationships, was the most powerful
variable characterizing patients. Additional predic-
tive behavioral attributes were the ability to function
independently in everyday life, precise timing and or-
ganizational ability, and participation in physical ac-
tivities, which were also lower in patients. These re-
sults support existing data indicating relatively poor
premorbid behavioral and personality adjustment
among those destined to be diagnosed with schizo-
phrenia, especially manifested in impaired social rela-
tionships (16, 17).

Limitations of the Study

Since this is a case registry study in which the diag-
nosis was made by the treating physician on the basis
of signs, symptoms, and history and not a research di-
agnosis, concerns regarding the validity and reliability
of the diagnoses are pertinent (44). However, the wide
acceptance of the DSM-III, DSM-IV, and ICD-9 crite-
ria since the 1980s addresses this concern. A study ex-
amining the accuracy of the diagnosis of affective dis-
orders and schizophrenia in public hospitals found
convincing evidence that the tendency to overdiagnose
schizophrenia has diminished and the agreement be-
tween chart diagnosis and research diagnosis is very
good (45). This report does not address the specificity
of the predictive model in terms of psychiatric diagno-
sis. Patients suffering from nonschizophrenic psychosis
or from affective disorders also manifest psychological
and behavioral antecedents that, as a group, distin-
guish them from normal comparison subjects (19, 46).
In a preliminary analysis of our data, patients who
later developed affective disorder and schizoaffective
disorder obtained scores that were intermediate be-
tween scores of nonpatients and patients with schizo-
phrenia on most, but not all, behavioral and intellec-
tual variables.

The results are limited to male adolescents, since the
draft board administers behavioral tests only to male
adolescents (female adolescents only undergo cognitive
assessment). Since male patients are more likely than
female patients to be hospitalized for schizophrenia
(47), and since male patients may suffer from a more
severe form of illness (48), the more severely ill pa-
tients might be overrepresented in this study.

Despite the fact that this study is based on an entire
country’s population of adolescents and on a national
psychiatric registry, it is still possible that some patients
have been missed. Although the overwhelming majority
of individuals who receive a diagnosis of schizophrenia
in the course of their lives will be hospitalized at their
first psychotic episode or shortly thereafter (49), some
individuals who suffer from schizophrenia are never
hospitalized and others are hospitalized later in life.
Hence, most, but not all, individuals affected by schizo-
phrenia are included in the National Psychiatric Hospi-
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talization Case Registry. Nevertheless, the calculated
risk for schizophrenia by age 26 in the registry was
0.52%, which is close to the predicted risk of 0.61% by
age 40 (16, 17) and compatible with the incidence of
schizophrenia in other studies (38). Hence, our study
population probably includes a good representation of
lifelong incidence of schizophrenia. Nevertheless, it is
conceivable that the predictive model would differ in
less severely ill patients who never require hospitaliza-
tion. Also, because the follow-up period does not cover
the entire at-risk period for schizophrenia, some of the
nonpatients who are not different from patients in per-
formance might become patients later in life.

The draft board assessment is intended to assign re-
cruits to training according to general intelligence and
personality but not specifically to detect recruits who
will manifest schizophrenia. Those who will eventually
develop the illness, as a group, perform slightly, but
not dramatically, worse than the entire population of
recruits. Hence, there is considerable overlap between
individual scores obtained by patients and the entire
population. Furthermore, since the base rate of schizo-
phrenia is less than 1%, for each abnormally low
score, there will be more nonpatients than patients, de-
spite the fact that the proportion of patients obtaining
the low score will also be larger than the proportion of
nonpatients obtaining the low score.

The predictive method presented here refers to the
specific tests used by the Israel Defense Forces Draft
Board; however, there is no reason to believe that the
model is confined to just this country or is dependent
on this test battery. The tests are administered in a
standardized fashion, are continuously validated, and
have available population norms (35). Parts of the
tests resemble the U.S. Army Alpha Instructions Test,
which is a well-known and extensively employed psy-
chometric tool. Similar models can be developed by
using standard psychological tests that assess behav-
ioral and intellectual variables (e.g., the Wechsler In-
telligence Scales, the Life Stressors and Social Re-
sources Inventory [50], and the NEO Personality
Inventory [51]), which are not dissimilar to the tests
used in this investigation.

It could also be argued that the tests and the model
identify individuals who are already ill but not yet hos-
pitalized or individuals in an active prodromal phase.
However, patients who were hospitalized before the as-
sessment by the draft board or within 1 year from the
date of assessment were not included in the analyses.
Moreover, it is important to point out that the draft
board assessment team maintains a low threshold for
diagnosis of mental illness or abnormal behavior. For
example, approximately one-third of the individuals
who eventually appeared in the National Psychiatric
Hospitalization Case Registry with a diagnosis of
schizophrenia were identified by the draft board and
excused from military service. Thus, despite this rigor-
ous assessment process, no mental illness or grossly ab-
normal behavior was detected in these 509 male adoles-
cents destined to develop schizophrenia and included as

patients in this analysis. The debate as to whether the
subtle behavioral and intellectual abnormalities present
in many, but not all, of the draftees destined to develop
schizophrenia but classified by the draft board assess-
ment as healthy individuals could be called prodromal
schizophrenia is not within the scope of this report. If,
indeed, schizophrenia is the most severe manifestation
of a group of hierarchical developmental disorders such
as learning and language disabilities, attention deficit
hyperactivity disorder, conduct disorder, and autism, or
if these disorders are common comorbid conditions
(52), it may be impossible to draw a clear line between
comorbid conditions, early antecedents, premorbid ad-
justments, and prodromal stages of the disease.

Strengths of the Study

The main strength of this study was that it was a
population-based, case registry study with no apparent
delineating base population difficulties and the reiden-
tification of individuals across different data sets. The
use of such a cohort protects against selection and in-
formation biases (39) and enables analysis of a low-
prevalence disease with high statistical power.

Results of this study are consistent with most pub-
lished studies in terms of the magnitude of differences
in social and cognitive performance between patients
and nonpatients and in terms of odds ratios for indi-
vidual test items. However, the ability of the predictive
model to identify future schizophrenia patients seems
to be higher. Unlike studies that use either cognitive
(19) or behavioral (20) parameters to identify future
schizophrenia patients, this study used both cognitive
and behavioral measures. Since, for some patients,
cognitive impairment might be the predominant ab-
normality in the context of almost normal social be-
havior and vice versa for others, the use of both pa-
rameters might improve sensitivity.

Using the logistic regression model presented here
yields the best-fitted model reflecting risk for schizo-
phrenia, but there are even simpler ways to predict risk
for schizophrenia. For example, individuals in our
study population whose scores were 1 standard devia-
tion below the norm on social functioning, 0.5 stan-
dard deviation below the norm on intellectual func-
tioning, and below the norm to any extent on at least
one additional personality or behavioral measure had
at least an 80% chance of developing schizophrenia.
Using this rule of thumb yields a model with a 30%
sensitivity and a 99.8% validated specificity.

Comment

The results reported here are consistent with the de-
velopmental hypothesis of schizophrenia. The early de-
velopmental hypothesis (53, 54) suggests that an infra-
natal event determines cortical pathology, which alone
or in combination with genetic (55) and environmental
(56) factors, manifests as schizophrenia. According to
this hypothesis, in the course of normal brain matura-
tion, an unfolding multistage pattern leads from early,
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clinically indiscernible manifestation such as the be-
havioral and intellectual abnormalities reported here
to psychotic symptoms. A corollary hypothesis sug-
gests that early brain pathology manifested as subtle
behavioral and intellectual abnormalities acts as a risk
factor rather than a sufficient factor, which, in combi-
nation with other risk factors or in the absence of pro-
tective factors, may or may not manifest as schizophre-
nia (52). The late neurodevelopmental formulation
(57) suggests that excessive or insufficient synaptic
elimination during adolescence is the main event re-
sponsible for schizophrenic manifestation, implying
that the earlier childhood abnormalities are nonspe-
cific risk factors. This formulation may explain why
behavioral and intellectual markers collected in 16-
and 17-year-olds, as in the study reported here, are
much more specific and sensitive than markers col-
lected in younger individuals (16, 17).

Easily applicable, reliable, and specific markers to
predict schizophrenia, along with the availability of
safer and better-tolerated antipsychotic drugs, may im-
prove the risk-to-benefit ratio of early intervention
and, it is hoped, the outcome of the illness (32, 58–62).
However, before any prevention recommendations can
be implemented, it is essential to consider the potential
limitations and pitfalls of predicting schizophrenia on
the basis of behavioral and intellectual assessments but
in the absence of reliable biological markers. This di-
lemma must be addressed by using a true prospective
design. This future study will follow up on individuals
identified by the prediction equation as being at high
risk for schizophrenia and an age-, gender-, and
school-matched comparison group identified by the
equations as being at low risk for schizophrenia. These
individuals will receive a comprehensive neuropsycho-
logical and behavioral assessment and will be followed
prospectively. This design will enable prospective test-
ing of the sensitivity and specificity of the prediction
model and its utility for standard clinical practice and
will yield detailed, disease-specific neuropsychological
and behavioral data characterizing future patients. Al-
though the proposed study lacks a biological marker,
its results will aid in the differential diagnosis of ado-
lescents with behavioral or intellectual abnormalities
for whom future schizophrenia is a part of the differen-
tial diagnosis.
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