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School Performance as a Premorbid Marker for
Schizophrenia: A Twin Study

by Clarine J. van Oel, Margriet M. Sitskoom, Marty P.M. Cremer, and Rene S. Kahn

Abstract

Evidence is accumulating that developmental abnor-
malities, poor neuromotor function, and increased
problem behavior precede the manifestation of schizo-
phrenia itself. Information on school performance and
behavioral development was obtained for 49 pairs of
twins in which at least one twin suffered from schizo-
phrenia (20 monozygotic [MZ], 29 dizygotic [DZ]) and
for 43 pairs of healthy control twins (25 MZ, 18 DZ).
Cox regression was used to analyze the contribution of
schizophrenia, zygosity, sex, and year of birth to the
age at which developmental divergence occurred. In
both MZ and DZ twin pairs with schizophrenia, diver-
gence in school performance occurred about 7.5 years
earlier than it did in control twins, at 12 years of age,
preceding the onset of psychosis by 10 years. This sug-
gests that the first prodromal signs of schizophrenia
manifest themselves as cognitive symptoms at the
onset of puberty. Underperformance at school might
therefore be considered one of the first signs of an until
then latent vulnerability for schizophrenia.

Keywords: Twins, discordance, developmental
divergence, school performance, premorbid marker.
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Although the genetic susceptibility to develop schizophre-
nia is present from conception, the manifestation of overt
psychosis generally occurs only during young adulthood.
There is, however, accumulating evidence that develop-
mental abnormalities, poor neuromotor function, and
increased problem behavior precede the manifestation of
schizophrenia itself. Although initial studies (Fish et al.
1992) were hampered by relying on patient or parental
recall, results are now available from prospective studies
or studies using archival data. For instance, using child-
hood home movies, Walker et al. (1994) found evidence
for neuromotor abnormalities in preschizophrenia chil-
dren, including signs of dyskinesia in infancy. Cannon et

al. (1999), in a population-based longitudinal study using
elementary school records, also found evidence that a
motor coordination deficit in children aged 7 to 11 years
was a risk factor for schizophrenia. They did not find that
children who later developed schizophrenia had poor aca-
demic performance in elementary school. Done et al.
(1994) and Jones et al. (1994), in a prospective cohort
study, reported that teachers rated preschizophrenia chil-
dren aged 7 (males) or 11 (females) years as manifesting
more social maladjustment and at 15 years of age as being
more anxious than children who did not develop schizo-
phrenia. Furthermore, in a prospective high-risk study,
teacher ratings of social and behavioral impairments have
been shown to be good predictors of adult mental health
problems (Olin et al. 1998).

The study of twins of whom at least one has devel-
oped schizophrenia may further clarify the possible neu-
rodevelopmental nature of schizophrenia. Twins share
similar prenatal environments and a considerable part of
the postnatal environment. Therefore, as far as teacher rat-
ings of social and behavioral impairments might be biased
as a result of prior knowledge of their family background,
both twins are likely to be subjected to this bias. The use
of archival data, such as school performance and medical
reports, would minimize recall bias. So far, only one study
assessed neurological and behavioral development in
twins with schizophrenia. Using an extensive question-
naire, Torrey et al. (1994) interviewed the parents of 23
MZ twin pairs discordant for schizophrenia to evaluate
their developmental histories. They did not include a
group of healthy MZ control twins. The main findings
were that a subgroup of the twins had divergent neurologi-
cal and behavioral development before 6 years of age, that
there was no divergent development between 6 and 12
years of age, and that most twins had divergent develop-
ment after 12 years of age. The group that showed devel-
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opmental divergence at an early age differed significantly
from the others in having higher physical anomaly scores
and lower total finger ridge counts, two markers of envi-
ronmental disturbances early in pregnancy. These twins
also differed from the other twins by having low birth
weight, serious perinatal complications, or both.

Obviously, this divergence in neurological or cognitive
development can also be expected in healthy twins. School
performance may be an unbiased measure of developmen-
tal divergence in twins, at least in the Dutch school system.
In the Netherlands, primary, secondary, and nearly all ter-
tiary education is provided by state schools. From 6 until
12 years of age, everyone receives the same primary educa-
tion. Thereafter, depending on the final level of school per-
formance, a child follows one of four levels of secondary
education. Finally, there are three levels of tertiary educa-
tion possible for children who pass the exams at secondary
level. Unlike in many countries, in the Netherlands it is
quite common for children to repeat a grade if they do not
meet the final standards for that year (7% per year in sec-
ondary education). There is continual assessment through-
out the school year, and the final decision to repeat a year is
based on this assessment. In the Netherlands, children
might be tutored by their parents or siblings, but (remedial)
teaching by professionals is provided on behalf of the state
and is generally available. Special education is offered at
both primary and secondary levels of education. The chil-
dren who receive special education do so because of atten-
tion deficits, learning disabilities, and behavioral or pedi-
atric problems, and they attend schools that specialize in
either learning disabilities or pediatric problems. Teaching
occurs on an individual basis rattier than in groups. This
kind of special education should not be confused with the
special education provided for children with visual handi-
caps, hearing handicaps, or both (Anonymous 1997).

This study was designed to address the following
questions. First, do both MZ and DZ twin pairs of whom
at least one is affected by schizophrenia show divergent
development at an earlier age than do MZ and DZ healthy
control twin pairs? Second, in affected twin pairs, is there
a relationship between the age of developmental diver-
gence and a family history of schizophrenia? Develop-
mental divergence was defined to occur when one twin
repeated a class, when one twin was taken into special
education, or when both twins entered secondary or ter-
tiary education at a different level, normally at approxi-
mately 12 and 18 years of age, respectively.

Methods
Subjects. The twins were taking part in an ongoing twin
and family study that started in 1994. Affected twins were
recruited by advertisements in national newspapers and in

collaboration with psychiatric services. Healthy control
twin pairs were recruited by advertisements in similar
national newspapers and additionally in regional newspa-
pers. A total of 52 affected twin families responded to the
advertisements and received information about the study.
Of these families, 32 participated in the study. One twin
pair was recruited via a general practitioner. Psychiatric
services identified 77 twins among their patients. Of these
twins, 5 twins were already known, 2 pairs had already
participated in the study, and the other 3 pairs participated
afterward. Of the remaining twins, 36 indicated that they
were willing to participate. These twins were visited to
obtain a summary of their psychiatric history if they were
identified regardless of their diagnosis. In case of a known
diagnosis of schizophrenia or schizoaffective disorder
with mainly psychotic symptoms, twins were directly
included in the study. Presently, the collaboration with
psychiatric services resulted in a total of 27 twin families
that were included in the study. In response to advertise-
ments for healthy controls, 105 twins indicated that they
were interested and were asked about the presence of psy-
chiatric problems in themselves and their family. This left
a total of 93 twins that could be included in the study if
they additionally matched on zygosity, sex, and age with
affected twin pairs. Of these 93 twin pairs, 6 pairs refused
to participate at a later stage—because the research proto-
col took too much time (1 pair), because they were anx-
ious about having a magnetic resonance imaging scan (1
pair), or for unknown/other reasons (4 pairs). No further
information is available on the twins that did not take
part, particularly those who asked for information on the
nature of the study but later declined to participate, and
this may be a source of bias.

So far, 112 twins from 60 affected families have been
included in the study and have undergone extensive psy-
chiatric assessment (see Diagnostic Procedure section). In
50 pairs of twins, at least one twin has been diagnosed as
suffering from schizophrenia or schizoaffective disorder,
schizophrenia subtype. In one DZ discordant twin pair, the
affected twin met criteria for bipolar disease, and this twin
pair was excluded from further analyses. The affected twin
of another discordant DZ twin pair had given his informed
consent but developed lung cancer (ICD-10: C34.9) and
died. The co-twins of eight twins did not participate in the
study: four co-twins refused, one died, and the other three
co-twins may participate at a later date. Three control
twins pairs were excluded from the study because of alco-
hol abuse (one MZ twin pair), major depression (one MZ
twin pair), and schizoid personality disorder (one DZ twin
pair). All participants gave their written informed consent
after full explanation of the study aims and procedures.

Except for 1 control DZ twin pair and 1 DZ pair con-
cordant for schizophrenia, complete information on cogni-
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tive and behavioral development was obtained for all other
49 twin pairs (20 MZ, 29 DZ) of whom at least one twin
suffered from schizophrenia, and for the 43 healthy con-
trol twins pairs (25 MZ, 18 DZ). Of these twins, 7 twin
pairs (6 MZ, 1 DZ) were concordant for schizophrenia. It
has been suggested that illness in MZ twins concordant for
schizophrenia is etiologically different from illness in MZ
twins discordant for schizophrenia (Rosenthal 1959).
Because this study also intended to investigate a possible
relationship between the age of developmental divergence
and a family history of schizophrenia, the concordant
twins were included in the study. Furthermore, exclusion
of concordant twins might create a more selected sample
of MZ than DZ twins.

Conditions such as birth trauma, head injury, and
physical illness might influence developmental diver-
gence. Because birth trauma is said to increase the risk of
schizophrenia (Geddes et al. 1999), we did not exclude
twins with a history of birth trauma. Except for one control
twin pair, none of the twins mentioned severe educational
problems resulting from personal circumstances that
involved only one of the twins, other than mental health
problems or learning problems. In one MZ control twin
pair, one of the twins was placed in an institution because
of relational problems at home. However, this happened
several years after developmental divergence of the twins,
and therefore these twins were not excluded from the
analysis. One co-twin of a DZ twin discordant for schizo-
phrenia suffered from mild epilepsy since the age of 7, but
this did not affect school performance, and so this twin
pair was not excluded from the analysis. Neither major
physical illness nor significant head trauma that affects
developmental divergence has been reported in any of the
twins included in this study. Substance misuse or sub-
stance abuse was mentioned by 14 of the twins with schiz-
ophrenia but occurred only after developmental diver-
gence.

Diagnostic Procedure. Each subject underwent exten-
sive psychiatric assessment procedures, including the fol-
lowing semistructured interviews: Comprehensive
Assessments of Symptoms and History (Andreasen et al.
1992), the Schedule for Affective Disorders and
Schizophrenia-Lifetime version (Endicott and Spitzer
1978), the Structured Interview for DSM-III-R
Personality (Pfohl 1989) and the Structured Interview for
DSM-IV Personality (Pfohl et al. 1995), and the Family
Interview for Genetic Studies (FIGS; Nurnberger et al.
1994). In addition to the personal interviews, informant
interviews were conducted with someone proposed by the
subject, mostly one of the subject's first degree relatives,
or the subject's partner; occasionally with a close friend
or the subject's psychiatric case manager. If permission

was received, informant interviews were conducted for all
subjects with psychotic symptoms or with a doubtful
diagnosis. Twins of a pair were not interviewed by the
same interviewer. Diagnostic interviews were conducted
by interviewers who had a degree in psychology and were
blind to twin or diagnostic status. They initially received
extensive training, then participated in additional training
sessions. Information from the personal interview, the
interview with a significant other, and medical records
was put together in a case report. Diagnosis was decided
based upon this narrative by a senior psychiatrist (R.K.)
who was blinded for twin and group status. The psychi-
atric diagnosis (table 1) was established according to
DSM-IV criteria (APA 1994). Subjects fulfilling criteria
for schizoaffective disorder (295.70) also met the
Research Diagnostic Criteria for schizoaffective disorder,
schizophrenia subtype. Healthy control twins had no
known first degree relatives with a diagnosis on Axis I,
had no history of psychotic disorder in their second
degree relatives, and did not meet criteria for a diagnosis
on Axis I or Axis II.

Age of disease onset was defined as the age when the
individual first sought professional help or was hospital-
ized because of symptoms of schizophrenia, thereby ful-
filling one of the diagnostic criteria for schizophrenia,
according to DSM—IV. If a person never saw a profes-
sional, the age at which the first symptoms of schizophre-
nia occurred was considered to be the age of onset (one
subject).

Family History. Family history was recorded from three
different sources. Apart from the twins, we also inter-
viewed as many first degree relatives as possible. Initially,
information on family history was obtained in a nonstruc-
tured way during the individual interviews. Thereafter, the
FIGS was used. For 41 percent (20/49) of the families
affected by schizophrenia and for all control twins, infor-
mation was collected using the FIGS. Finally, the medical
records of all participants were checked for any references
concerning a positive family history of psychiatric dis-
eases. There were 15 twins with a history of schizophre-
nia or cluster A personality disorders (schizotypal,
schizoid, and paranoid) in first degree relatives, 3 twins
with schizophrenia/cluster A personality disorders in sec-
ond degree relatives, and 2 twins with schizophrenia/clus-
ter A personality disorders in third degree relatives. A total
of 29 twins reported a positive family history for schizo-
phrenia in the fourth degree or no positive family history
for schizophrenia at all.

Unfortunately, the FIGS was used to collect informa-
tion on family history in only part of the affected families,
and this might affect the validity of the measurement of
family history status. This would be particularly true for
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Table 1. Psychiatric diagnosis of both the proband and the co-twin of the affected twin pairs (n = 49),
age of disease onset (years), and first psychotic symptoms for all twins with schizophrenia (n = 56).

Proband Co-twin Schizophrenia patients

Diagnosis MZ twins

Diagnosis DZ twins

Disease onset

First psychotic symptoms

Schizophrenia

Disorganized

Catatonic

Paranoid

Residual

Undifferentiated

Schizoaffective disorder

Depressive disorder

Anxiety disorder

Conduct disorder

Paranoid PD

Schizotypal PD

Schizoid PD

Alcohol abuse

Amphetamine abuse

Cannabis abuse

Schizophrenia

Disorganized

Paranoid

Residual

Undifferentiated

Schizoaffective disorder

Depressive disorder

Anxiety disorder

Somatoform disorder

Paranoid PD

Schizoid PD

Borderline PD

Avoidant PD

Alcohol abuse

Amphetamine abuse

Polysubstance dependence

Cannabis abuse

Other substance abuse

Mean (SD)

95% Cl

n

Mean (SD)

95% Cl

n

5

2

8

2

3

3

1

3

6

10

4

8

1

2

1

1

3

2

2

1

1

4

1

1

1

1

1

2

<

1

1

1

1

1

1

1

1

22.1 (5.6)

20.6-23.7

561

20.4 (5.8)

18.9-22.1

561

Note.—Cl = confidence interval; DZ = dizygotic; MZ = monozygotic; PD = personality disorder; SD = standard deviation.
11ncluding the 6 MZ co-twins with schizophrenia/schizoaffective disorder, and the 1 DZ co-twin with schizophrenia.
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the presence or absence of a family history in other than
first degree relatives, because in 40 of the 49 families at
least one other first degree relative participated in the
study besides the twins. Therefore, we dichotomized fam-
ily history status as presence or absence of a positive fam-
ily history in first degree relatives. Of the 15 twins with a
positive family history in first degree relatives, 9 twins had
another first degree relative that participated in the study
and was diagnosed as suffering from schizophrenia or a
schizophrenia spectrum disorder. For the remaining 6 twin
families, the presence of a positive family history in the
first degree was mentioned by the twins or another first
degree relative that participated in the study, or mentioned
in the medical records, or both.

Zygosity. DNA was extracted from 20 milliliters of blood
by standard procedures. Zygosity was determined by
DNA fingerprinting, using 8-11 high polymorphic mark-
ers.

Developmental Divergence. To determine the age of
developmental divergence, information was collected
on the school history (educational level, grade repeti-
tion, diplomas, academic performance, years spent at
school, attendance, and, if applicable, kind of special
education). When possible, we obtained copies of diplo-
mas and school records. Because all Dutch children
begin school at the age of 6 years, both educational
level and grade repetition can be checked with the age
at which school was finished. Furthermore, the school
history was confirmed with available information from
the psychiatric interviews, which included a biography.
Finally, the information was checked with biographic
information from the medical records. Information on
deviant behavioral development was obtained from the
psychiatric interviews and the medical records, and
occasionally from the child welfare center records. Of
the twins (12 affected twins, 6 control twins) that
received special education, only one twin did so
because of conduct problems; all others received special
education because of learning disabilities.

We determined the age of developmental divergence
using the following criteria:

• persistent and severe developmental retardation as
mentioned in medical records, school records, or
both for only one of the twins

• change to special education for one of the twins
• school attendance at different educational levels for

the twins
• repetition of a grade by one twin while the co-twin

moves up a grade
• referral to general practitioner or psychiatrist for

mental health problems also associated with signifi-

cant impaired functioning at school or at work near
the time of referral (e.g., acute onset of psychosis or
depression)

Age of developmental divergence was rated as soon
as any one of these criteria was met. Only the earliest age
of developmental divergence was considered, and devel-
opmental divergence could not be lost at a later date if the
second twin, for example, was similarly held back. Except
for the first criterion, every criterion applied to all ages. If
the first criterion was met, divergence occurred up to 6
years of age, because persistent and severe developmental
divergence will be finally recognized during the first year
of obligatory elementary education, at the age of 6.

Statistical Analyses. Statistical analyses were performed
with SPSS V6.1 for Windows. Age of divergence in con-
cordant MZ twin pairs was compared with that of discor-
dant MZ twin pairs, using the nonparametric Mann-
Whitney test.

The Cox proportional hazards regression model was
used to evaluate the effect of several covariates on age of
divergence (Clayton and Hills 1993). The final model was
constructed using forward stepwise selection of covari-
ates. The Wald %2 was used to test the significance of the
covariates. In eight control twins, developmental diver-
gence had not occurred at the time they participated in the
study, and these observations were included as right-cen-
sored observations, because divergence might have
occurred afterward. Group (affected vs. control twins),
zygosity (MZ, DZ), sex, and year of birth were included as
covariates. The latter was considered as a possible covari-
ate because the twins were born between 1921 and 1978
and the educational level in the general population is
known to have increased over the past decades. Because
education standards were lower in the first half of the 20th
century, we expected that twins born earlier in the 20th
century would show developmental divergence at an older
age than did twins who were more recently born, and this
was therefore tested with a 1-tailed test. Finally, family
history status (positive or negative family history in first
degree relatives) was tested as a possible covariate.

In a second analysis, we excluded twin pairs in whom
divergence was due to the first appearance of mental
health problems, because the concurrent drop in school
performance might be related to the manifestation of the
illness rather than to the premorbid phase.

Pearson product moment correlations were computed
of the twin pair's age of divergence with the individual
twin's age of first symptoms, age of onset, and years of
education. To evaluate any differences in years of educa-
tion between the twins suffering from schizophrenia, the
nonschizophrenia co-twins, and the healthy control twins,
Bonferroni corrected t tests were used. Bonferroni cor-
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rected t tests were also used to test differences in age
between subgroups of twins.

The affected twin sample contained a much lower
ratio of DZ (29) to MZ (20) twins than would be expected
by chance. In Caucasian populations, the number of DZ
twins is about twice the number of MZ twins. The propor-
tion in the study might result from the fact that the affected
twin pairs were partially recruited by advertisement, to
which MZ twins are known to respond more frequently
than DZ twins. To evaluate whether the whole sample of
affected twin pairs might be considered a representative
sample, concordance rates were estimated. There were 6
concordant MZ twin pairs (one twin pair became concor-
dant 3.5 years after participation in the study) and 2 con-
cordant DZ twin pairs. Using the pairwise concordance
rate, this yields a concordance rate for the MZ twins and
the DZ twins of 6/20 = 30 percent and 1/29 = 3 percent,
respectively, which compares with other twin samples
(Torrey 1992)

Results
Characteristics. Table 2 summarizes some characteristics
of both the affected and the control groups. Both groups did
not significantly differ on father's socioeconomic status or

parental educational level. Affected twin pairs were on aver-
age 36.0 (range = 18.5-74.2) years of age, which was not
different from the mean age of 37.5 (range = 19.1-73.2)
years of control twins. The twins suffering from schizophre-
nia attained a significantly (F = 13.3, df= 2,182, p < 0.05)
lower educational level (mean years of education = 10.9,
95% confidence interval [CI] = 10.1-11.6) than both the
nonschizophrenia co-twins (mean years of education = 12.8,
95% CI = 12.0-13.7) and the control twins (mean years of
education = 13.1, 95% CI = 12.6-13.6). In the affected twin
group, 12 twins received special education, but this was not
significantly different from the number of twins in the con-
trol group (6 twins) (%2 = 1.69, df = 1, p = 0.19).
Subsequently, both affected and control twin pairs were
classified into three subgroups according to whether they
met the criterion of "early divergence" (i.e., persistent and
severe developmental retardation as mentioned in medical
records, school records, or both in only one of the twins; 9
affected, 1 control pair), "school performance" (one of the
twins being taken into special education not clearly related
to preexisting, persistent, and severe developmental retarda-
tion [as in the former group], or the twins attending schools
at different educational levels, or one twin repeating a grade
while the co-twin moved up a grade; 25 affected, 35 control
pairs), or "mental illness" (one twin being referred to gen-

Table 2. Descriptives for both twin groups

Affected twin pairs Control twin pairs

Zygosity and sex

Age (yrs)

SES father1

Educational level, father (yrs)

Educational level, mother (yrs)

MZ males

MZ females

DZ males

DZ females

DZ males/females

Mean (SD)

95% CI

n

Median (range)

Mean

95% CI

n

Mean (SD)

95% CI

n

Mean (SD)

95% CI

n

11

9

10

7

12

36.0(12.8)

32.3-39.7

49

2 (1-5)

2.4

2.0-2.8

48

11.3(3.3)

10.2-12.4

37

10.3(3.3)

9.2-11.4

39

17
8
7
7
4

37.5(14.1)
33.1^*1.8

43
2 (1-5)

2.4
2.0-2.8

43

10.8(2.9)
9.7-11.8

30
10.3(2.4)
9.4-11.2

29

Note.—CI = confidence interval; DZ = dizygotic; MZ = monozygotic; SD = standard deviation; SES = socioeconomic status.
1 SES was classified as (1) high executive, major professional; (2) administrative personnel, minor professional, owner small business; (3)
clerical, sales, technician, farmer; (4) skilled manual employee; or (5) unskilled manual employee.
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eral practitioner or psychiatrist for mental health problems
that were also associated with significant impaired function-
ing at school or at work near the time of referral [e.g., acute
onset of psychosis or depression], and no signs of early
divergence or divergence in school performance; 15 pairs).
Within the early divergence subgroup, the number of
affected twin pairs was significantly higher than the number
of control twins (%2 = 7.02, df= 1, p = 0.01). In all three
subgroups, the twins with schizophrenia did not differ in
years of education, but affected twins in the mental illness
group were significantly older (F = 9.9, df= 2,48, p < 0.05;
mean = 46.1 years, 95% CI = 38.6-53.6) than twins in the
school performance subgroup (mean = 30.2 years, 95% CI
= 26.6-33.7). The age difference was not statistically signif-
icant in the early divergence group (mean = 35.6 years,
95% CI = 26.1-45.0), using a Bonferroni correction (table
3). The mean age of onset of schizophrenia was 22.14 years
(standard deviation [SD] = 5.6—table 1). There were no

significant differences in the age of onset of schizophrenia
between the three subgroups. In twins discordant for schizo-
phrenia, the mean length of discordance for schizophrenia
was 14.9 (SD = 12.9,95% CI = 10.9-18.9) years at entrance
into the study. At the time of participation, seven twin pairs
(three DZ and four MZ) were less than 4 years discordant
for schizophrenia. Since then, however, several years have
passed, and presently only two DZ twin pairs are less than 4
years discordant for schizophrenia.

Age of developmental divergence in concordant
versus discordant MZ twins. On average, concordant
MZ twin pairs developmentally diverged at 13.5 years of
age (95% CI = 8.0-19.0), slightly earlier than discordant
MZ twin pairs (mean = 16.9, 95% CI = 13.6-20.2—figure
1 and table 4). This difference was not significant (Mann-
Whitney U = 27.5, z = -1.20, p = 0.25). Therefore, both
concordant and discordant twin pairs were combined in
the Cox regression analyses. There were only a few con-

Table 3. Descriptives for affected twin pairs of the three subgroups

Age (yrs) Education (yrs) Divergence (yrs)

Early divergence

School performance

Mental illness

Mean (SD)
95% CI
n
Mean (SD)
95% CI
n
Mean (SD)
95% CI
n

35.6 (12.2)
26.1-45.0

9
30.2 (8.6)
26.6-33.7

25
46.1 (13.5)2

38.6-53.6
15

9.5 (2.7)1

7.2-11.8
8

11.0 (2.7)1

9.8-12.1
25

11.3 (3.3)1

9.5-13.1
15

4.8 (2.0)
3.2-6.4

9
14.2(2.9)
13.0-15.4

25
18.4(4.6)
15.6-20.9

15

Note.—CI = confidence interval; SD = standard deviation.
1 Twins with schizophrenia.
2 Vs. twins in the school performance subgroup; p < 0.05.

Figure 1. Age of developmental divergence in discordant (n = 38) and concordant (n = 5) twin pairs
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cordant twin pairs, and their number may well be too small
to detect a true difference in age of developmental diver-
gence between the two groups.

The influence of zygosity on age of developmental
divergence. Applying the Cox proportional hazards
regression model to the data using family history status,
group, zygosity, sex, and year of birth as covariates
yielded the results displayed in table 5. Zygosity signifi-
cantly explained differences in age of developmental
divergence (%2 = 7.94, df= 1, p < 0.01). When the twin

Table 4. Age of developmental divergence (yrs)

pairs in whom divergence was directly related to the first
signs of mental illness were excluded from the analyses,
the results did not change (%2 = 6.74, df= l,p< 0.01). On
average, DZ twin pairs showed developmental divergence
at an earlier age than did MZ twin pairs (table 4). There-
fore, in the further analyses the data were stratified by
zygosity.

The influence of family history on age of develop-
mental divergence. Among affected twin pairs, family
history status was not significantly associated with a dif-

Affected twin pairs

Concordant twins

Discordant twins

Divergence (yrs)—mental health
subgroup excluded

Control twin pairs

Mean (SD)
95% Cl
n
Mean (SD)
95% Cl
n
Mean (SD)
95% Cl
n
Mean (SD)
95% Cl
n
Mean (SD)
95% Cl
n

MZ + DZ twins

13.8(5.7)
12.1-15.4

49

11.7(5.0)
10.0-13.5

34
19.2(11.9)
15.6-22.9

43

MZ twins

15.9(5.7)
13.3-18.5

18
13.5(5.2)
8.0-19.0

6
16.9(5.7)
13.6-20.2

14

21.1 (12.9)
15.8-26.4

25

DZ twins

12.3(5.4)
10.2-14.3

29

16.6(10.1)
11.5-21.6

20

Note.—Cl = confidence interval; DZ = dizygotic; MZ = monozygotic; SD = standard deviation.

Table 5. Results from Cox regression: Results of the univariate analyses and the full model for both
the whole sample and the sample excluding affected twin pairs in whom divergence resulted from
mental health problems

Model

Whole sample, univariate

MZ

Sex (only same sex twins)

Birth year

Family history

Group

Whole sample, stratified by MZ

Overall

Group

Birth year

Stratified by MZ, mental illness excluded

Overall

Group

X2

7.94

0.18

1.32

0.54

7.17

9.02

6.21

3.08

10.32

9.92

p value1

0.00

0.67

0.25

0.46

0.01

0.012

0.01

0.08

0.00

0.00

exp (p)

0.73

0.95

1.01

0.80

1.36

1.34

1.02

1.54

95% Cl

0.59-0.91
0.75-1.21
0.99-1.03
0.43-1.47
1.08-1.69

1.06-1.68
1.00-1.03

1.18-2.00

Note.—Cl = confidence interval; MZ = monozygotic.

2d1=d1=2.
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ference in age of developmental divergence (positive/neg-
ative family history in first degree relatives of affected
twin pairs: %2 = 0.54, df= l,p = 0.46—table 5).

The influence of educational opportunities on age
of developmental divergence. In the final model, older
twin pairs diverged, as expected, at a later age than
younger twin pairs, and therefore the effect of year of birth
was considered significant (1-tailed: %2 = 2.82, df- 1, p <
0.05—table 5). However, this effect was mainly due to the
twin pairs in whom divergence was directly related to the
first signs of mental illness and who were significantly
older than affected twin pairs in the other two groups
(table 3). Year of birth was no longer significantly related
to age of developmental divergence after exclusion of
these twin pairs.

Age of developmental divergence in affected and
control twin pairs: The whole sample. Both MZ and DZ
affected twin pairs showed developmental divergence sig-

nificantly earlier than did MZ and DZ control twin pairs
(X2 = 5.99, df= 1, p < 0.05—table 5).

Age of developmental divergence in affected and
control twin pairs: Excluding twin pairs who
diverged because of mental illness. The difference in
age of developmental divergence between the affected
and control twin pairs remained significant after exclu-
sion of the twin pairs in whom divergence was related to
the occurrence of mental health problems (x2 = 10.32, df
= 1, p < 0.01—table 5). As can be seen in figures 2 and
3, both MZ and DZ affected twin pairs (MZ: mean age =
12.9 years [SD = 4.1]; DZ: mean age =11.2 years [SD =
5.3]) showed developmental divergence significantly
earlier than did MZ and DZ control twin pairs (MZ:
mean age = 21.1 years [SD = 12.9]; DZ: mean age =
16.6 years [SD = 10.1]—table 4). Inspection of the log
minus log function revealed no violation of the propor-
tional hazard assumption.

Figure 2. Age of developmental divergence in monozygotic twins (n = 35).The graph shows the
cumulative probability that the development of both twins of a pair coincides. As soon as divergence
occurs, the cumulative probability drops.

control pairs

discordant pairs

Age of divergence (yrs)

409



Schizophrenia Bulletin, Vol. 28, No. 3, 2002 C.J. van Oel et al.

Figure 3. Age of developmental divergence in dizygotic twins (n = 42). The graph shows the
cumulative probability that the development of both twins of a pair coincides. As soon as divergence
occurs, the cumulative probability drops.
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Age of developmental divergence within discor-
dant twin pairs (mental illness subgroup excluded). In
90 percent (27/30) of the discordant pairs in whom diver-
gence was first marked for reasons other than mental
health problems, the twin who underperformed was the
one who later developed schizophrenia (%2 = 19.2, df= 1,
p < 0.00), whereas in the remaining 3 discordant twin
pairs (10%), the nonaffected twin lagged behind the co-
twin. Two of them were DZ twin pairs, and the other was
an MZ twin pair. They were all discordant for schizophre-
nia for at least 10 years, so it seems unlikely that one of the
well twins will still develop schizophrenia.

In twins suffering from schizophrenia, the time between
age of developmental divergence and age of disease onset
was on average 10.2 years (SD = 7.5 years). Age of develop-
mental divergence did not significantly correlate with age of
first symptoms (r = -0.01, p = 0.96), age of onset (r = -0.15,
p = 0.35), and years of education (r = 0.24, p = 0.14).

Comment
This twin study addressed the issue whether and at what age
a divergence in neurological and cognitive development,
specifically school performance, occurred in twins of whom
at least one suffered from schizophrenia. Age of divergence
was measured in 49 affected MZ and DZ twin pairs and 43
healthy control MZ and DZ twins pairs. No significant dif-
ferences were found in the age of divergence between con-
cordant and discordant MZ twins. Therefore, both concor-
dant and discordant twins were included in the further
analyses. Developmental divergence occurred at a signifi-
cantly earlier age in DZ twins than in MZ twins, and the data
were therefore stratified by zygosity. In the final Cox regres-
sion model, the development of schizophrenia significantly
explained differences in age of developmental divergence.

Developmental divergence occurred on average 7.5
years earlier in affected twin pairs, (mean age =11.7
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years) than in control twin pairs (mean age = 19.2 years).
The earlier age of developmental divergence in the
affected twins could be mostly attributed to a subgroup
consisting of 51 percent (25/49) of the affected twin pairs.
In this subgroup, developmental divergence was due to
poor school performance and occurred on average 10
years before the onset of schizophrenia. In about 20 per-
cent of the affected twin pairs, developmental divergence
did not occur, and twins diverged at the first manifest
symptoms of mental illness. These twins were signifi-
cantly older than the other affected twin pairs. In a third
subgroup of about 20 percent (9/49) of the affected twin
pairs, developmental divergence occurred at a very early
age. These twins showed developmental divergence before
they started primary education or did not meet minimum
school standards and were taken into special education.
This very early developmental divergence occurred signif-
icantly more in affected twin pairs than in control twin
pairs. In this early divergence subgroup, age of onset of
schizophrenia was not different from that of patients in the
other two subgroups (at about age 22).

Our results suggest that, because a majority of
affected twins showed a difference in school performance
as compared to their co-twins at the time of secondary
education, the onset of the schizophrenia illness appears to
be associated with puberty rather than with the transition
to adulthood. Indeed, the disruption in functioning (i.e.,
underperformance at school) preceded the first overt
symptoms of schizophrenia by an average of 8 years.
Interestingly, in a retrospective study, using the Interview
for the Retrospective Assessment of the Onset of Schizo-
phrenia, Maurer and Hafner (1995) suggested that the first
negative or nonspecific signs of mental disorder precede
the first positive symptoms by an average of 5 years, at age
22.5. Our results, however, suggest that the actual process
that underlies schizophrenia may start much earlier. This
difference may be because we measured school perform-
ance, a rather objective measure of general cognitive func-
tioning (certainly in the Dutch school system), as opposed
to the retrospective assessment of the onset of schizophre-
nia used by Maurer and Hafner. Both the disruption in
school performance and the presence of a subgroup of
preschizophrenia twins who failed to meet minimum
school standards further suggest that a decline in cognitive
functioning or a failure to keep up with increasing cogni-
tive demands may be among the first overt signs of the ill-
ness. However, the disruption in school performance
might also result from other premorbid symptoms of
schizophrenia, such as poor social adjustment or negative
symptoms.

Our findings also suggest that it might be useful to
prospectively investigate the significance of a disruption
in school performance for the early recognition of schizo-

phrenia. Considering the presence of a subgroup of
preschizophrenia twins who failed to meet minimum
school standards, particularly learning-disabled children
may be considered as a group at a possibly increased risk
for schizophrenia. It seems unlikely that the disruption in
school performance might be better explained by conduct
problems, because only one twin who later developed
schizophrenia was referred to special education because of
severe behavioral problems instead of for learning diffi-
culties. Our findings further indicate that events preceding
and possibly eliciting overt psychosis may be fairly unre-
lated (at least in time) to the onset of the disease process,
as age of developmental divergence was not associated
with age of schizophrenia onset.

The presence of a subgroup of twins who show diver-
gent development before they begin primary education has
previously been mentioned by Torrey et al. (1994) in an
MZ twin study and by Neumann et al. (1995) in a sibling
study. Although Torrey et al. (1994) found some evidence
for a complicated pregnancy and birth history in these
children, it has been recently suggested that mild mental
retardation is common to schizophrenia patients with a
22qll deletion (Bassett et al. 1998). Typically, in the
Dutch school system, these children receive special educa-
tion, and it might well be that this deletion is particularly
prevalent in this subgroup. This possibility will require
further study. However, the subgroup of early diverging
twins might result from confounding factors that are
poorly controlled for within this study, like the home situa-
tion or physical illness.

Our finding that most preschizophrenia twins showed
impaired school performance is consistent with the results
of two population-based prospective studies. David et al.
(1997) found evidence that low intellectual ability was a
risk factor for schizophrenia and other psychoses. They
reported that a global impairment of intellect is a powerful
predictor of schizophrenia but that deficits in specific cog-
nitive skills may confer an additional risk. Jones et al.
(1994) reported that at ages 8, 11, and 15 years, preschizo-
phrenia children had lower educational test scores than
controls, although the risk of schizophrenia was not solely
associated with very low scores. Cannon et al. (1999), who
also used test scores, found no evidence of impaired per-
formance in preschizophrenia children aged 11. Neverthe-
less, despite their good academic grades, these children
were 50 percent less likely than controls to progress to
high school, which appears consistent with our findings.

In about 30 percent of the affected twins, no develop-
mental divergence was found. In these twins, in whom
development diverged only at the time their first symp-
toms of mental illness appeared, the absence of premor-
bidly impaired cognitive functioning might partially be
explained by their older age. Twins who were born earlier
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this century are more likely to have had less opportunity to
finish secondary education. Presumably, in this subgroup,
impaired cognitive functioning was not noticed, because
the children had already left school. We did not find a sig-
nificant effect of sex and family history status on age of
developmental divergence, in agreement with the findings
of Cannon et al. (1999). They did not find an effect of
genetic risk of schizophrenia on school performance, and
they found only a marginally significant effect of sex.
However, because of inconsistencies in the familial data
collection, and because we personally interviewed a con-
siderable portion of the first degree relatives, we chose to
define the family history status by the presence of schizo-
phrenia or a schizophrenia spectrum disorder in first
degree relatives, and this may well go some way in
explaining the lack of a positive association between fam-
ily history and age of divergence. Finally, we found no dif-
ferences in age of disease onset between the three sub-
groups of affected twins. An earlier age of onset might
have been expected if obstetric complications were more
prevalent in twins who developmentally diverged before
the age of 7 (Verdoux et al. 1997), which has been sug-
gested by Torrey et al. (1994). The absence of an earlier
age of disease onset might be due to the small numbers of
twins who developmentally diverged before the age of 7.

MZ control twins showed developmental divergence
on average 5 years later than did DZ control twins.
Because general cognitive ability can be accounted for by
about 50 percent by genetic factors, this may partially
explain the later developmental divergence in MZ twins
(Plomin et al. 1997). In addition, twins, particularly MZ
twins, might be treated more alike than other students are.
Most twins attended the same classes, and some twins
mentioned that they both had repeated a grade when only
one of them failed to complete a year. Alternatively, there
might also be some twins who were both moved up a year,
even if one of them was failing. This implies that we may
have overestimated the number of affected twin pairs who
did not show divergent school performance and in whom
developmental divergence occurred some years later as a
result of the first signs of developing mental illness.

For the near future, our results suggest that careful
monitoring of school performance might improve the early
recognition of schizophrenia. Usually, early detection or
intervention studies focus on adolescents in their late teens
(Olin and Mednick 1996; Vaglum 1996; Yung et al. 1996).
However, our results suggest that this may be several years
too late, that these programs should instead focus on chil-
dren in their early teens, and that classroom teachers
should have a prominent role in these programs. Further-
more, as also indicated by Torrey et al. (1994), children
who fail to develop normally before 7 years of age should
be monitored carefully for the emergence of psychiatric or

psychotic illness during early adolescence. Finally, it
might be worthwhile to carefully monitor the differences
in school performance between concordant and discordant
twin pairs. Age of developmental divergence was earliest
in concordant twin pairs, but this difference did not reach
significance, which might be due to the low numbers of
concordant twin pairs in the present study. If an earlier age
of developmental divergence does indeed become evident
in concordant twin pairs, the comparison of the age of
developmental divergence between discordant and concor-
dant twin pairs may provide a clue on the relation between
the age of developmental divergence and the presence of
pathology in the apparently well co-twin.

Our study has several potential limitations. First, we
assessed school performance retrospectively; however, we
believe that this assessment was not strongly biased
because we confirmed a subject's information by examin-
ing school reports and diplomas. Another possible limita-
tion of the study concerns the increased frequency of
affected twin pairs among the twins that showed divergent
development before 7 years of age. It is possible that
healthy control twins who received special education did
not wish to take part in the study. Nevertheless, the num-
ber of twins that received special education because of
behavioral problems or learning disabilities did not signif-
icantly differ between the two groups. Moreover, not all
twins who were referred to special education showed
divergent development before 7 years of age, because
either both twins received special education or the twins
did not repeat the first year of primary education and spe-
cial education was first considered thereafter. Finally, even
though our sample of affected twin pairs seems to be com-
parable to those of other twin studies in schizophrenia,
care should be taken in generalizing the results of twin
studies to the general population, as the design might be
prone to specific (selection) biases. Indeed, the interpreta-
tion of our results is limited by the exploratory nature of
our study. Developmental divergence is not a well-defined
concept, and in this study it was quite loosely defined.
Although it is generally considered to be a measure of
general cognitive performance, diminished school per-
formance may also be related to the first occurrence of
negative symptoms in schizophrenia, such as decreased
motivation.

In summary, this study found that in both MZ and DZ
twin pairs affected by schizophrenia, a divergence in
school performance occurred about 7.5 years earlier than
in healthy control twins, at 12 years of age, preceding the
onset of psychosis by 10 years. In affected twin pairs,
developmental divergence mainly occurred because of
underperformance of the schizophrenia twin, which sug-
gests that the first prodromal symptoms of schizophrenia
manifest themselves at the onset of puberty. Underperfor-
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mance at school might therefore be considered one of the
first signs of a latent vulnerability for schizophrenia.
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