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Objective: The authors report on a systematic twin study of index twins suffering from
schizophrenia spectrum psychoses. Using different diagnostic systems, they examined twin
concordance, family history, and the frequency and severity of the birth complications of 22
monozygotic and 23 dizygotic twin pairs. Method: All twins in the region of Lower Franconia,
Germany, born after 1930 and hospitalized for psychiatric disease were ascertained. The zy-
gosity diagnoses were based on molecular genetic methodology and a zygosity questionnaire.
Two psychiatrists, working independently, formulated diagnoses according to DSM-111-R cri-
teria and Leonhard’s nosology. Results: There were substantially different concordance rates
with regard to diagnostic subgroups, and monozygotic concordance was significantly higher
than dizygotic concordance in only two of the following five subgroups (subgroups 1 and 3):
1) strict schizophrenia according to DSM-I11-R: monozygotic, 85.7%, dizygotic, 25.0%; 2)
schizophreniform, schizoaffective, and delusional (paranoid) disorders and psychotic disorder
not otherwise specified according to DSM-I11-R: monozygotic, 47.1%, dizygotic, 30.8%; 3)
unsystematic schizophrenia according to Leonhard: monozygotic, 88.9%, dizygotic, 25.0%;
4) systematic schizophrenia according to Leonhard: monozygotic pairs lacking, dizygotic, 0%;
5) cycloid psychoses according to Leonhard: monozygotic, 38.5%, dizygotic, 36.4%. In the
case of cycloid psychoses and conditions less prominent in DSM-111-R schizophreniform,
schizoaffective, and delusional (paranoid) disorders and psychotic disorder not otherwise
specified, the affected twins had suffered significantly more severe birth complications than
their healthy partners. Not one of the 37 monozygotic twins was diagnosed as having system-
atic schizophrenia, whereas six of the 25 dizygotic index twins received this diagnosis. Con-
clusions: The results of the study suggest that schizophrenia spectrum psychoses may consist
of clinically and etiologically heterogeneous subgroups with different genetic backgrounds.

(Am J Psychiatry 1998; 155:76-83)

he diagnostic concept of schizophrenia has been

open to dispute right from the start, and this situ-
ation has not changed markedly since the introduction
of modern operational and atheoretical diagnostic sys-
tems. As the following quotation succinctly points out,
striking progress in schizophrenia research has yet to be
made: “We have now at our disposal, powerful genetic,
biochemical, and brain-imaging technology. Neverthe-
less, there is an increasing gap between these develop-
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ments and the growth in our understanding of the eti-
ology of schizophrenia™ (1).

Leonhard’s classification of endogenous psychoses is
largely unknown, even though a number of studies
point to its validity and reliability (2-10). This classifi-
cation is highly operationalized and based on the so-
phisticated clinical descriptions and hierarchical symp-
tom patterns occurring during the long-term course of
psychiatric diseases (11, 12). A diagnosis based on
Leonhard’s classification can be made only if all the
clinical features fit; i.e., the diagnosis may not be made
if characteristic symptoms are lacking. This is the main
difference between Leonhard’s classification and the
operational diagnostic systems that require the presence
of some but not all or specific symptoms of a symptom
cluster. According to Leonhard, psychoses exhibiting
“schizophrenic symptoms™” (DSM-III-R criterion A)
have to be divided into three distinct clinical and
nosological subgroups: cycloid psychoses and unsys-
tematic and systematic schizophrenias.
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Cycloid psychoses run a phasic and prognostically fa-
vorable long-term course that is similar to manic-de-
pressive disease. “Schizophrenic symptoms” are fre-
quently present during the acute phases. Complete
remissions and the absence of residual symptoms are
characteristic features of cycloid psychoses. Because of
their polymorphous clinical pictures, they are found in
many diagnostic categories when DSM-III-R criteria
are used, ranging from bipolar mood disorders with
psychotic symptoms to strictly defined schizophrenia.
Cycloid psychoses exhibit some resemblance to unsys-
tematic schizophrenias, especially in the early stages of
the disease. Unsystematic schizophrenias, however,
generally lead to residual states of varying severity and
can easily be distinguished from cycloid psychoses by
experienced and thoroughly trained psychiatrists. Un-
systematic schizophrenias are also distributed in a wide
range of DSM-III-R diagnostic categories. For the most
part, however, they fulfill the “strict” DSM-III-R crite-
ria for schizophrenia. Systematic schizophrenias usu-
ally begin insidiously and run a chronic, progressive
course without remission. The irreversible, treatment-
resistant residual states are clinically well defined and
can be reliably distinguished from unsystematic schizo-
phrenia (6, 13). According to DSM-III-R, almost all
systematic schizophrenias meet the strict criteria for
schizophrenia. Family studies have revealed high famil-
ial loading with identical psychoses for unsystematic
schizophrenias but low familial loading for systematic
schizophrenias and cycloid psychoses (3, 11, 12).

In recent literature, the conflicting results obtained in
schizophrenia research are generally thought to be an in-
dication of polygenic and heterogenic inheritance com-
bined with various adverse environmental factors (14,
15). Nevertheless, the question of whether schizophrenia
and quasi-schizophrenic psychoses do, in fact, represent
a continuum of diseases without any clear dividing lines
between them or are, instead, distinct disease entities
with various etiologies has yet to be answered.

Using the twin-study approach, we sought to shed
new light on this urgent question. Our diagnoses were
established by using DSM-III-R criteria and Leonhard’s
classification of endogenous psychoses (11, 12). We
studied twin concordance for monozygotic and dizygo-
tic twins, familial loading with mental disease, and the
frequency and severity of birth complications.

METHOD

Twin Ascertainment

Lower Franconia is a region of Bavaria the population of which is
characterized by low fluctuation due to new arrivals and emigration.
There are three psychiatric hospitals within this region, the Depart-
ment of Psychiatry of Wuerzburg University, the State Hospital
Lohr/Main, and the State Hospital Werneck; almost every patient re-
quiring hospital treatment of mental disorders is admitted to one of
them. Given the lack of a psychosis register in Germany, twin ascer-
tainment was representative within limits; i.e., the sample comprised
all twin individuals born after 1930 who had been admitted to one of
the region’s psychiatric hospitals at least once.
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The psychiatric diagnoses at the three hospitals have been docu-
mented uniformly according to ICD-9. We began by selecting all twins
with ICD-9 diagnoses of schizophrenia (categories 295.0-295.9) and
paranoid syndromes (297.0-297.9). To enter the study, the index twins
then had to meet DSM-III-R criteria for the following disorders: schizo-
phrenia (295.1, 295.2, 295.3, 295.6, 295.9), delusional (paranoid) dis-
order (297.10), psychotic disorder not otherwise specified (298), schi-
zophreniform disorder (295.4), and schizoaffective disorder (295.7).
These categories thus represented, by definition, psychoses of the schizo-
phrenia spectrum. This diagnostic limitation excluded from the study
patients with cycloid psychosis who met DSM-III-R criteria for bipolar
mood disorder with psychotic symptoms.

Only same-sex twin pairs entered the study. Zygosity diagnoses
were established by using molecular genetic methodology with high
polymorphous microsatellites (16) and a zygosity questionnaire (17).

Diagnosis

Two experienced psychiatrists carried out the diagnostic work by
personally examining the twins. The first author contacted the twins by
letter and by phone. After written informed consent was obtained, most
of the twins were visited at their homes; the others came to the hospital.

The first author diagnosed one of the twin partners, and not until
he had formulated his diagnosis was the twin’s partner presented to
the second author. The second author received no information on the
first author’s diagnosis until he had committed himself to a specific
diagnosis according to DSM-III-R and Leonhard’s classification. He
received all the relevant information except for family history, history
of the mother’s deliveries, and mental state of the twin’s partner. Since
the second author knew only one partner of a twin pair during his
diagnostic work, he was blind to the twins’ zygosity. Because the first
author knew both twins in each pair, he could draw conclusions re-
garding zygosity by comparing the twins’ appearance. Like the sec-
ond author, however, he did not know the zygosity diagnosis made
according to the molecular genetic method. This methodological ap-
proach minimized the likelihood of the diagnosis of one twin influ-
encing the diagnosis of his or her co-twin, as would have been possi-
ble if both twins in a given twin pair had been diagnosed by the same
investigator.

The Schedule for Affective Disorders and Schizophrenia—Lifetime
Version Modified for the Study of Anxiety Disorders (SADS-LA), a
semistructured interview, was used for DSM-III-R diagnoses. The
Leonhard diagnoses were based on Leonhard’s original descriptions
of endogenous psychoses. We have achieved high kappa values in
previous reliability studies by using DSM-I111-R criteria and Leon-
hard’s classification (4, 6).

Determination of Twin Concordance

Twin concordance can be calculated by either a pairwise or pro-
bandwise method. The pairwise method is appropriate for statistical
evaluation in comparisons of monozygotic and dizygotic concor-
dance rates. Probandwise calculation implies that pairs with two in-
dex twins have to be counted twice. This method of calculation pre-
supposes that the index twins have been systematically ascertained
and allows a direct comparison of concordance rates with the values
for familial loading in family studies (18).

The concordance criteria were gradated according to the defini-
tions of Gottesman and Shields (19, 20) and Fischer et al. (21) into
three groups: K1 (strict definition), K2 (middle definition), and K3
(broad definition).

Concordance groups according to DSM-111-R. K1 (strict): The co-
twin’s diagnosis is identical to that of the index twin. K2 (middle):
The index twin has received a diagnosis of schizophrenia, and the
co-twin has received a diagnosis from the categories 295.4, 295.7,
297, or 298. K3 (broad): The co-twin suffered or suffers from some
other relevant DSM-111-R mental disorder, except for mental retarda-
tion and dementia. A twin pair was defined as discordant if the co-
twin had never suffered from a mental disorder and was found to be
healthy at the time of investigation.

Concordance groups according to Leonhard. K1 (strict): The co-
twin’s diagnosis is identical to that of the index twin. K2 (middle):

77



SCHIZOPHRENIA SPECTRUM PSYCHOSES

The diagnosis of the co-twin is not identical to the index twin’s, but
the co-twin suffered from another schizophrenia spectrum psychosis.
The K3 (broad) definition and discordance criteria were the same as
those for DSM-I1I-R.

Family History

The investigation of the twin pairs’ familial loading with mental
disorders was based on the family history method (22). All living fam-
ily members who had been said to suffer from mental disorders were
personally examined through use of a semistructured interview
(SADS-LA). All hospital records of living and deceased family mem-
bers who had been hospitalized for mental disorders were made avail-
able. All living mothers (78%) and fathers (38%b) were personally
examined with the SADS-LA. Only data on parents and siblings were
used to evaluate familial loading. 11l co-twins were not counted.

Birth Complications

In order to obtain information on delivery, we reviewed hospital
records, questioned the twins themselves, and interviewed all living
mothers. This approach has been estimated to yield sufficiently valid
and reliable results (23-28). Birth complications were rated according
to a widely used severity-weight allocation scale for specific compli-
cations (29). We then compared the healthy with the ill twins in the
discordant pairs and the more severely affected twins with their co-
twins in the concordant pairs. The definition of which twin was the
more severely affected was based on age at onset of the disease, the
frequency and duration of hospitalization, social competence (e.g.,
professional activity), and the general clinical impression at the time
of the follow-up investigation.

RESULTS
Twin Ascertainment

From 1960 to 1989 we systematically screened over
25,000 hospital records and found 371 index twins
who had been hospitalized for mental disorders at least
once in the region of Lower Franconia. This means that
one of every 67 patients was found to be a twin. Be-
cause this is approximately in line with the frequency of
twins in the general population, we obviously did not
lose a substantial proportion of the twins (30).

According to the records, 50 co-twins were deceased,;
of the remaining 321 pairs, 204 were of the same sex
and 117 of the opposite sex. According to the charts,
101 same-sex index twins suffered from endogenous
psychoses, whereas the others had received diagnoses
such as neurosis, personality disorder, alcohol or drug
abuse, dementia, and other organic brain diseases.

Sixty-three index twins of 52 twin pairs had received
one of the following ICD-9 diagnoses: schizophrenic
psychoses (categories 295.0 to 295.9) or paranoid syn-
dromes (297.0 to 297.9). From 1989 onward, the State
Hospital Lohr/Main registered, in a computer program,
all twins admitted. By 1994 this had resulted in an ad-
ditional 12 same-sex twin pairs with 14 index twins
meeting the primary inclusion criteria of the study. In
four of the 64 same-sex twin pairs then available, one
partner was dead. Probands from 10 of the remaining
60 pairs refused to participate in the study. In five pairs,
the index twins did not meet DSM-III-R criteria for any
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one of the schizophrenia spectrum psychoses. What fol-
lows, therefore, are the data for 45 same-sex twin pairs
(22 female, 23 male).

Demographic Data

The mean age of the 45 twin pairs at the time of the
investigation was 40 years (SD=13, range=22-65). The
mean age of the 22 monozygotic twin pairs was 41
years (SD=12, range=22-63), and that of the 23 dizy-
gotic twin pairs was 40 years (SD=14, range=20-65).
The mean age at the time of the first hospitalization of
the ill twins (N=62) was 20 years (SD=8) for men
(N=31) and 22 years (SD=10) for women (N=31). The
onset of the disease and first hospitalization typically
took place at the same time. For 58 (93.5%) of the 62
psychotic probands, there was an interval of more than
5 years between the onset of the disease and the follow-
up investigation. For 26 of them (41.9%), there was an
interval of more than 19 years.

Zygosity Diagnoses

We succeeded in obtaining blood samples from both
twins in 39 pairs (87%). The zygosity diagnoses made
on the basis of the molecular genetic and questionnaire
methods were identical in 38 cases (97.4%). The twins
of five pairs refused to give blood samples. In one twin,
the blood obtained was not sufficient for molecular ge-
netic analysis. In six (13%) of the 45 pairs, therefore,
zygosity diagnoses were based solely on the zygosity
questionnaire. There were 22 monozygotic and 23 dizy-
gotic twin pairs.

Twin Concordance

Among the 17 concordant pairs in which both part-
ners of a twin pair had developed psychoses of the
schizophrenia spectrum, there was an interval of less
than 1 year in four pairs (23.5%), of less than 5 years
in nine pairs (52.9%), and of less than 9 years in three
pairs (17.6%0). In only one pair (5.9%) was there an
interval of 16 years.

Table 1 shows pairwise concordance, and table 2 pre-
sents all components of statistical evaluation of these
data (test for proportions). Table 3 presents proband-
wise concordance. Four twin pairs were concordant ac-
cording to the K3 criteria. The four co-twins from this
group all received a DSM-III-R axis Il diagnosis (per-
sonality disorder), and one of them had also suffered
from chronic insomnia for more than 10 years.

The probandwise and pairwise concordance of the
total group for schizophrenia spectrum psychoses
(group K1+K2) differed only nonsignificantly from the
concordance rate of a meta-analysis of twin studies be-
tween 1928 and 1991 (probandwise concordance for
monozygotic twins: 65% in our study, as opposed to
58% in the meta-analysis; dizygotic twins: 28% versus
15%; pairwise concordance for monozygotic twins:
50% versus 55%; dizygotic twins: 22% versus 119%b).
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TABLE 1. Pairwise Concordance of 45 Monozygotic and Dizygotic Twin Pairs for Schizophrenia Spectrum Psychoses

Monozygotic Pairs

Dizygotic Pairs

Concordance Age- Age- Test for
Diagnoses and Zygosity of Index Twins Group? N % Corrected % N %  Corrected % Proportions (p)
Schizophrenia spectrum psychoses; K1 10 46 50 4 17 24 <0.10
22 monozygotic, 23 dizygotic K1+K2 11 50 55 5 22 31 <0.10
K1+K2+K3 14 64 70 6 26 37 <0.05
DSM-III-R
Schizophrenia; 9 monozygotic, K1 6 67 67 2 17 18 <0.10
12 dizygotic K1+K2 7 78 78 3 25 27 <0.05
K1+K2+K3 9 100 3 25 27 <0.01
Schizophreniform, schizoaffective, delu- K1 4 31 36 2 18 21 n.s.
sional (paranoid) disorders, psy- K1+K2 4 31 36 2 18 21 n.s.
chotic disorder not otherwise speci- K1+K2+K3 5 39 45 3 27 32 n.s.
fied; 13 monozygotic, 11 dizygotic
Classification of Leonhard (11, 12)
Systematic schizophrenias; 0 monozy- K1 0 0 0 0
gotic, 6 dizygotic K1+K2 0 0 0 0
K1+K2+K3 0 0 0 0
Unsystematic schizophrenias; K1 9 82 82 2 25 27 <0.05
11 monozygotic, 8 dizygotic K1+K2 9 82 82 2 25 27 <0.05
K1+K2+K3 11 100 4 50 53 <0.05
Cycloid psychoses; 11 monozygotic, K1 3 27 33 2 22 26 n.s.
9 dizygotic K1+K2 3 27 33 2 22 26 n.s.
K1+K2+K3 3 27 33 2 22 26 n.s.

aK1, K2, and K3 indicate different definitions of concordance. Concordance is strictly defined in group K1 and broadly defined in group

K1+K2+K3. The group K1+K2 is in between and the best for direct comparisons with the most important twin studies in the literature.

TABLE 2. Statistical Evaluation of Pairwise Concordance of 45 Monozygotic and Dizygotic Twin Pairs for Schizophrenia Spectrum Psychoses,

According to the Conservative Test for Proportions

Standard Error for

Test for

Proportion 95% Confidence Interval Proportions
Concordance
Diagnostic Group Group? Monozygotic  Dizygotic  Monozygotic ~ Dizygotic z p
Total K1 0.11 0.08 24-68 1-33 1.77 0.08
K1+K2 0.11 0.08 28-72 4-40 165 0.10
K1+K2+K3 0.10 0.09 44-88 8-44 2.26  0.002
DSM-III-R
Schizophrenia K1 0.16 0.11 36-98 0-39 1.88 0.06
K1+K2 0.14 0.13 56-100 1-50 197 0.05
K1+K2+K3 0.00 0.13 100 0-50 299 0.003
Schizophreniform, schizoaffective, delu- K1 0.13 0.12 6-56 0-41 0.26 ns.
sional (paranoid) disorders, psychotic dis- K1+K2 0.13 0.12 6-56 0-41 0.26 n.s.
order not otherwise specified K1+K2+K3 0.14 0.13 12-66 2-52 0.19 ns.
Classification of Leonhard (11, 12)
Unsystematic schizophrenias K1 0.12 0.15 59-100 0-55 202 0.04
K1+K2 0.12 0.15 59-100 0-55 2.02 0.04
K1+K2+K3 0.00 0.18 100 15-85 2.07 0.04
Cycloid psychoses K1 0.13 0.14 2-53 0-49 0.26 n.s.
K1+K2 0.13 0.14 2-53 0-49 0.26 n.s.
K1+K2+K3 0.13 0.14 2-53 0-49 0.26 n.s.

8See table 1 for definitions.

Using the conservative test for proportions, we ob-
tained statistically significant differences at the 5%
level between monozygotic and dizygotic concordance
rates in the group of unsystematic schizophrenias ac-
cording to Leonhard’s classification and in the group
of twins who met the strict DSM-III-R criteria for
schizophrenia. When we used one-tailed Fisher’s exact
probability test with exact p values (31), the statistically
significant differences were even more evident. For
schizophrenia spectrum psychoses, group K1: p=0.02,
K1+K2: p=0.02, K1+K2+K3: p=0.006; for strict DSM
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schizophrenia, K1: p=0.01, K1+K2: p=0.01, K1+K2+
K3: p=0.0002; for unsystematic schizophrenia, K1: p=
0.008, K1+K2: p=0.008, K1+K2+K3: p=0.006.

A broad definition of concordance (group K1+K2+
K3) in the monozygotic pairs led to an increase in con-
cordance rates up to 100% for both unsystematic
schizophrenia and DSM-111-R schizophrenia. In the di-
zygotic pairs it did not change the concordance rate for
DSM-III-R schizophrenia but led to an increase in the
rate for unsystematic schizophrenia from 25% to 50%.

The concordance rates for monozygotic pairs in the
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TABLE 3. Probandwise Concordance of Monozygotic and Dizygotic Subjects for Schizophrenia Spectrum Psychoses

Monozygotic Probands

Dizygotic Probands

Concordance Age- Age- Monozygotic/
Diagnoses and Zygosity of Index Twins Group? N % Corrected % N %  Corrected % Dizygotic Ratio
Schizophrenia spectrum psychoses; 31 K1 19 61 65 6 24 33 2.54
monozygotic, 25 dizygotic K1+K2 20 65 69 7 28 38 2.32
K1+K2+K3 23 74 79 8 32 44 231
DSM-III-R
Schizophrenia; 14 monozygotic, 12 K1 11 79 79 2 17 18 4.65
dizygotic K1+K2 12 86 86 3 25 27 3.44
K1+K2+K3 14 100 3 25 27 4.00
Schizophreniform, schizoaffective, delu- K1 8 a7 53 4 31 35 1.52
sional (paranoid) disorders, psy- K1+K2 8 47 53 4 31 35 1.52
chotic disorder not otherwise speci- K1+K2+K3 9 53 60 5 39 44 1.36
fied; 17 monozygotic, 13 dizygotic
Classification of Leonhard (11, 12)
Systematic schizophrenias; 0 monozy- K1 0 0 0 0
gotic, 6 dizygotic K1+K2 0 0 0 0
K1+K2+K3 0 0 0 0
Unsystematic schizophrenias; 18 K1 16 89 89 2 25 27 3.56
monozygotic, 8 dizygotic K1+K2 16 89 89 2 25 27 3.56
K1+K2+K3 18 100 4 50 53 2.00
Cycloid psychoses; 13 monozygotic, K1 5 39 45 4 36 41 1.08
11 dizygotic K1+K2 5 39 45 4 36 41 1.08
K1+K2+K3 5 39 45 4 36 41 1.08

aSee table 1 for definitions.

TABLE 4. DSM-I1I-R Diagnoses for 62 Proband Twins With Schizo-
phrenia Spectrum Psychoses Grouped According to Leonhard’s Clas-
sification

DSM-III-R

2

Leonhard’s Classification? N Diagnosis

N

RPNONMONDRL DO

Unsystematic schizophrenia 31  Schizophrenia
Schizoaffective disorder
Schizophreniform disorder
Delusional disorder
Atypical psychosis
Schizophrenia
Schizophrenia
Schizoaffective disorder 1
Schizophreniform disorder
Atypical psychosis

Delusional disorder

Systematic schizophrenia 6
Cycloid psychosis 25

aFrom references 11 and 12.

group of DSM-III-R categories 295.4, 295.7, 297, and
298 and in the group of cycloid psychoses were sub-
stantially lower and were not different to a statistically
significant degree from the dizygotic concordance rates.
In the group of cycloid psychoses, the dizygotic rate was
just as high as the monozygotic rate (probandwise con-
cordance: monozygotic twins, 39%,; dizygotic twins,
36%). Broadening the definition of concordance did
not change these rates.

The group with strict DSM-1I11-R schizophrenia dif-
fered significantly from the group comprising the DSM-
I11-R diagnoses 295.4, 295.7, 297, and 298 with respect
to concordance rates (contingency test: x2=9.17, df=3,
p<0.05). When we tested more conservatively and com-
pared monozygotic and dizygotic concordance rates
separately, the higher monozygotic concordance rate
for strict DSM-111-R schizophrenia than for other spec-
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trum psychoses only approached significance (x2=3.01,
df=1, p<0.09). No difference emerged when dizygotic
rates were compared.

The concordance rates for the groups with unsystem-
atic schizophrenia and cycloid psychoses also differed
significantly (contingency test: x2=11.08, df=3, p<
0.01). Even when tested more conservatively, the
monozygotic concordance rate was significantly higher
for unsystematic schizophrenia than for cycloid psycho-
sis (x2=5.3, df=1, p<0.05). No difference emerged when
dizygotic rates of both groups were compared.

Not one of the 37 psychotic monozygotic twins had
been diagnosed as having systematic schizophrenia,
whereas six of the 25 psychotic dizygotic twins had re-
ceived this diagnosis. This difference was statistically
significant (test for proportions, z=2.67, p<0.01). Every
dizygotic pair with an index twin with systematic
schizophrenia was discordant.

Table 4 shows the distribution of psychotic twins diag-
nosed according to Leonhard within the various DSM-
I11-R categories. Each of the twins with systematic schizo-
phrenia also met DSM-III-R criteria for schizophrenia.
Only 65% of the twins with unsystematic schizophrenia,
however, were diagnosed as schizophrenic according to
DSM-I1I-R. The remaining 35% covered a wide range of
DSM-11I-R diagnoses. Twins with cycloid psychosis were
similarly distributed throughout the whole spectrum of
DSM-I1I-R diagnoses, and 16% of them met DSM-I1I-R
criteria for schizophrenia.

Family History
Table 5 presents the family history data of the 45 twin

pairs with regard to diagnoses. We differentiated among
familial loading with schizophrenia spectrum psychosis,
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TABLE 5. Familial Loading (parents and siblings) of Mental Disorders for 45 Monozygotic and Dizygotic Twin Pairs

Age-Corrected Rate in Relatives (%)

Schizophrenia Suicide Without No Psychosis

Spectrum Affective Psychiatric But Other
Diagnoses of Index Twins Psychoses Psychosis Diagnosis Mental Disorder
Total (schizophrenia spectrum psychoses); 187 parents and siblings 4.3 5.3 1.6 13.9
DSM-III-R
Schizophrenia; 70 parents and siblings 8.6 2.9 4.2 15.7
Schizophreniform, schizoaffective, delusional (paranoid) disor-
ders, psychotic disorder not otherwise specified; 117 parents
and siblings 1.7 6.8 0.0 12.8
Classification of Leonhard (11, 12)
Unsystematic schizophrenias; 65 parents and siblings 12.3 4.6 4.6 29.2
Systematic schizophrenias; 22 parents and siblings 0.0 0.0 0.0 13.6
Cycloid psychoses; 100 parents and siblings 0.0 7.0 0.0 4.0

affective psychosis, suicide without prior psychiatric di-
agnosis, and no psychosis but other DSM-III-R mental
disorder (except for mental retardation and dementia).

There were more schizophrenia spectrum psychoses
and fewer affective psychoses among parents and sib-
lings in the group with DSM-III-R schizophrenia than
in the group comprising DSM-III-R categories 295.4,
295.7, 297, and 298. This difference was not statisti-
cally significant, however. On the other hand, twins
with unsystematic schizophrenia had significantly more
parents and siblings suffering from schizophrenia spec-
trum psychosis and from no psychosis but other mental
disorder than did twins with cycloid psychosis (contin-
gency test, x2=9.21, df=3, p<0.05), and there was nei-
ther a parent nor a sibling suffering from a schizophre-
nia spectrum psychosis in the families of twins with
cycloid psychosis.

History of Delivery

There were no differences with regard to birth weight
either in the group as a whole or in the various diagnos-
tic groups. The rate and severity of birth complications
for the ill or more severely affected twins in the cycloid
psychosis group and the group comprising DSM-I1I-R
categories 295.4, 295.7, 297, and 298, however, were
significantly higher than for their partners (whole
group: z=2.00, p=0.05; cycloid psychoses: z=2.52, p=
0.01; categories 295.4, 295.7, 297, and 298: z=2.25,
p=0.02; Wilcoxon matched-pairs signed rank test). The
dizygotic index twins suffering from systematic schizo-
phrenia according to Leonhard (N=6) had complica-
tions that were three times more frequent and more se-
vere than those of their healthy co-twins. There was no
difference between the ill or more severely affected
twins and their partners in the groups with DSM-III-R
schizophrenia and unsystematic schizophrenia.

DISCUSSION
Until now, the most important twin studies focusing

on schizophrenia have reported significantly higher
concordance rates among monozygotic than dizygotic
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twins. Some studies, however, have reported substan-
tially different concordance rates for monozygotic twin
pairs, whereas the concordance rates for dizygotic
twins do not vary substantially (30). These studies have
obviously been dominated by various patient groups
that have either raised or lowered the monozygotic con-
cordance rates. Some authors have reported signifi-
cantly different monozygotic concordance rates with
regard to the severity of illness in the index twins. Index
twins suffering from mild or transient schizophrenia
have been found to have ill co-twins in only 17%-33%
of cases, whereas pairs in which index twins exhibit se-
vere residual psychopathology have had concordance
rates of 75%-100% (19, 32-34). We found that signifi-
cantly more monozygotic concordant than dizygotic
concordant twins met the strict DSM-III-R criteria for
schizophrenia. Fewer monozygotic concordant twins
met criteria for other DSM-III-R diagnoses (295.4,
295.7, 297, and 298) than met strict criteria for schizo-
phrenia; and although more monozygotic concordant
than dizygotic concordant twins met criteria for these
other diagnoses, the difference was not significant.
These findings point to a tendency toward quantita-
tively higher genetic loading in individuals with severe
residual psychopathology than in others (35, 36).

When Leonhard’s criteria were used, however, strik-
ing differences in the concordance rates for unsystem-
atic schizophrenias (unfavorable long-term course
with residual states of varying severity) and cycloid
psychoses (favorable long-term course without resid-
ual psychopathology) emerged. There were high
monozygotic rates and significantly lower dizygotic
rates in unsystematic schizophrenias and low monozy-
gotic rates and nearly exactly the same dizygotic rates
(monozygotic: 39%, dizygotic: 36%) in cycloid psy-
choses. We found that the monozygotic concordance
rate of unsystematic schizophrenia was significantly
higher than that of cycloid psychoses. This points to a
qualitatively higher genetic loading in individuals with
unsystematic schizophrenia than in individuals suffer-
ing from cycloid psychosis.

Broadening the definition of concordance did not
change concordance rates in the cycloid psychosis
group and the group comprising DSM-I1I-R diagnoses
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295.4, 295.7, 297, and 298. With regard to strict DSM-
I11-R schizophrenia and unsystematic schizophrenia ac-
cording to Leonhard’s classification, however, monozy-
gotic concordance rose as high as 100%. Farmer et al.
(37) also reported that the highest monozygotic/dizygo-
tic concordance rates resulted from a broadening of the
definition of concordance.

It is striking that of the 37 psychotic monozygotic
probands, no twins have been found with a diagnosis
of systematic schizophrenia, whereas six (24%) of 25
psychotic dizygotic index twins suffered from system-
atic schizophrenia (p<0.01).

Leonhard investigated 69 psychotic monozygotic
twins and did not find systematic schizophrenia either,
while this was the case in 12 (25.5%) of his 47 psy-
chotic dizygotic twins (12). Because Leonhard did not
carry out a systematic twin ascertainment, he may have
overlooked monozygotic twins with systematic schizo-
phrenia. Despite our systematic twin ascertainment,
however, we did not find any monozygotic twins with
systematic schizophrenia either. Even so, an interpreta-
tion of this finding remains obscure; it is an argument
against the theory that ““‘confusion of ego identity” (38,
39) is a causal factor for systematic schizophrenia.

There was no statistically significant difference in the
frequency of schizophrenia, affective psychoses, and
other mental disturbances among the parents and sib-
lings of twins with strict DSM-I1I-R schizophrenia and
those of the group comprising the DSM-I1I-R categories
295.4, 295.7, 297, and 298. Twins with unsystematic
schizophrenia, however, had significantly more parents
and siblings suffering from schizophrenia spectrum
psychoses and no psychosis but other mental disorder
than did twins with cycloid psychosis, and it is striking
that there were no schizophrenia spectrum psychoses at
all among the parents and siblings of twins with cycloid
psychosis. The fact that 7% of the 100 parents and sib-
lings of twins with cycloid psychoses suffered from af-
fective psychoses may indicate that there is a genetic
loading for affective psychoses in patients with cycloid
psychoses. On the other hand, equal concordance rates
for monozygotic and dizygotic twins point to a mainly
environmental cause of these illnesses, and the assump-
tion that cycloid psychoses are merely a variant of
manic-depressive disorder is not tenable, since manic-
depressive disorder exhibits high monozygotic and low
dizygotic concordance rates (40).

Birth complications, as “‘environmental” stressors,
seem to contribute to the etiology of cycloid psychoses.
The rate and severity of such complications were signifi-
cantly higher among the ill or more severely affected
twins than among their partners. Eighty-four percent of
the twins with cycloid psychoses had been allocated to
the group comprising DSM-III-R categories 295.4,
295.7, 297, and 298. This explains the finding that even
in this diagnostically heterogeneous group, the ill or more
severely affected twins suffered more severe birth compli-
cations than their partners. No such difference was ap-
parent in the groups with DSM-III-R schizophrenia and
Leonhard’s unsystematic schizophrenia. The six dizygo-
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tic index twins with systematic schizophrenia suffered
three times as many complications as their healthy part-
ners. This corroborates the findings of Stober et al. (41—
43) that pregnancy-birth complications may play an im-
portant role in the etiology of systematic schizophrenia
and cycloid psychoses. These findings, however, should
not be overstated, since the data on delivery were based
mainly on retrospective reports. The latter is true, how-
ever, of the group of patients as a whole, and the fact that
significant results were obtained only in a circumscribed
clinical subgroup indicates that the data are important.
According to Galton’s rule, the results of our study indi-
cate that DSM-III-R schizophrenia and unsystematic
schizophrenia according to Leonhard are primarily ge-
netically determined. In cycloid psychoses, however, he-
redity seems to be very low, and environmental factors
such as birth complications may be of some etiological
importance. The group comprising DSM-I111-R categories
295.4, 295.7, 297, and 298 falls in between these two
categories; i.e., genetic and environmental factors have to
be weighted equally.

Special Leonhard diagnoses are no match for special
DSM-III-R categories. While it is true that all the twins
diagnosed as having systematic schizophrenia also met
DSM-III-R criteria for schizophrenia, unsystematic
schizophrenias as well as cycloid psychoses were dis-
tributed variously over a wide range of DSM-III-R cate-
gories. Despite some overlap, therefore, an equation of
DSM-III-R schizophrenia with Leonhard’s unsystem-
atic and systematic schizophrenia or of cycloid psycho-
ses with DSM-1I1-R categories 295.4, 295.7, 297, and
298 is simply not permissible.

The findings of this twin study provide evidence that
schizophrenia and quasi-schizophrenic psychoses com-
prise a spectrum of genetically heterogeneous diseases.
When DSM-III-R criteria were used, there was a ten-
dency for strict schizophrenia to be more genetically loaded
than the heterogeneous diagnostic group of schizo-
phreniform, schizoaffective, delusional, and psychotic
disorders not otherwise specified.

When Leonhard’s classification was used, there was
statistically significant evidence that cycloid psychoses
and unsystematic and systematic schizophrenias are
genetically different groups. In the case of cycloid psy-
choses and systematic schizophrenias, genetic loading
seems to be low, while environmental factors may play
an important role in etiology. Unsystematic schizophre-
nias, however, seem to be predominantly inherited, and
environmental stressors are not prominent.
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