
Since the foundations of the modern concepts of schizophrenia over
the past 100 years, it has been considered divisible into symptom
dimensions or various subtypes.1 These concepts have gradually
progressed from a two-dimensional positive/negative symptom
model2,3 to multidimensional models of schizophrenia.4–8 The
relationship between symptom dimensions or clinical character-
istics and familial liability to schizophrenia has been measured
in a series of studies, either to predict the occurrence of the disease
or its spectrum disorders in the relatives of probands, with
conflicting results.9–12

Five studies have examined within-family correlations of
symptom dimensions in sibling pairs or families. Burke et al13

found modest correlation for positive, negative and disorganisa-
tion dimensions and Kendler et al14 found correlation for positive,
negative and affective factors, whereas Loftus et al15 and Cardno
et al16 detected significant within-sibling pair correlation only
for disorganisation. Wickham et al7 concluded that psychomotor
poverty, disorganisation and mania were familial.

All of the previous studies were conducted in Western
industrialised populations, and it is thus important to examine
people from other cultures and ancestry to investigate the
familiality of psychotic symptoms and clinical characteristics. In
addition, few studies have examined the intrafamiliar concordance
of premorbid social adjustment and personality measures, like
schizotypy. The aim of the present study is to determine the
familiality of symptom dimensions in a sample of Han Chinese
sibling pairs, with a view to using this information in future to
explore the relationship between these dimensions and genetic
susceptibility alleles as they are discovered.

Method

Participants

The participating families were ascertained as part of a project
aimed at performing genetic linkage and association studies of
psychosis in sibling pairs. In order to characterise the phenotype

of these families, we decided to analyse the sample for sibling–
sibling correlation of symptom dimensions, subsequent to the
clinical data collection process. The aim of this was to assess
whether these dimensions would be useful phenotypic measures
in molecular genetic analysis of the sample (i.e. whether they
are likely to be genetic in origin).

One hundred and thirty-seven families, in which two or more
siblings met DSM–IV17 criteria for schizophrenia, schizoaffective
disorder or schizophreniform disorder, were recruited from
Sichuan Province, Southwest China. Probands were identified from
their hospital records or referrals by their psychiatrists, since their
family history records showed they might have at least one sibling
with a mental disorder. They were contacted at their home by one
of the investigators, and agreed to take part in the study. The total
number of families that were initially contacted was not recorded,
so the refusal rate of participation is not known. The final sample
consisted of 291 affected individuals (154 male, 137 female) from
137 families grouped as 122 sib-pairs, 14 triplets and 1 family with
5 affected siblings. In total, 5 parents (2 fathers, 3 mothers) had a
diagnosis of schizophrenia. All of the participants were Han Chinese.

Clinical and demographic assessment

Age at examination, years of education and duration of illness in
years were recorded. Age at onset was defined as the earliest age of
psychotic symptoms or abnormal behaviours noticed by the
individual or other people. Occupation was recorded as worker,
agricultural worker, professional, self-employed or not working
(including unemployed, housewife or househusband, etc.).
Marriage was recorded as single, married, divorced or widowed.

All participants were interviewed in person by one of two
psychiatrists using a Chinese version of the Structured Clinical
Interview for DSM–IV Disorders (SCID)18 and the clinical scales
described. The raters were not masked to sibling rating, i.e. before
they conducted the interview, they knew that the participant had
at least one sibling suffering from a mental disorder. Interviews
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Background
A number of studies with conflicting results have examined
the familiality of schizophrenia syndromes in Western
populations.

Aims
The objective of this study was to determine, using clinical
data from concordant sibling pairs, whether symptom
dimensions and other clinical characteristics of schizophrenia
show familial aggregation and are therefore potentially useful
traits in genetic studies.

Method
We measured clinical and demographic features, and
symptom dimensions of schizophrenia in 137 families from
China who had two or more affected members with
schizophrenia. Within-sibling pair correlation was assessed
with intraclass correlation coefficient and kappa statistics.

Results
Global functioning, positive, disorganisation and dysphoric
symptoms, premorbid schizotypal and schizoid traits,
premorbid social adjustment, type and age at illness onset
all showed significant evidence of familial aggregation.
DSM–IV schizophrenia subtypes were also found to be
familial.

Conclusions
This is the first study in a large non-European population
to confirm that schizophrenia dimensions and clinical
characteristics show significant familiality, implying
possible heritability. This supports their use in the
delineation of homogeneous subsets for future genetic
studies.
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were opportunistic, i.e. there were no systematic means of
assigning a rater to a particular family, but instead this depended
only on which psychiatrist was available to carry out the interview.
Information was also taken from other sources including parental
interview, case notes and contact with treating psychiatrists. The
individual could be in any current stage of schizophrenia, i.e. first
onset, remission or chronic. The two psychiatrists interviewed and
rated the initial 36 families independently, which included a total
of 144 people (affected siblings and parents if they were available),
to assess the reliability of rating between them. The interrater
reliability (kappa) between the two psychiatrists was 40.80 for
all categorical items rated, and the intraclass correlation coefficient
was 50.70 for continuous or ranked variables.

Diagnoses of schizophrenia, schizoaffective disorder or
schizophreniform disorder were assigned on the basis of the inter-
view and the medical records according to DSM–IV criteria. For
all affected siblings in the sib-pair family sample, we also per-
formed clinical symptom ratings using the Positive and Negative
Symptom Scale (PANSS),19 on a lifetime worst basis. This scale
consists of seven positive (PANSS–P) and seven negative
(PANSS–N) symptom assessments and a 16-item general
psychopathology assessment (PANSS–G), all rated on a 7-point
severity scale. The PANSS has been validated in a Han Chinese
population20 and has been extensively used in samples with
non-European ancestry. In addition, dimensions based on PANSS
symptom scores were derived from an exploratory factor analysis.

The affected participants (and other informants when
available) were asked to recall the symptoms during the most
severe episode of their illness, and this was corroborated by clinical
records, including hospital case notes. Lifetime worst rating was
chosen as the most reliable measure of symptom dimensions in
the sample, as individuals were at different stages of their illness
when interviewed, and information on the most severe episode
was most likely to have a written corroboration in the case notes.
In addition, we measured aggressive behaviour with the Modified
Overt Aggression Scale (MOAS)21 on a lifetime worst basis,
premorbid social adjustment with the Premorbid Adjustment
Scale (PAS), and Premorbid Schizoid and Schizotypal Traits
(PSST).22 We used the Global Assessment of Function Scale
(GAFS)23 to assess global functioning of participants on a lifetime
worst basis. Premorbid Schizoid and Schizotypal Traits and PAS
assessed the functional level of individuals during childhood and
adolescence (5–16 years old).

Statistical analyses

Differences in demographic and clinical variables were examined
with t-test and chi-squared test, as appropriate. Associations were

tested with Pearson’s correlation, or partial correlation to examine
the relationship between two variables, while taking other
variables into account. Before examining sibling resemblance, we
tested the possible relationship of age, gender and duration of
illness with the clinical variables. To remove the effect of age
and gender, a linear regression model was fitted with age and
gender as covariates and the residuals were used for post hoc
analyses.

Extraction of factors from the PANSS symptom scores was
performed with principal component analysis of correlation
matrix. An initial factor analysis was performed with all PANSS
items and the variables with a Kaiser–Meyer–Olkin measure
50.5 were dropped. The analysis was repeated and the number
of meaningful factors was determined by the Scree plot. To aid
interpretation of the solution, oblique rotation was performed
by the promax method.

For within-sibling correlation analysis, all possible sib-pairs
were formed from each family (e.g. each trio family was counted
as three possible pairs, and the family with five affected siblings
were counted as ten possible pairs). To correct for sibship size,
each pair was weighted with a factor of 2/n where n is the number
of affected members. Familiality was examined with kappa
statistics or chi-squared test for categorical variables and intraclass
correlation coefficient (ICC) for continuous variables. SPSS 13.0
program for Windows was used for all analyses. Bonferroni
corrections for multiple testing were adopted, as appropriate.

Results

General demographic and clinical variables

The mean age at examination of the participants was 33.13 years
and the mean number of years of education was 7.53. There was
no significant difference in age at examination (t=0.61, P=0.54)
or occupation (w2=3.17, P=0.53) between men and women, but
the men had spent longer in education (t=2.3, P=0.022) and were
more frequently unmarried (w2=24.53, P50.0001). The distribu-
tions of general demographic variables are presented in Table 1.
Years of education, occupation and marital status were signifi-
cantly correlated within paired siblings (education: single measure
ICC=0.547, P50.0001; occupation: k=0.602, P50.0001; marriage:
k=0.35, P50.0005).

From the total of 137 families there were 174 pair-wise
comparisons (i.e. three siblings count as three sib-pairs and five
siblings as ten sib-pairs). The distribution of pairs by gender
was 46 male–male, 36 female–female and 92 male–female. There
was no excess of same gender pairs (w2=0.45, d.f.=1, P=0.503).
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Table 1 Distribution of general demographic variables in the affected participants

Variable Men (n=154) Women (n=137) Total (n=291)

Age at interview, years: mean (s.d.) 33.42 (8.68) 32.80 (8.66) 33.13 (8.66)

Age at onset, years: mean (s.d.) 23.22 (6.55) 23.18 (7.53) 23.20 (7.02)

Education, years: mean (s.d.) 7.88 (2.76) 7.14 (2.79) 7.53 (2.79)

Occupation, n (%)

Worker 47 (30) 37 (27) 84 (29)

Agricultural worker 70 (45) 62 (45) 132 (45)

Professional 24 (16) 24 (18) 48 (16)

Self-employed 2 (1) 6 (4) 8 (3)

Not working 11 (7) 8 (6) 19 (7)

Marital status, n (%)

Unmarried 90 (58) 41 (30) 131 (45)

Married 55 (36) 84 (61) 139 (48)

Divorced 8 (5) 9 (7) 17 (6)

Widowed 1 (1) 3 (2) 4 (1)
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The mean age at onset of psychosis was 23.20 years; the mean
duration of illness was 9.93 years. There were no significant differ-
ence between males and females (t=0.046, P=0.96) for the age at
onset.

Intercorrelations among demographic and clinical
variables

In order to assess if age at examination, gender and illness
duration could be potential covariates for other related variables
in this study, we performed a Pearson correlation with a number
of variables, including clinical symptoms (PANSS–P, PANSS–N,
PANSS–G and MOAS for aggressive behaviours), global assessment
of function (GAFS), years of education, age at onset, onset type
(acute, sub-acute, chronic) and premorbid characteristics (PAS
and PSST). In general, age, gender and illness duration were not
correlated with the variables above, with the following exceptions:

(a) age had weak correlation with positive symptoms (r=0.173,
P=0.003) and onset type (r=0.178, P=0.002), and strong posi-
tive correlation with duration of illness (r=0.584, P50.0001)
and age at onset (r=0.487, P50.0001);

(b) illness duration was positively correlated with PANSS–N
(r=0.185, P=0.002, using age at exam and gender as
covariants), but not with other clinical variables.

Using affected siblings, we carried out partial correlation ana-
lysis between each of the psychotic symptom scales (PANSS–P,
PANSS–N, PANSS–G and MOAS) and premorbid characteristics
(PAS and PSST), with age at exam and gender as covariants. We
found a positive correlation of PSST with PANSS–G (r=0.308,
P50.0001), PANSS–N (r=0.23, P50.0005) and PAS (r=0.295,
P50.0001). Premorbid social adjustment was positively correlated
with PANSS–N (r=0.248, P=0.0001).

Factor structure of PANSS

After the initial principal component analysis, only one item
(grandiosity) had a Kaiser–Meyer–Olkin value 50.5 and was
dropped. Four missing ratings in the total sample were replaced
with the means. Eight factors had eigenvalues greater than unity
and the Scree plot suggested a five-factor solution, in accordance
with other studies employing factor analysis on PANSS.24–26 The
Kaiser–Meyer–Olkin of sampling adequacy was 0.876 and the
five-factor solution explained 60.75% of the total variance.

The first factor (negative) was aligned to the seven items of the
PANSS–N and also to stereotyped thinking, social avoidance and
poor attention of the general scale. Factor 2 (activation) composed
of uncooperativeness, impulsivity, lack of judgement, hostility and
excitement. Factor 3 was termed ‘positive/disorganised’ and
included unusual thought content, disorientation, hallucinations
and disturbance of volition. Factor 4 (dysphoric) had high loading
for anxiety, somatic concern, depression, tension and guilt. Finally,
factor 5 (so-called ‘positive/delusional’) was a second positive
factor consisting of delusions, suspiciousness/persecution and
hallucinations. The pattern matrix after promax rotation is
presented in online Table DS1.

Familiality of symptom dimensions and clinical
characteristics

From 174 pair-wise comparisons, 42 pairs were concordant for the
paranoid subtype, 1 pair concordant for the disorganised subtype,
14 pairs concordant for catatonic subtype, 45 pairs concordant for
undifferentiated subtype, 2 pairs concordant for schizophreniform
disorder and 3 pairs concordant for schizoaffective disorder. The
agreement of subtype within pairs was significant (Table 2)
(k=0.43, P<0.0001).

Within 174 sib-pairs, the distribution of pairs by type at onset
was as follows: acute–acute=30 (expected value=15.6); sub-acute–
sub-acute=62 (expected value=55.5); chronic–chronic=7 (expected
value=3.1). The agreement of type at onset within pairs was signif-
icant (k=0.251, P50.0001). Age at onset and illness duration
showed significant correlation within pairs (age at onset: single
measure ICC=0.346, P50.0001; illness duration: ICC=0.349,
P50.0001).

Intraclass correlation coefficient analysis was performed to
assess within-family correlations for global functioning, psychotic
symptoms dimensions, aggression and premorbid characteristics.
A Bonferroni correction for multiple testing was used and alpha
was set at 0.006. From the original scales used, significant
within-family correlations between siblings were found for GAFS
score, PANSS–P, PANSS–G, PSST and marginally for PAS, but not
for PANSS–N and MOAS. Repetition of the analyses with the
regression residuals, after adjustment for age and gender, gave
similar results. As MOAS distribution departed substantially from
normality, we repeated the analysis with Spearman’s correlation,
which gave similar results. The analysis of the five factors derived
from PANSS produced highly significant within-family correl-
ations for the positive/disorganised, dysphoric and positive/
delusional factors, but not for the negative and activation factors
(Table 3).

Discussion

Schizophrenia is a highly heritable disorder, but the isolation of
susceptibility genes has proved difficult.27,28 Reasons for this
include locus heterogeneity, where different combinations of genes
of small effect act to increase risk in each individual, and misclas-
sification of the phenotype.29 One possible way to overcome the
limitations on gene mapping is to refine the phenotype so that
each individual susceptibility gene has a more direct relationship
with a measurable characteristic, such as a quantitative score for
a symptom dimension. For this to be successful, the symptom
dimensions must have a heritable genetic basis, which can be
explored through family, twin and adoption studies. Family
studies cannot estimate the extent of heritability, but intrafamilial
correlation between affected siblings or other relatives implies that
a trait is influenced either by genes or shared environment. The
latter is not thought to be important in schizophrenia.30 The iden-
tification of heritable quantitative traits may increase the power of
genetic studies substantially.

In 137 families with two or more siblings affected by schizo-
phrenia, using intraclass correlation coefficient analysis, we found
that global functioning (measured by GAFS), two sub-scales of the
PANSS (PANSS–P and PANSS–G, measuring positive symptoms
and global psychopathology), three factors derived from PANSS
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Table 2 Concordance of clinical subtype between sibling

pairs, showing the observed and expected agreementa

Concordant subtypes Count, observed (expected)

Paranoid 42 (26.1)

Disorganised 1 (0.023)

Catatonic 14 (2.89)

Undifferentiated 45 (27.3)

Residual 0 (0.01)

Schizoaffective disorder 2 (0.09)

Schizophreniform disorder 3 (0.28)

a. Overall within-pair correlation was significant at the P50.0001 level.
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(positive/disorganised, dysphoric and positive/delusional), pre-
morbid schizotypy measured by PSST, and age at onset all showed
evidence of familial aggregation. However, we did not find familial
aggregation for either aggressive behaviour (MOAS) or negative
symptoms (PANSS–N, i.e. blunted affect, emotional withdrawal,
poor rapport, passive social withdrawal, difficulty in abstract
thinking, lack of spontaneity and stereotyped thinking), negative
and activation factors. The premorbid social adjustment (PAS)
showed within sib-pair correlation of marginal significance after
Bonferroni correction.

Our finding that positive symptoms correlate significantly
between siblings contrasts with three previous studies of familial
aggregation of symptom dimensions, which did not show strong
familial aggregation for the positive dimension.7,15,16 However,
two earlier studies13,14 showed that all the symptom factors
(including positive) correlated in concordant siblings pairs. In
addition, a study on the familiality of first-rank symptoms has
showed that some of the nuclear symptoms (included in the
positive sub-scale of PANSS) have a degree of familiality.31

Our study, in agreement with two previous studies15,16 failed
to prove familial aggregation of the negative dimension. On the
contrary, Wicham et al7 observed that psychomotor poverty
exhibited the strongest familiality. In a recent study, comparing
the severity of PANSS factors between individuals with schizo-
phrenia with and without family history of schizophrenia, it was
found that the negative factor was higher among individuals with
a family history of schizophrenia.26 A smaller study,32 analysing
negative symptoms in 39 individuals with schizophrenia and 38
controls, and each of their siblings, suggested that core negative
symptoms of flattened affect and poverty of speech are not familial
markers of liability, consistent with our results and those of others.

Previous family and twin studies15,16,33 indicate that disorga-
nisation (positive formal thought disorder and/or inappropriate
affect/bizarre behaviour) may be the most familial and thus most
useful trait for genetic analysis. Our study differs in the clinical
measures and traits evaluated, as the principal measure of sub-
syndromes was the PANSS. Although PANSS is qualitatively simi-
lar to the Scale for the Assessment of Positive Symptoms34 and the
Scale for the Assessment of Negative Symptoms,35 it does not
incorporate the items of inappropriate affect and bizarre behav-
iour, which usually load for the disorganised factor. The estab-
lished sub-scales from the PANSS (positive symptoms, negative
symptoms and global psychopathology) do not include a separate

category for disorganisation. The conceptual disorganisation, dis-
orientation and disturbance of volition (probably related at var-
ious degrees with the disorganised dimension) gave the stronger
loading for the third factor, that was termed ‘positive/
disorganised’ because it incorporates also hallucinations and
unusual thought content. Our findings of the strongest intra-
familial aggregation for the positive/disorganised factor may be
partly accounted for by the strong familiality of the latent
disorganisation dimension. Our study did not have significantly
more power than previous studies, which analysed 10915 and
11416 sibling pairs and 61 mulitply affected families,7 compared
with our data on 137 families.

In our study, we identified significant co-aggregation of same
schizophrenia subtype within families. This is in agreement with
the observation by Kendler et al14 that latent classes correlated
within sib-pairs, but contrary to the results by Cardno et al,34

who found no intrafamiliar association of subtypes. The two
studies differ in that we used subtypes according to DSM–IV,
whereas Cardno et al allocated their participants to subtypes using
criteria from literature-based taxonomies.

Age at onset, illness severity measured with GAFS, type at onset
and duration of illness were found to correlate significantly within
sibling pairs, as suggested by the majority of previous
studies.13,14,36–38 Our observation that premorbid schizoid and
schizotypal traits are significantly correlated between sib-pairs is
in agreement with studies indicating that schizotypy is a familial
trait.39,40

Poor premorbid social adjustment appears to be correlated
with more severe premorbid schizoid and schizotypal traits and
more severe negative symptoms. This is in agreement with
Wickham et al,7 who found that psychomotor poverty was signif-
icantly related to poor premorbid functioning. In our sample,
more severe premorbid schizoid and schizotypal traits were
associated with more negative and general psychopathological
symptoms, and there was a trend for less positive symptoms.
Illness duration was only associated with negative symptoms. It
is likely that premorbid social adjustment may be an expression
of some deficit of early neurodevelopment, compatible with the
view of schizophrenia proposed by van Os et al,41 who suggested
that chronic negative cases are predicted by neurodevelopmental
impairment.

A number of studies have shown an earlier age at onset, poorer
premorbid psychosocial adjustment and greater risk for relapse
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Table 3 Intraclass correlation coefficient (ICC) analysis of clinical variables within sibling pairs

Intraclass correlation coefficient

Clinical variables Weighted sib-pairs ICCa P 95% CI

GAFS 147 0.33 0.0002 0.18 to 0.47

MOAS 152 0.03 0.36 70.13 to 0.19

PANSS

Positive 152 0.36 50.0001 0.21 to 0.49

Negative 152 0.05 0.256 70.10 to 0.21

General 152 0.38 50.0001 0.24 to 0.51

PSST 126 0.27 0.001 0.11 to 0.43

PAS 126 0.21 0.006 0.04 to 0.36

Factors derived from PANSS

Negative 146 0.06 0.235 70.10 to 0.22

Activation 146 0.03 0.380 70.14 to 0.19

Positive/disorganised 146 0.69 50.0001 0.59 to 0.76

Dysphoric 146 0.35 50.0001 0.20 to 0.48

Positive/delusional 146 0.43 50.0001 0.29 to 0.55

GAFS, Global Assessment of Function Scale; MOAS, Modified Overt Aggression Scale; PANSS, Positive and Negative Symptom Scale; PAS, Premorbid Adjustment Scale; PSST,
Premorbid Schizoid and Schizotypal Traits.
a. Single measure ICC reported.
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among men. Interestingly, in our sample of 291 Han Chinese
people with schizophrenia, we found no difference between men
and women regarding age at onset, premorbid psychosocial
adjustment and clinical performance.

There are a number of limitations of this study. The partici-
pating families were not ascertained epidemiologically but as part
of a molecular genetic study and may therefore be subject to
ascertainment bias such as the selection of more severe cases
because psychiatric hospital case records were used for recruit-
ment. The raters were masked to the purpose of this study, but
the same rater interviewed both siblings so was not masked to
the data on the first sibling when interviewing the second. This
might have inflated within-family correlations. To minimise this
problem, several cases were rated by both interviewers and a good
interrater reliability was established. In addition, there was no
systematic assignment of raters to families, but interviews were
instead performed on an opportunistic basis. These factors could
potentially affect sibling correlations. We have performed a number
of statistical tests, and so caution in interpreting P values is required.
We have adopted a conservative Bonferroni adjustment to P values
to control for this.

As in most other genetic studies of psychosis, the data in the
study was not collected prospectively and this may underestimate
the occurrence of psychotic symptoms, reducing the evidence for
sibling correlation. By rating worse episode symptoms it is
possible that negative symptom severity were less accurately
recorded because they are possibly less memorable and this may
have affected the familiality estimates of the negative factor. For
this reason, clinical examination was corroborated by case notes
and interviews with treating psychiatrists. In addition, negative
symptoms, though less memorable, are more enduring and can
be detected even subsequent to an episode of psychosis. The
retrospective rating of premorbid adjustment and personality
may have been affected by memory biases or symptoms present
at the time of the interview. Results concerning premorbid traits
should be interpreted in the light of this limitation.

It is possible that the sibling correlations we observed arose
from genetic variance in traits that are not directly related to
schizophrenia liability (siblings are genetically similar and will
tend to be concordant for a wide range of traits of all types). How-
ever, the traits and symptoms we examined are characteristic of
schizophrenia and thus likely to be aetiologically important. In
spite of these limitations, this study offers evidence that several
dimensions of psychosis show strong intrafamilial correlation in
a sample of non-European individuals. The findings can be used
for more accurate characterisation of the phenotype in future
genetic studies in Asian populations.
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