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AbSTRACT

Introduction Although cognitive subtypes have been suggested in schizophrenia patients, 
similar analyses have not been carried out in their unaffected siblings. Subtype classification 
may provide more insight into genetically driven variation in cognitive function. We 
investigated cognitive subtypes in siblings. Methods Cluster analyses were performed in 
654 unaffected siblings, on a cognitive battery that included tests of attention, intellectual 
function, and episodic memory. Resulting subtypes in the siblings were analyzed for 
cognitive, demographical, and clinical characteristics and compared with that of their 
proband. Results Three sibling subtypes of cognitive function were distinguished: ‘normal’, 
‘mixed’, and ‘impaired’. Normal profile siblings (n=192) were unimpaired on cognitive tests, in 
contrast to their proband (n=184). Mixed profile siblings (n=228) and their probands (n=222) 
had a more similar performance pattern. Impaired profile siblings had poorer functional 
outcomes (n=234), and their profile was almost identical to that of their proband (n=223). 
Probands with cognitively impaired siblings could be distinguished from other schizophrenia 
patients by their own cognitive performance. They also had poorer clinical characteristics, 
including achievement of symptomatic remission. discussion Unaffected siblings of patients 
with schizophrenia are heterogeneous with respect to cognitive function. The poorer the 
cognitive profile of the sibling, the higher the level of correspondence with the proband. The 
sibling’s cognitive subtype was predictive for disease course in the proband. Distinguishing 
cognitive subtypes of unaffected siblings may be of relevance for genetic studies.
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1. INTROdUCTION

Cogniti ve impairments are a core feature of schizophrenia, and have been found in several 
domains, including verbal learning and memory, working memory, and processing speed 
(Palmer et al., 2009). These impairments are known to substanti ally contribute to functi onal 
disability (Green, 1996). Although nearly all pati ents with schizophrenia display a decrement 
in cogniti ve functi on (Keefe et al., 2005), there is no cogniti ve profi le that is characteristi c 
or unique for schizophrenia (Robbins, 2005). Several studies have disti nguished cogniti ve 
subtypes, suggesti ng that the heterogeneity of schizophrenia may be reducible to more 
homogeneous subtypes (Joyce and Roiser, 2007). Some of the subtypes observed in pati ents 
displayed selecti ve impairments (e.g. verbal learning and memory), whereas others were 
characterized by impairments across multi ple cogniti ve domains (Bruder et al., 2004). 
Subtypes can be of importance in the search for the underlying pathophysiological pathways 
to schizophrenia. Indeed, evidence emerging from imaging and geneti c studies may indicate 
the existence of cogniti ve subtypes (Chow et al., 2006; Lin et al., 2009; Liu et al., 2008). 

Cogniti ve alterati ons have also been consistently reported in unaff ected siblings of 
schizophrenia pati ents (Gur et al., 2007; Sitskoorn et al., 2004; Szöke et al., 2005). This 
indicates that the cogniti ve impairments in schizophrenia cannot be solely att ributed 
to the infl uence of disease-related factors, such as psychoti c episodes, hospitalizati on, 
unemployment, or medicati on eff ects. Rather, cogniti ve alterati ons may be a marker of 
geneti c risk for schizophrenia (Toulopoulou et al., 2007). 

We therefore considered it would be interesti ng to know whether there are also 
cogniti ve subtypes in siblings of schizophrenia pati ents, and whether these correspond with 
the subtype seen in the pati ent relati ve. There are indicati ons that siblings are indeed a 
heterogeneous group with respect to cogniti on (Kéri and Janka, 2004; Meijer et al., 2012). 

Some studies found only a minority of siblings met the criteria for cogniti ve impairment (Kéri 
and Janka, 2004), while others reported larger diff erences between siblings and controls 
(Szöke et al., 2005). It is thus conceivable that studying cogniti ve subtypes in siblings might 
result in profi les of siblings being similar to those found in probands. Since unaff ected 
siblings are at higher than average geneti c risk for psychoti c disorder, they are also at 
signifi cant risk of developing subclinical expressions of liability for the disease. Identi fying 
cogniti ve subtypes of siblings and comparing them with their probands may off er a useful 
assessment of the state of health in these siblings and the likelihood for their developing 
psychoti c disorder. 

We aimed fi rstly to identi fy cogniti ve subtypes in the unaff ected siblings of schizophrenia 
pati ents and, secondly, to investi gate whether these subtypes are associated with cogniti ve 
impairments and clinical symptoms in the proband. The study was performed within the 
framework of the Geneti c Risk and Outcome of Psychosis (GROUP) project, a large, Dutch, 
longitudinal study that aims to investi gate vulnerability and resilience factors for variati on in 
the expression and course of non-aff ecti ve psychoti c disorder (Korver et al., 2012). 
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2. METhOdS

2.1 Participants
There were 1064 patients (probands), 1,057 unaffected siblings, and 590 unrelated healthy 
controls participating in the GROUP study. An overview of the study objectives, sample 
characteristics, assessments, and recruitment methods has been described elsewhere 
(Korver et al., 2012). For the current study, inclusion criteria for the controls, siblings, and 
patients were: age between 16 and 50 years old, being fluent in Dutch, and absence of 
substance disorder. Exclusion criteria for the controls and siblings were: presence of a 
psychotic disorder, and non-completion of the cognitive battery. For the controls, the 
presence of a non-affective psychotic disorder in a first-degree relative was also an exclusion 
criterion. This resulted in 499 controls, 915 siblings, and 908 patients being included in our 
study. We later limited the analyses to one sibling per family (see Methods 2.4.3).

2.2 Cognitive assessment
Task selection was based on cognitive domains that have been shown to be impaired in 
schizophrenia (Nuechterlein et al., 2004). The cognitive battery has been described in 
detail elsewhere (Meijer et al., 2012). For the current study, we decided to focus on the 
neurocognitive (or non-social cognitive) measures. In addition, based on an earlier study, 
we selected the measures with the most significant results. For attention and vigilance, 
the Continuous Performance Test – HQ was administered. An efficiency score ([accuracy/
reaction time] x 1000) was created, in which accuracy was measured as the total number 
of hits (range 0-28) minus the total number of errors (range 0-28), divided by 28. If this 
calculation of accuracy was non-positive (i.e. the number of errors equaled or exceeded the 
number of hits), then the accuracy was set equal to 0.005. This score was referred to as ‘CPT 
performance’. Intra-individual variability in reaction time (Hilti et al., 2010) on the CPT was 
also evaluated (‘CPT variance’), using the standard deviation score of the subject’s mean 
response time on the hit trials. The short form of the Wechsler Adult Intelligence Scale – III 
was assessed for an indication of intellectual functioning, and included the following tests: 
‘Block Design’, ‘Digit Symbol’, ‘Arithmetic’ and ‘Information’ (Blyler et al., 2000). Recent 
studies have shown that Digit Symbol also requires aspects of executive function (Dickinson, 
2008). The Information task can be regarded as a ‘hold’ task, relatively resistant to the 
influence of psychosis. Finally, the Word Learning Task (WLT), was included as a measure of 
episodic memory (Brand and Jolles; 1985). For the WLT, ‘Immediate recall’ was based on the 
total number of items reproduced correctly after three consecutive trials; ‘Delayed recall’ 
was assessed after a 20-minute delay. 

2.3 demographical, functional, and clinical assessments 
In the GROUP project, current clinical diagnoses were obtained using either the Schedules 
for Clinical Assessment in Neuropsychiatry (SCAN), or the Comprehensive Assessment 
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for Symptoms and History (CASH) (Andreasen et al., 1992; Wing et al., 1990). Educati onal 
degree was evaluated according to the methods of Verhage (Verhage, 1964). The percentage 
of subjects having had special educati on was also recorded. For functi onal outcome, the 
Sociodemographic Schedule and CASH were used to evaluate residenti al independence, 
fi nancial responsibility, and enjoyment of social benefi t. Overall level of premorbid 
functi oning was evaluated using the Premorbid Adjustment Scale (PAS) (Cannon-Spoor 
et al., 1982). Lifeti me frequency of subclinical psychoti c symptoms was measured using 
the Community Assessment of Psychic Experiences (CAPE) (Brenner et al., 2007). Positi ve 
and negati ve symptoms of schizotypy were evaluated using the Structured Inventory for 
Schizotypy – Revised (SIS-R) (Vollema and Ormel, 2000). For pati ents, the current symptom 
severity was measured with the 30-item Positi ve And Negati ve Syndrome Scale (Kay et al., 
1987). Each item is scored on a scale ranging from 1 (absent) to 7 (extreme), incorporati ng 
their behavioral eff ect as well as their severity. For this study, we used severity of positi ve, 
negati ve and disorganizati on symptoms from the 5-factor structure (Lançon et al., 2000). 
Remission was evaluated cross-secti onally, using the PANSS remission items (Andreasen et 
al., 2005). Other clinical variables for pati ents were number of psychoti c episodes, age at 
onset of psychosis, dosage of anti psychoti c medicati on, and the Social and Occupati onal 
Functi oning Assessment Scale (SOFAS).

2.4 Stati sti cal Analysis

2.4.1 Descripti ves
The main characteristi cs for the controls, siblings and pati ents sati sfying the inclusion and 
exclusion criteria were compared on all variables. Linear mixed models were applied on all 
numerical variables to test for similarity between the three groups, with family representi ng 
the random eff ect. The method of maximum likelihood was used to esti mate the model 
parameters. For gender and diagnosis, Pearson’s chi-square stati sti cs was used to test 
diff erences between groups. For ethnicity, the same test was used but based on the family. 
For special educati on and functi onal outcome, a logit model was applied with Generalized 
Esti mati ng Equati ons (GEE), using an exchangeable working matrix to control for possible 
correlati on between family members. The Wald chi-square stati sti cs was used for testi ng 
diff erences between groups. If these were signifi cant, contrast statements were executed to 
investi gate the pair-wise diff erences between groups. 

2.4.2 Normalizati on of cogniti ve scores
The cogniti on measures were standardized as follows: for the control group a linear 
regression analysis per cogniti on variable was performed to establish a linear relati onship 
between the cogniti on measures and age, separately for males and females. Based on 
this model, a predicted score for each subject was determined and subtracted from the 
observed score to obtain an age- and gender-corrected diff erence score. This score was 
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divided by the standard deviation from the control sample to determine a z-score for each 
subject on each cognitive measure. 

2.4.3 Cognitive subtypes in siblings
Before cognitive subtypes were established in line with procedures for cluster analyses 
described by Everitt (2011), siblings were selected at random to exclude multiple siblings 
from the same family and to make ethnicity comparable between siblings and controls. 
Furthermore, Spearman rho’s correlation coefficients were determined between the 
cognitive measures in the selected sibling population to investigate if all the cognitive 
measures contributed information. 

For this study, we used hierarchical cluster analysis to evaluate the number of clusters 
and to select the initial starting values for the K-means clustering. The hierarchical clustering 
was based on the nearest neighbor principle. In a dendogram, the nearest observations are 
placed together as leaves in a tree structure and the stem of the dendogram indicates the 
size of the difference between clusters. From left to right, additional branches represent 
divisions within clusters. As mentioned in earlier schizophrenia studies (Cobia et al., 2011), 
large stems may help to identify the number of clusters visually. However, Everitt argues that 
this approach is still subjective (Everitt, 2011). Therefore, the objective approach of Duda 
and Hart (see Everitt, 2011) was applied to determine the significance of a division from one 
group into two groups in the dendogram starting from the right (one possibly homogeneous 
group of subjects), using the following formula:

with  J 21   the within sum of squares of the combined group,  J 22   the sum of the two within 
sum of squares of the two clusters, nm the number of subjects in the combined group, p 
and  the number of cognitive measures. The stopping rule was set at the level of a normal 
percentile (L(m) = 2.58, which responds to a (two-sided)-significance level of α = .01), leading 
to a number of clusters. 

For the K-means clustering, the Ward method was used, based on pair-wise and 
Euclidean distances. This clustering method aims to partition n observations into k clusters, 
in which each observation belongs to the cluster with the nearest mean. Instead of the 
means, the median scores from the hierarchical cluster analysis were used as centroids in 
a K-means cluster analysis. The subtypes for siblings that were obtained with the clustering 
strategy were evaluated by comparing demographical and clinical variables using analysis of 
variance (ANOVA) and the Pearson chi-square statistic.
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2.4.4 Proband subtypes based on siblings’ deduced cogniti ve subtype
Probands were compared based on the subtype of their unaff ected sibling. Diff erences and 
correlati ons between siblings and their probands were investi gated using paired t-tests 
and Spearman rho, respecti vely. Finally, diff erences in all observed variables between the 
subtypes deduced for the probands were investi gated using ANOVA and Pearson chi-square 
stati sti cs. 

All tests were two-sided at the signifi cance level of α=.05. In the case of multi ple 
testi ng, Bonferroni correcti ons were applied. Stati sti cal analyses were performed using 
SPSS 18.0. Eff ect sizes were used to evaluate the clinical magnitude of the standardized 
mean diff erences between the subject groups on cogniti ve performances (Cohen, 1988). 
They were considered small when z-score diff erences between the studied groups exceeded 
0.2. Diff erences ≥ 0.5 were considered moderate eff ect sizes, and diff erences ≥ 0.8 were 
considered large. 

3. RESUlTS 

3.1 descripti ves
Mixed models were used to compare the groups of subjects meeti ng the inclusion criteria 
(pati ents N=908, siblings N=915, and controls N=499). All main eff ects were found to be 
signifi cant (p<.001), except for diagnosis other than mood disorder. Pair-wise comparisons 
revealed that diff erences were signifi cant between pati ents and controls, except for the 
Informati on subtest. On a number of measures, siblings displayed poorer scores than 
controls. The data are presented in Supplementary Table S1. 

3.2 Cogniti ve subtypes in siblings 
Aft er randomly selecti ng one sibling per family and aligning ethnic diff erences between 
controls and siblings, we had data on 654 siblings for the cluster analyses. When we 
compared their cogniti ve performances with those of the original, full sibling group, the mean 
diff erences were negligible (with the largest diff erences being 1% for CPT performance). 
Correlati ons between cogniti ve performances of the 654 siblings were signifi cant for most 
variables (see Supplementary Table S2). 

Three subtypes were found using hierarchical cluster analysis for siblings (Supplementary 
Figure S1). The median values for each of these subtypes were used as starti ng points or 
centroids in the K-means analysis. Seventeen iterati ons were required for the K-means 
clustering to converge to a stable set of three clusters in the siblings. Subtype 1 consisted 
of 192 siblings (29%) and their z-scores for the cogniti ve measures were all in the normal 
range. This subtype was labeled ‘normal profi le’. Subtype 2 consisted of 228 siblings (35%). 
Their performances were more variable, with z-scores ranging from -0.8 (Immediate recall) 
to 0.4 (Block design). This subtype was labeled ‘mixed profi le’. Subtype 3 consisted of 234 
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siblings (36%) and z-scores ranged from -0.4 (CPT performance) to -1.3 (Information). As 
many of the z-scores fell in the impaired range, this subtype was labeled ‘impaired profile’. 

When the subtypes were compared, the mean values were found to be significant 
on all cognitive measures (p<.001). On CPT performance, CPT variance, Information, and 
Digit symbol, normal profile siblings had better scores than mixed profile siblings, who in 
turn had better scores, than impaired profile siblings. On Block design and Arithmetic, the 
performances of mixed profile siblings were better, but not significantly different from those 
of normal profile siblings. On Immediate and delayed recall, the performances of mixed 
profile siblings were poorer, but not significantly different from impaired profile siblings. 

Next, differences between cognitive subtypes were significant with regard to age, 
education, ethnicity, functional outcome, PAS overall score, and SIS-R positive symptoms. 
Siblings with an impaired profile were younger, less well educated, and they had poorer 
functional outcomes than those with a mixed or normal profile. Differences between normal 
profile and mixed profile siblings were significant only with respect to highest educational 
degree, and estimated IQ. No significant differences were found on the CAPE. The data are 
given in Table 1.

Table 1. Characteristics, main effects and pair-wise comparisons for the three unaffected sibling subtypes (N = 654)

Variable / group
Sibling subtype 
‘normal 
profile’ 

Sibling subtype 
‘mixed
 profile’ 

Sibling subtype 
‘impaired 
profile’ 

Overall group 
differences

Pair-wise 
group 
comparisons

n = 192 n = 228 n = 234

Age 28.7 (8.0) 27.4 (8.0) 26.5 (8.8) F=3.5, p=.029 1,2,3; 3<1
Gender, % male 55 43 41 χ=9.2, p=.010

Educationa

  Highest degree (Verhage)
  Special, %

5.9 (1.9)
2

5.3 (2.0)
3

4.0 (2.0)
11

F=49.6, p<.001
χ=22.7, p<.001

1,2,3; 3<2<1

Ethnicity, % Dutch 93 93 84 χ=13.3, p=.001

IQ, estimatedb 114 (13) 109 (11) 87 (7) F = 414.5, p<.001 1,2,3; 3<2<1

Functional outcome,
  Residential independence, % 69 72 59 χ=9.4, p=.009
  Financially responsible, % 75 74 59 χ=12.1, p=.002

  Social Benefit, % 2 3 7 χ=4.2, p=.122

PASc, overall score 1.0 (0.6) 1.0 (0.7) 1.3 (0.6) F=7.8, p<.001 2,1,3; 3<1

SIS-Rd

  Positive
  Negative

0.4 (0.4)
0.3 (0.3)

0.3 (0.4)
0.2 (0.2)

0.4 (0.5)
0.3 (0.3)

F=2.9, p=.054
F=1.7, p=.182

2,1,3; 3<2

Diagnostic
  Mood disorder, %
  Other disorder, %

9
1

11
2

11
1

χ=0.3, p=.842
χ=1.3, p=.517

aEducation (Verhage): range 0 (primary school not finished), 3-5 (school diploma) to 8 (university degree);  bIQ, 
estimated: Wechsler Adult Intelligence Scale III, short form; cPAS: Premorbid Adjustment Scale; dSIS-R: Structured 
Inventory for Schizotypy, revised. For the PAS and SIS-R, higher scores reflect poorer outcomes.
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3.3 Proband subtypes based on siblings’ deduced cogniti ve subtype
The cogniti ve subtypes in siblings were used for comparison with their proband. Diff erences 
on cogniti ve variables between normal profi le siblings and their probands were highly 
signifi cant on all variables (Figure 1a). On all measures, the siblings had bett er scores. 
Eff ect sizes were moderate to large, with the largest diff erences being observed for Digit 
Symbol, and Immediate and Delayed recall (eff ect size > 1.2). Diff erences on cogniti ve 
variables between mixed profi le siblings and their probands were signifi cant with respect 
to all variables (Figure 1b). Again, siblings had bett er scores on all measures. Eff ect sizes 
were small for Informati on and Immediate- and Delayed recall. For the other measures, the 
eff ect sizes were moderate to large. Diff erences on cogniti ve variables between impaired 
profi le siblings and their probands were signifi cant for all variables, except for Block Design 
and Arithmeti c. On Informati on, probands had bett er scores than their sibling. On the 
other variables with signifi cant eff ects, siblings had higher scores than their probands, 
but all eff ect sizes were in the small range (Figure 1c). Diff erences on cogniti ve variables 
between impaired profi le siblings and their probands were signifi cant with respect to CPT 
performance, CPT variance, Digit Symbol (all p<.001), and Immediate recall (Figure 1c). 
Correlati ons between the siblings and their probands were signifi cant for the overall groups 
on all cogniti ve variables. However, correlati ons did not clearly discriminate between the 
cogniti ve subtypes (Supplementary Table S3).

Figure 1a. Siblings with a normal cogniti ve profi le and their probands (*p < .05; **p < .01; ***p < .001) 
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Figure 1b. Siblings with a mixed cogniti ve profi le and their probands (*p < .05; **p < .01; ***p < .001) 
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Figure 1c. Siblings with an impaired cogniti ve profi le and their probands (*p < .05; **p < .01; ***p < .001)
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Furthermore, probands were compared on cogniti ve measures and other variables, based 
on the induced profi le from their unaff ected sibling. Diff erences between pati ents on the 
cogniti ve variables were highly signifi cant on all measures (p<.005). Pair-wise comparisons 
revealed that probands with siblings with an impaired profi le also performed less well on 
all measures. The diff erences between mixed and normal profi les were all non-signifi cant. 
On other demographical and clinical variables, diff erences were signifi cant for educati on, 
residenti al independence, symptomati c remission, age at illness onset, and dosage of anti -
psychoti c medicati on. The directi on of eff ects was similar, in that probands with siblings 
with an impaired profi le had worse scores than the other pati ents. The other two induced 
subtypes had similar scores. The data are shown in Table 2. 

Table 2. Characteristi cs, main eff ects and pair-wise comparisons for pati ents (N = 576), based on the sibling’s 
deduced profi le

Variable / group
Subtype 
‘normal 
profi le’ 

Subtype 
‘mixed 
profi le’

Subtype 
‘impaired 
profi le’ 

Overall group 
diff erences

Pair-wise 
comparisons

n = 184 n = 132 n = 164

Age 27.8 (7.2) 26.8 (6.9) 26.1 (7.5) F = 2.9, p = .056

Educati ona, 
    Highest degree (Verhage)
    Special, %

4.5 (1.8)
11

4.3 (2.0)
11

3.6 (2.0)
18

F = 12.5, p<.001
χ = 6.1, p = .047

1,2,3; 3<1

Gender, % male 79 77 78 χ = 0.2, p = .925

Ethnicity, % Dutch 93 91 82 χ = 14.9, p = .001

IQ, esti matedb 98 (15) 98 (15) 88 (14) F = 34.3, p<.001 2,1,3; 3<1 

Functi onal outcome,

   Residenti al independence, % 49 46 35 χ = 8.9, p = .012

    Financially responsible, % 57 54 46 χ = 4.9, p = .087

    Social Benefi t, % 52 53 53 χ = 0.8, p = .960

    SOFASc 55.6 (15.3) 56.0 (16.9) 53.2 (16.1) F = 1.9, p = .149

PASd, overall score 2.0 (0.9) 2.0 (0.9) 2.1 (0.9) F = 1.4, p = .246

Psychosis,
    Episodes, N
    Age at onset

1.8 (1.2)
23.1 (6.7)

1.8 (1.1)
21.7 (6.6)

1.8 (1.2)
21.3 (6.8)

F = 0.1, p = .933
F = 3.8, p = .024 1,2,3; 3<1

Anti psychoti cs, Haldol equiv. 6.6 (4.5) 7.5 (4.7) 8.2 (5.9) F = 3.3, p = .038 1,2,3;3<1

PANSSe,
    Positi ve
    Negati ve
    Disorganizati on
    Remission, %

13.8 (6.5)
14.9 (6.2)
16.1 (5.4)
50

15.0 (6.6)
15.6 (6.9)
17.1 (6.1)
44

13.3 (6.5)
14.9 (6.4)
16.5 (6.4)
38

F = 2.5, p = .080
F = 0.5, p = .611
F = 1.2, p = .315
χ = 6.3, p = .042

aEducati on (Verhage): range 0 (primary school not fi nished), 3-5 (school diploma) to 8 (university degree); bIQ, 
esti mated: Wechsler Adult Intelligence Scale III, short form; cSocial And Occupati onal Functi oning Assessment 
Scale; dPAS: Premorbid Adjustment Scale; ePANSS: Positi ve And Negati ve Syndrome Scale. For the PAS and PANSS, 
higher scores refl ect poorer outcomes.
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A summary of all the study findings has been provided in Supplementary Table S4.

4. dISCUSSION

We investigated cognitive subtypes in unaffected siblings of schizophrenia patients, their 
characteristics, and the relationship with their probands’ cognitive impairments and clinical 
characteristics. In line with earlier studies (Braff et al., 2007), we demonstrated that siblings 
could be distinguished as an intermediate group between controls and patients. However, 
using cluster analysis, we found evidence of three cognitive subtypes in siblings: one subtype 
quite similar to the controls, one subtype with mixed performance, and one subtype 
impaired on almost all cognitive measures and resembling their proband. To the best of 
our knowledge, this is the first study demonstrating cognitive heterogeneity in siblings of 
schizophrenia patients that can reliably be clustered into three groups. 

The subtype categories were roughly equal in sample size and were labeled ‘normal’, 
‘mixed’, and ‘impaired’. The results show that sibling subtypes not only differ with respect to 
level of performance (e.g. normal vs impaired), but also in their pattern. The mixed profile 
siblings showed poorer performances for Episodic memory and Digit symbol and better 
performance for Block design. This may mirror patterns in patients with schizophrenia who 
have been shown to display more severe impairments for Digit symbol and measures of 
Episodic memory, against a background of less severe impairments (Palmer et al., 2009; 
Dickinson, 2008). Siblings in the impaired group had the poorest cognitive profile, and 
the most unfavorable scores for demographic and clinical characteristics (Table 2 and 
Supplementary Table S4). This increased expression of cognitive endophenotypes in certain 
subtypes may be of relevance for genetic and imaging studies. Such studies may wish to take 
into account the different subtypes, or limit their analysis to one subtype (e.g. the impaired 
subtype) which may be most relevant to schizophrenia. 

Not all profiles of sibling subtypes showed similarities with the profile of their proband. 
Siblings with a normal profile and their probands differed most (Figure 1a). Large effect 
sizes were found for Digit symbol and measures of Episodic memory. Probands with normal 
profile siblings performed within the normal range, when using a difference of 1 standard 
deviation with the control group as a cut-off point. Still, it can be argued that these probands 
have a certain cognitive decrement, given the large differences with their unaffected family 
member. This is in line with the notion by Keefe et al. that nearly all patients with schizophrenia 
or related disorders show cognitive decrement (Keefe et al., 2005). The profiles of the mixed 
profile siblings and their probands were more closely related (Figure 1b), while for impaired 
profile siblings and their probands, the differences were even smaller (Figure 1c). These 
findings suggest that there is an increasing overlap between siblings and their probands 
from normal profile to impaired profile. Thus, the poorer the profile of the sibling, the more 
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it corresponds to that of the aff ected family member. In contrast, siblings with a normal 
profi le were more similar to controls. This observati on raises the questi on whether siblings 
should truly be viewed as an intermediate group between pati ents and controls. Future 
studies should be able to investi gate the underlying environmental and geneti c factors 
which can explain why siblings of schizophrenia pati ents fi t into certain cogniti ve subtypes. 

A number of studies have found cogniti ve subtypes in pati ents with specifi c impairment 
profi les (Joyce and Roiser, 2007). In this study, using the sibling subtype to characterize their 
proband resulted in only two disti nguishable pati ent groups. Probands with normal and 
mixed profi le siblings were roughly similar with respect to their cogniti ve performances. 
However, probands with impaired siblings did show a diff erent profi le from those with 
siblings of normal and mixed subtypes. These diff erences were not only found with respect 
to cogniti on, but also in demographic and clinical characteristi cs (Table 2 and Supplementary 
Table S4). Probands with impaired siblings were less likely to be in remission, became ill at 
a younger age, and were prescribed higher dosages of medicati on although the severity of 
their clinical symptoms was similar to that of the other pati ents. This may refl ect a poorer 
course of the illness. Indeed, earlier studies in schizophrenia pati ents have shown cogniti ve 
impairment to be predicti ve for the course of the illness (Dickerson et al., 1999). So far, no 
studies have shown a relati onship between certain cogniti ve subtypes of siblings and the 
course of illness in their proband. We do not know whether our fi nding can be explained by 
similariti es in geneti c loading between aff ected and unaff ected siblings. In additi on, there 
may be diff erences in their geneti c profi les. We speculate that, compared to normal and 
mixed profi le siblings, the siblings with cogniti ve impairment have inherited a larger number 
of geneti c variants associated with schizophrenia. Further studies are needed to test these 
hypotheses.

Using cogniti ve subtypes in siblings may also provide insight into those subjects at higher 
risk for psychosis. Siblings with an impaired profi le were more oft en from an ethnic minority, 
and they had poorer levels of premorbid adjustment. Their probands not only had a similar 
cogniti ve profi le, they were also more severely ill. We do not know why these siblings 
had not developed a psychosis in the past, although several factors may be responsible. 
First, psychosis is likely to be triggered by a combinati on of risk factors, of which cogniti ve 
impairment is but one. Indeed, impaired siblings also showed higher scores on positi ve 
schizotypal symptoms. There may also be protecti ve factors preventi ng the siblings from 
making the transiti on to psychosis. The majority of these siblings (> 60%) were female. 
Estrogen in females has been hypothesized to have a protecti ve and anti psychoti c-like eff ect 
in women at risk for a future psychosis (Riecher-Rössler, 2002). Since levels of estrogen drop 
in women aft er age of 40, late-onset psychosis is more likely for females (Vahia et al., 2010). 
Future studies are needed to determine whether cogniti vely impaired siblings are indeed 
more prone to developing psychosis.
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The strengths of our study include the large sample size of siblings (and patients), the 
inclusion of a control group, the assessment of a comprehensive battery, and the methods 
used to assess the number of clusters. There have been no earlier schizophrenia studies 
that have used a method such as described by Duda and Hart, to evaluate the number of 
clusters objectively (Duda et al., 1973). In addition, the cognitive performances in siblings 
were corrected for age and gender, and populations were matched on ethnicity. This makes 
it less likely that the study findings were biased by demographical variables. 

A number of limitations should also be mentioned. First, there is the selection of siblings. 
In the case of multiple siblings participating in the study, only one of them was included in 
the cluster analysis. This resulted in the exclusion of a number of participants. However, we 
decided the use of independent subjects would be the best strategy here. Since family 
members have cognitive similarities, including multiple siblings from one family would 
likely have an effect on the clustering results, with some observations being more strongly 
weighted than others. Second, educational degree was not used to normalize the cognitive 
scores. Parental educational degree may be a good proxy to evaluate how far the expected 
level of cognitive performance differs from the level of observed performance. Third, the 
cognitive battery was comprehensive, but not complete. It did not include a measure of 
verbal fluency. In addition, two other measures of (neuro)cognition assessed in the GROUP 
study were not included in the current study: the Response Set-shifting Task, and the 
Benton Facial Recognition Task. When we added these measures in a clustering analysis 
retrospectively, these did not show to explain additional variance. Therefore, we suggest 
that the measures that we did include in our cluster analysis were of most significance. 

In conclusion, our results revealed that siblings of schizophrenia are cognitively 
heterogeneous, and that dividing siblings into three, more homogeneous, subtypes may 
well have scientific and clinical relevance. Cognitive profiles between siblings and their 
probands tended to be more congruent if the sibling has a relatively poor cognitive profile. 
This increased expression of endophenotypes in certain subtypes may be of importance for 
genetic and imaging studies, the development of pharmacological drugs, and possibly for 
predicting which siblings are at risk of psychosis. 
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SUPPlEMENTARy dATA

Supplementary Table S1. Comparison of characteristi cs for controls, siblings and pati ents*

Group Main eff ects

Variable / group Controls
(N = 499)

Siblings 
(N = 915)

Pati ents
(N = 908)

All groups
F

Age
Gender, % male
Educati ona,
    Highest degree (Verhage)
    Special, %
Ethnicity, % Dutch
IQ, esti matedb

Functi onal outcome,
    Residenti al independence, %
    Financially responsible, %
    Social benefi t, %
PASc, Overall score
SIS-Rd

    Positi ve
    Negati ve
CAPEe

    Positi ve 
    Negati ve
    Depression
Diagnosti c
    % Psychosis
    % Mood
    % Other
Cogniti ve Performance
    CPT performancef

    CPT variance (ms)g

    Block Designh

    Digit Symboli 
    Arithmeti cj  
    Informati onk

    Immediate recalll

    Delayed recallm

29 (10)*

48*

5.4 (1.8)
3

91
107

67
72

2
1.1 (0.6)

0.3
0.2

0.2 (0.2)
0.5 (0.3)
0.6 (0.3)

-
7
1

246 (55)
73 (28)
47 (14)
84 (14)

15 (4.0)
19 (4.7)
29 (5.3)
10 (2.7)

28 (8)
45

5.1 (2.1)
6

82
104

67
72

6
1.1 (0.7)

0.4
0.3

0.2 (0.2)
0.6 (0.4)
0.6 (0.4)

 
   -
11

1

244 (58)
76 (28)
45 (15)
79 (15)

14 (4.5)
17 (5.3)
27 (5.7)

9 (2.6)

27 (7)
77

4.0 (2.1)
13

-
97

44
53
53

2.0 (0.9)

-
-

0.7 (0.5)
1.0 (0.5)
1.0 (0.6)

100
-
-

221 (62)
92 (36)
41 (17)
65 (16)

12 (4.8)
17 (5.5)
23 (6.1)

8 (2.9)

14*I

χ  = 222*II

104*I

χ  = 65*I

χ  = 21*

175*I

χ  = 134*II

χ  = 89*II

χ  = 435
361*II

47
35

477*II

346*I

189*II

-
χ  = 6

χ  = .4

45*II

93*II

36*I

340*I

89*I

28*III

198*I

157*I

*Table presents  means (SD) or numbers (in %); aEducati on (Verhage): range 0 (no educati on), 3-5 (school diploma) 
to 8 (university degree);  bIQ: Wechsler Adult Intelligence Scale-III (WAIS-III),  short form; cPAS: Premorbid 
Adjustment Scale; dSIS-R: Structured Inventory for Schizotypy – Revised; eCAPE: Community Assessment for 
Psychic Experiences; fCPT performance: Conti nuous Performance  Test HQ, performance index, gCPT variance 
(ms): CPT-HQ variance in reacti on ti me (ms); hBlock Design: WAIS-III Block Design; iDigit Symbol: WAIS-III Digit 
Symbol Substi tuti on Test; jArithmeti c: WAIS-III Arithmeti c; kInformati on: WAIS-III Informati on; lImmediate recall: 
Word Learning Task (WLT) immediate recall; mDelayed recall: WLT Delayed recall. For the PAS, higher scores refl ect 
poorer  premorbid adjustment. *I Main eff ect signifi cant, and pair-wise comparison between controls, siblings, and 
pati ents signifi cant, *II Main eff ect signifi cant, and pair-wise comparison between controls vs pati ents, and between 
siblings vs pati ents signifi cant, *III Main eff ect signifi cant, and pair-wise comparison between controls vs siblings, 
and controls vs pati ents signifi cant. 
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Supplementary Table S2. Correlations between cognitive measures (β) for the unaffected siblings (n = 654).

Cognitive Variable

Cognitive Variable CPT 
performance

CPT 
variance

block 
design 

digit 
Symbol

Arith-
metic Information Immediate 

Recall
delayed 
Recall

CPT performance - .44** 0.03 0.17** 0.06 0.07 0.12** 0.09*

CPT variance - 0.13** 0.24** 0.13** 0.08* 0.17** 0.16**

Block Design - 0.36** 0.49** 0.41** 0.19** 0.21**

Digit Symbol - 0.36** 0.34** 0.29** 0.27**

Arithmetic - 0.60** 0.27** 0.24**

Information - 0.31** 0.29**

Immediate Recall - 0.77**

Delayed Recall -

*Correlation significant at the α < 0.05 level; **Correlation significant at the α < 0.01 level

Supplementary Table S3. Correlations between unaffected siblings and their probands (β), by the sibling’s deduced 
cognitive subtype

Cognitive Variable

Cognitive 
Subtypes

CPT 
performance

CPT 
variance

block 
design

digit 
Symbol Arithmetic Information Immediate 

Recall
delayed 
Recall

Normal profile 
(na = 192)

0.17* 0.12 0.28** 0.27** 0.22** 0.44** 0.12 0.13

Mixed profile
 (n = 228)

0.14* 0.12 0.22** 0.10 0.15* 0.39** 0.13 0.02

Impaired Profile 
(n = 234) 

-0.08 0.11 0.25** 0.18** 0.08 0.34** 0.13 0.24**

Overall (n = 654) 0.13* 0.16** 0.35** 0.25** 0.30** 0.47** 0.17** 0.18**

an = Number of sibling pairs; *Correlation significant at the α < 0.05 level; **Correlation significant at the α < 0.01 
level

Supplementary Table S4. Comparisons of clinical, functional, and cognitive differences among sibling’s profiles

Siblings Probands Siblings versus
Probands

Cognitive profile Clinicala Functionalb Clinical Functional Effect Sizec

Normal + + +- +- L

Mixed + + +- +- M

Impaired +- +- - - S

aClinical measures: Structured Interview for Schizotypy – Revised (SIS-R); Positive And Negative Syndrome Scale 
(PANSS); bFunctional: Sociodemographical Schedule, Comprehensive Assessment of Symptoms History (CASH); 
cEffect size: Effect size of the cognitive differences between siblings and their proband. 
Abbreviations: + = Good; +- = Reasonable; - = Poor; S = Small (0.2-0.5); M = Moderate (0.5-0.8); L = Large (>0.8).
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Supplementary Figure S1. Dendogram displaying the number of cogniti ve subtypes i n unaff ected 
siblings.

n=number of subjects; L= observed value to determine the signifi cance of a division from one group into two 
groups in the dendogram, starti ng from the right. The stopping rule was set at the level of a normal percenti le (L(m) 
= 2.58, which responds to a (two-sided)-signifi cance 
level of α = .01).


