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Automatic classification of individuals at increased risk for schizophrenia can become an important screening
method that allows for early intervention based on diseasemarkers, if proven to be sufficiently accurate. Conven-
tional classification methods typically consider information from single subjects, thereby ignoring (heritable)
features of the person's relatives. In this paperwe show that the inclusion of these features can lead to an increase
in classification accuracy from 0.54 to 0.72 using a support vector machine model. This inclusion of contextual
information is especially useful in diseases where the classification features carry a heritable component.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Automatic classification methods may become a helpful tool to
increase the prediction rate for an increased risk for schizophrenia,
allowing for early intervention (Kloppel et al., 2012). Especially clas-
sification methods operating on MRI data are of potential interest
(Arribas et al., 2010; Castro et al., 2011; Castellani et al., 2012;
Nieuwenhuis et al., 2012) because of the noninvasive nature of this
modality. Several studies show impressive results in terms of both
a high sensitivity and a high specificity when applying such methods
to classify schizophrenia patients that have been ill or have been
using antipsychotic medication for a considerable time period. Unfor-
tunately, the overall performance of automatic classification methods
remains modest when applied for early detection of the disease and a
substantial increase in performance is required before these methods
may become of practical use (Strobl et al., 2012). These automatic
classification methods are designed to operate on single subject infor-
mation ignoring both the fact that schizophrenia is in part a heritable
disease (Aukes et al., 2008; Brans et al., 2008; Derks et al., 2012; Mulle,
2012; Turner et al., 2012; van Haren et al., 2012; Veltman and Brunner,
2012; Wray and Gottesman, 2012) and conversely, possible compensa-
torymechanismsmay be detectable in brainmorphology in healthy rel-
atives (e.g. a higher than normal fiber integrity for the healthy siblings
(Boos et al., 2013; Gogtay et al., 2012)). By changing the question
‘does this person have a high risk for schizophrenia?’ to ‘does this person,

given information from his or her relative(s), have a high risk for schizo-
phrenia?’ one can make additional use of both types of information,
thereby possibly increasing the performance of the automatic classifica-
tion. Thus, by adding information from unaffected siblings we not only
increase the accuracy of the classification algorithm by controlling for
nonspecific environmental and genetic effects that impact on the classi-
ficationmeasures but we also increase accuracy by including the effects
of possible compensatory mechanisms that alter brain morphology of
healthy siblings in the classification process. To test this hypothesized
increase in performancewe compare two different automatic classifica-
tion approaches: the ‘single subject’model, which is based solely on in-
formation from the subject to be classified and the ‘family-wise’model,
which also includes information on the subject's sibling. Here a support
vector machine (SVM) – a supervised machine learning algorithm – is
used to perform the automatic classifications. To allow for a fair com-
parison, in both approaches the SVM operates on the same number of
subjects (n = 80) as well as on the same classification features.

2. Methods

2.1. Subjects

A total of 77 patients with schizophrenia, 77 of their healthy sib-
lings and 20 healthy control sibling pairs (n = 40) were included in
this study (see Table 1). These subjects are all part of a sample that
has been described earlier (Boos et al., 2012, 2013). After complete
description of the study to the subjects, written informed consent
was obtained. Subjects with a major medical or neurological illness
were excluded. All subjects were assessed with the Comprehensive As-
sessment of Symptoms and History (CASH) (Andreasen et al., 1992)
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performed by at least one independent rater who was trained to assess
this interview. Diagnosis was based on the DSM-IV criteria. No healthy
control subject met the criteria for any DSM-IV axis I disorder at time of
inclusion. Healthy control sibling pairs had no first- or second-degree
family members with a lifetime psychotic disorder. The Intelligence
Quotient (IQ) of each subject was estimated based on four subtests
of the Dutch version of the Wechsler adult intelligence scale (WAIS)
(Information, Arithmetics, Block design and Digit Symbol coding). All
individuals received a 1.5 Tesla magnetic resonance imaging scan of
the whole brain. Acquisition and post-processing of the volumetric
MRI data and micro-structural MRI data have been described in detail
elsewhere. (Mandl et al., 2010; Boos et al., 2012, 2013).

2.2. Classification

In this study we propose to use a model for classification that
includes familial information. We do not aim to present an optimal
set of classification features. The combination of features used here
was selected only because they have shown to carry a heritable com-
ponent and/or are known to show disease-related differences that are
not related to antipsychotic medication use. (DeLisi et al., 1985;
Altamura et al., 2012; Boos et al., 2013; Castellani et al., 2012; Derks
et al., 2012; Mandl et al., 2012; Terwisscha van Scheltinga et al.,
2013) The features used to classify are identical in both models and
are a combination of volumetric brain measures, micro-structural
measures of two major white matter fiber bundles and total IQ. The
volumetric measures include the volume of the lateral ventricles,
the third ventricle, the cerebral white matter (all normalized with
respect to cerebral brain volume) and the intracranial volume. The
mean diffusivity (computed on the diffusion tensor images) and the
magnetization transfer ratio (computed on magnetization transfer
images) were computed for the left arcuate fasciculus and the right
uncinate fasciculus to measure micro-structural properties of these
white matter fiber bundles.

The classification experiments were carried out with the statistical
program R version 2.15.2 (www.R-project.org) using a nonlinear
bound-constraint support vector machine (polynomial kernel) from
the kernlab package. To compare bothmodelswe computed the sensitiv-
ity, the specificity and the accuracy for the classification results.
Sensitivity is defined by TP/(TP + FP) and specificity by TN/(FN + TN),
where TP denotes true positives, FP denotes false positives, TN denotes
true negatives and FN denotes false negatives. The accuracy is defined
by (sensitivity + specificity)/2. Fig. 1 details the experimental setup for
both classification models.

3. Results

For the single subject model the mean sensitivity was 0.55 (SD:
0.1), the mean specificity was 0.54 (0.1) and the mean accuracy was
0.54 (0.1) while for the family-wise model the mean sensitivity was

0.72 (0.1), the mean specificity was 0.73 (0.1) and the mean accuracy
was 0.72 (0.1). The corresponding histograms are shown in Fig. 2.

4. Discussion

Conventional classification methods typically consider single
subjects. This ignores how the features of the person to be classified
relate to those of the person's relatives. The inclusion of this contex-
tual information is especially useful in cases where the classification
features have a familial (heritable) component in common with the
disease but also when the classification features are sensitive to pos-
sible compensatory mechanisms (both are the case for schizophrenia
(Aukes et al., 2008; Brans et al., 2008; Boos et al., 2013; Derks et al.,
2012; Gogtay et al., 2012; Mulle, 2012; Turner et al., 2012; van Haren
et al., 2012; Veltman and Brunner, 2012; Wray and Gottesman,
2012)). The results of our experiment show that an increase of 0.18
in overall classification accuracy may be obtained by including such
contextual information. The increased accuracy could make automatic
classification useful in a clinical setting to estimate the increased risk
schizophrenia prior to the manifestation of the disease. Of course, this
would require an additional effort from the person's relatives. We
note that these relatives not need to be siblings per se. In this particular
study we used siblings to demonstrate the advantage of the
family-wise model. But if one would acquire a dataset for classification
from scratch then including parental data should be considered be-
cause most parents would be more than willing to participate when
it concerns the health of their child.

The additive value of including sibling information to the classifi-
cation model reflects at least in part the increased genetic risk for
the disease in structural brain measures and IQ. However, in addition,
increased classification accuracy by adding sibling information may
stem from shared environmental factors, such as an urban environ-
ment (van Os et al., 2010), which was recently found to link to social
stress processing in the brain of healthy individuals (Lederbogen
et al., 2011).

The relatively small size of the data set used in our experiment led
to substantial variability in estimates of the different measures (for
instance, the 1000 accuracy estimates using the family-wise model
range from 0.37 to 0.98). Nonetheless, even with this small dataset
we demonstrated the clear advantage of context inclusion. However,
for real world applications larger datasets are needed for training the
classification algorithms to increase stability (Nieuwenhuis et al.,
2012).

This study is not about the selection of optimal classification
features. In fact, the levels of sensitivity, specificity and accuracy
reported in this study are relatively low. This study is about the com-
parison of two classification models (the single subject model and
the family-wise model) utilizing the same features for which it was
already known that they carry a heritable component. Because both
classification models operate on the same set of features, the
increased performance of the family-wise model is an asset of the

Table 1
Subject characteristics.

Sample Patients Siblings controls

Nr of subjects 77 77 40
Age in years: mean (SD) 26.8 (5.2) 26.9 (5.9) 28.7 (8.7)
Sex: male/female 65/12 35/42 21/19
Handedness: right/left 72/5 61/16 37/3
IQ-score 97.7 (14.9) [68–136] 97.8 (16.3) [63–152] 108.9 (14.7) [78–135]
PANSS-positive symptoms score mean/(SD) [range] 14.9/(5.7) [7–30] n.a. n.a.
PANSS-negative symptoms score mean/(SD) [range] 15.3/(5.3) [7–31] n.a. n.a.
PANSS-total symptoms score mean/(SD) [range] 61.7/(16.8) [30–107] n.a. n.a.
Illness duration at scan time in years mean/(SD) [range] 4.3/(3.7) [0.0–17.5] n.a. n.a.
Patients on atypical medication 3 n.a. n.a.
Patients on typical medication 64 n.a. n.a.
Patients medication unknown 10 n.a. n.a.
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