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1. Introduction

Incontrovertible evidence for epidemiological genetic influ-
ences on schizophrenia has been accumulated since the 1960’s
(Rosenthal and Kety, 1968; McGuffin et al., 2004). However, the
identification of specific genes with large effect sizes that
contribute to a susceptibility to schizophrenia has not been
successful using conventional molecular genetic approaches. As
schizophrenia has failed to show monogenic forms and has no
specific molecular or cellular markers, research at this time
implicates several chromosomal regions (e.g., 1q, 8p, 22q, 2, 3, 5q,
6p, 11q, 13q, and 20p; Owen et al., 2003) that, in turn, embed
several genes that have been associated with the illness, including
DISC 1 (Chubb et al., 2007; Hennah et al., 2007), catechol-O-methyl
transferase (Egan et al., 2001a; Shifman et al., 2002), dysbindin
(Schwab et al., 2003; Turunen et al., 2007), G72 (Chumakov et al.,
2002), neuregulin 1 (Stefansson et al., 2002), and RGS4 (regulator
of G protein-signaling-4) (Chowdari et al., 2002; Talkowski et al.,
2006). Psychiatric diagnoses are likely to have heterogeneous
etiologies in that not all people with the same diagnosis carry the
same assembly of susceptibility genes (Faraone et al., 1999; Sing
et al., 2003; Pan et al., 2006).

On the other hand, the completion of human genome
sequencing is the driving force to understand the genetic
contribution to schizophrenia spectrum disorders by identifying
variants associated with the disorders (Mitchell, 2002). For
example, SchizophreniaGene (www.szgene.org) has been devel-
oped by Lars Bertram and colleagues at Harvard Medical School
and Massachusetts General Hospital to systematically collect and
synthesize the genetics data published in peer-reviewed journals.
Unfortunately, despite the complete human genome data, we are
still unable to specify precisely the phenotypes (the readily
observed symptomatic manifestations of the genotypes such as
hallucination and delusions in schizophrenia) in those individuals
whose genomes we investigate. Therefore, researchers have been
adopting a new direction that identifies neurobiological and
neurobehavioural characteristics associated with schizophrenia,
so-called “endophenotypes” (Gottesman and Gould, 2003; Gottes-
man and Shields, 1972) that may be more closely connected to the
expressions of un-named genes (Bray et al., 2008).

A substantial number of studies, especially of at-risk offspring,
have suggested that neurocognitive dysfunctions are among the
most promising of the candidate endophenotypes. This view is
most clearly understood within the neurodevelopmental frame-
work (Erlenmeyer-Kimling et al., 2000; Cornblatt and Malhotra,
2001). Others (Chen and Faraone, 2000; Lenzenweger, 2006;
Prescott and Gottesman, 1993) suggest that genetic vulnerability
to schizophrenia may often manifest itself in schizophrenia-like
personality disorders, e.g., schizotypal, rather than a full syndrome
of schizophrenia. Thus, the proposed endophenotypic markers
should also present in many persons with schizotypal personality
disorder and their close relatives if it is in the schizophrenia
spectrum.

Several candidate endophenotypic markers have been pro-
posed such as sustained attention (Cannon et al., 2000, 2001; Chen
and Faraone, 2000; Cornblatt and Malhotra, 2001; Egan et al.,
2000), visual working memory (Cannon et al., 2000; Park et al.,
1995), verbal memory (Goldberg et al., 1995; Chen et al., 2000a,b),
and inhibitory control (Cadenhead et al., 2002). Comparison of the
commonality and differences of endophenotypes has also been
suggested among schizophrenia, depression, and ADHD (e.g., Flint
and Munafo, 2007). Most recently, a multi-centre initiative, the
Consortium on the Genetics of Schizophrenia (COGS), has been
launched to examine the commonly identified cognitive and
imaging endophenotypes of schizophrenia (Braff et al., 2007;

Greenwood et al., 2007; Gur et al., 2007a,b). However, it is still yet
not fully known whether various domains of cognitive functioning
reflect the presence of one underlying global cognitive deficit, or
whether they independently represent a discrete cognitive risk
factor that is transmitted in families of patients with schizophrenia
(cf. Glahn et al., 2007; Palo et al., 2007; Straub et al., 2007).

Here, we review evidence for the utility of quantifiable
neurological soft signs as potential endophenotypes for schizo-
phrenia spectrum disorders. We define endophenotypes and
justify their utility by reviewing evidence from molecular genetic
studies that schizophrenia is a complex phenotype. We summarize
the literature concerning the clinical significance and meaning of
neurological soft signs in schizophrenia. We then highlight the key
criteria that must be met for an endophenotype to be useful and
assess the extent to which the manifestations of neurological soft
signs meet these criteria. Finally, we recommend areas in which
additional research should be conducted to further elucidate the
potential use of neurological soft signs and related minor physical
anomalies for schizophrenia research.

2. What is an endophenotype?

The term “endophenotype” was first described for psycho-
pathology as an internal phenotype, i.e., not obvious to the unaided
eyes, that fills the gap between symptoms and the putative genes
that actualize the elusive disease processes of schizophrenia and
other psychiatric disorders (Gottesman and Shields, 1972, 1973).
The endophenotypes may be any neurobiological measures or
indicators (Meehl, 1990) related to the underlying molecular
genetics of the illness, including biochemical, endocrinological,
neurophysiological, neuroanatomical, or neuropsychological mar-
kers once they satisfy certain additional criteria (see below). This
promising strategy for employing endophenotypes may help to
resolve questions about etiological models. The power of these
endophenotypes is based on the assumption that the number of
genes involved in the variations of endophenotypes represent
relatively more straightforward and putatively more elementary
phenomena than those involved in producing a psychiatric
diagnostic entity (Gottesman and Gould, 2003; cf. Flint and
Munafo, 2007; Walters and Owen, 2007 with more skeptical
attitudes toward the utility of the endophenotype strategy). This
hypothesized reduction in complexity is due both to the
endophenotype’s relative proximity to gene products in the chain
of events leading from genes to behaviour, and to its potential to
target one of possibly several pathophysiological deficits that
combine to create the overall condition (Bray et al., 2008).

3. Why is endophenotype useful for schizophrenia?

There are several potential advantages to the endophenotype
approach (Braff et al., 2007; Greenwood et al., 2007) to study the
etiology of schizophrenia: (1) physiological and more elementary
neural-based endophenotypes may more directly reflect the
activities of synaptic and other neuronal mechanisms than does
the more complex illness itself, and therefore they are more likely
to reflect genes with larger effect sizes; (2) both the patients and
their unaffected relatives may show a fairly extensive range of
scores on the endophenotypes, making such measures ideal for
quantitative trait linkage analysis. Analysis of quantitative
measurements related to the clinical phenotype will provide more
statistical power to detect linkage, compared with the smaller
number of clinically defined psychiatric relatives/patients; (3) to
the extent that the biology of the endophenotype is understood or
can be investigated via brain-imaging studies and infrahuman
animal model research, candidate genes can be identified more
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systematically in areas of linkage; (4) endophenotypes lend
themselves directly to the use of animal models (Gould and
Gottesman, 2006).

Although, this approach has not yet led to the identification of
multiple interacting genetic abnormalities that are associated with
the onset of schizophrenia, this endophenotype strategy has also
been extremely important for gene discovery in other psychiatric
disorders such as ADHD (e.g., Doyle et al., 2005; Crosbie et al.,
2008; Waldman et al., 2006), unipolar depression (e.g., Hasler et al.,
2004), bipolar disorder (e.g., Glahn et al., 2007; Hasler et al., 2006;
Zalla et al., 2004), and other complex medical illnesses. Demon-
strated applications advance the significance and urgency of
adopting endophenotype as one important strategy in under-
standing the etiology and psychopathology of psychiatric diseases
in general, and schizophrenia in particular (cf. Palo et al., 2007). A
fundamental issue in the endophenotype approach is the
identification and validation of potential endophenotypes. Identi-
fication usually comes from studies of schizophrenia-linked
deficits. A second step is to identify evidence of specificity and
heritability in “clinically unaffected” relatives. Genetic analysis
depends on genotype-endophenotype correlations within indivi-
dual pedigree members and is a more challenging test than a
determination of schizophrenia versus normal subject differences
(Heinrichs, 2001, 2005).

4. Neurological signs as the target features and indicators of
schizophrenia

Neurological signs have previously been classified as “hard” vs.
“soft” signs. The former refers to impairments of basic motor and
sensory behaviour such as signs for the pyramidal system (Woods
et al,, 1991) and extrapyramidal system (Roger, 1992; Schroder
et al,, 1991; Simpson and Angus, 1970). The latter conventionally
refers to non-localizing neurological abnormalities that cannot be
related to impairment of a specific brain region or are not believed
to be part of a well-defined neurological syndrome (Heinrichs and
Buchanan, 1988; Chen et al., 1995). However, this distinction is
artificial and may reflect an inability to define the brain-behaviour
relationship that underlies the presence of neurological soft signs
(Heinrichs and Buchanan, 1988; Bombin et al., 2005). Imaging
studies have provided preliminary evidence to show parts of the
brain structures that are responsible for the motor coordination,
sensory integration and disinhibition (collectively known as soft
signs) (e.g., Schroder et al., 1992a,b, 1999; Keshavan et al., 2003;
Bachmann et al., 2005) and there is a connectivity network rather
than a specific region for the motor coordination signs (Rao et al.,
submitted for publication; Chan et al., submitted for publication-
a,b).

The crucial role of neurological abnormalities or signs in
schizophrenia has been recognized by researchers in the past
decades (e.g., Tsuang et al., 1991; Torrey et al., 1994; Tsuang and
Faraone, 1999). Tsuang et al. (Tsuang et al., 1991; Tsuang and
Faraone, 1999) considered neurological abnormalities as the
“target features” that encompass the idea that genetic and non-
genetic processes lead to maldevelopment in neurocognitive
systems. Target features are defined as “clinical or neurobiological
characteristics that are expressions of the underlying predisposi-
tion to the illness (schizophrenia)” (Tsuang and Faraone, 1999).
The model considers illness as resulting from multiple genetic and
environmental variables that may be additive or interactive.
According to Tsuang and Faraone (1999), these variables act upon
three stages of the illness, namely neurodevelopment, later
adolescence (around onset), and after the onset of psychosis. This
model further accommodates etiological heterogeneity by postu-
lating that if a smaller proportion of variables out of a large pool are

sufficient for expression of the illness, then a wider range of
different permutations of underlying variables could be associated
with illness manifestations. Moreover, these target features should
also be increased in relatives of patients, albeit perhaps not to a
similar extent. Torrey et al. (1994) also demonstrated that the
affected twins in the discordant pairs had a significantly higher
mean neurological abnormality score than their well co-twins. The
well co-twins of the schizophrenic cases, in turn, demonstrated a
significantly higher total score for neurological abnormalities than
the normal control twins.

On the other hand, Meehl (1962, 1990) has coined the term
“hypokrisia” as the hypothesized aberrant neural integrative
defect that characterizes the neuronal functioning throughout the
brain of the affected individual of schizotaxia. These individuals are
highly likely to develop some types of disorganization termed
schizotypal behaviours that in turn, develop into a full-blown
psychosis, compared to those without these defects. In Meehl’s
viewpoint, hypokrisia is the root cause of some neurological defect
indicators such as neurological soft signs or what he termed as soft
psychometric signs that could be detected among this high-risk
group. These indicators could not be observed with an unaided eye
but could be elicited or tested under standard psychometric
methods. However, we should notice that the conceptualization of
schizotaxia or schizotypy proposed by Meehl (1990) does not equal
a DSM-IV diagnosis of schizotypal personality disorder. It was
clarified by Meehl (1990) in his seminal paper on an integrative
theory of schizotaxia, schizotypy and schizophrenia, and was
further re-asserted by Lenzenweger (1998) that although there is
some overlapping between the schizotypic symptoms preferred by
Meehl and that of the diagnostic criteria for DSM-IV schizotypal
personality disorder, these two views are actually different from
each other. In Meehl’s viewpoint, schizotypy refers to a latent
personality organization and is essentially a broader construct
linked to a developmental theory, whereas the schizotypal
personality disorder in DSM-IV is just an atheoretical categoriza-
tion or aggregation of a set of observable signs and symptoms.

5. Categorization of neurological soft signs

A major issue concerning research on neurological soft signs in
schizophrenia is the classification of soft signs and the instruments
used for the evaluation. There are several rating scales developed
for the measurement of neurological soft signs, including the
Woods Scale (Smith et al., 1999a,b), Rossi Scale (Rossi et al., 1990),
Heidelberg Scale (Schroder et al., 1992b), Cambridge Neurological
Inventory (Chen et al., 1995), and the Neurological Evaluation Scale
(Buchanan and Heinrichs, 1989). Although these scales claimed to
evaluate the prevalence of neurological soft signs, most of them do
not provide sufficient documentation of appropriate psychometric
properties, and therefore, hamper the evaluation of the neurolo-
gical soft signs as vulnerability or endophenotypic markers for
schizophrenia. The Neurological Evaluation Scale and the Cam-
bridge Neurological Inventory are the two most commonly used
tools with impressive psychometric properties and documented
considerable evidence indicating the corresponding clinical utility
(cf. Candela and Manschreck, 2003; Bombin et al., 2003 for details
of the comparison for these scales). Table 1 summarizes the items
of the two most commonly used neurological signs scales, the
Neurological Evaluation Scale and the Cambridge Neurological
Inventory, and their strong and weak points in studying
neurological soft signs in schizophrenia.

Factor-analytic studies of neurological soft signs suggest that
these signs could be further subdivided into subgroups (Malla
etal.,, 1997; Krebs et al., 2000; Sanders et al., 2000; Keshavan et al.,
2003; Emsley et al., 2005; Goldstein et al., 2005; Compton et al.,
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Table 1
Neurological soft signs assessed by Neurological Evaluation Scale and Cambridge Neurological Inventory grouped by their denomination and putative neuroanatomical
localization
Scales Cluster of signs Individual items Putative regions Advantages Disadvantages
Neurological Motor elntention tremor Frontal lobe ePutative neuroanatomical eInformation about
Evaluation coordination regions for different soft test-retest reliability
Scale signs subcategories not available
eBalance Cerebellum oFull instruction for eData mainly limited
training guidelines to Caucasian samples
oGait eGood external validity and
inter-rater reliabilities
eHopping eExtensive data pool for
schizophrenia cognition
and outcome
eFinger-thumb opposition
eDisdiaochokinesia
eFinger-to-nose test
Sequencing of oFist-Edge-Palm test Prefrontal lobe
complex
motor acts
oFist-ring test
eOzeretsky test
«Go/no-go test
eRhythm tapping (foot or hand)
Integrative eBilateral extinction Parietal lobe
sensory
function
eAudiovisual integration
eGraphesthesia
eStereognosis
eRight-left confusion
eExtinction
Cambridge Motor eFinger tapping (left and right) ePrefrontal lobe ePutative neuroanatomical eInformation about
Neurological coordination regions for different soft test-retest reliability
Inventory signs subcategories not available

eFinger-thumb opposition
(left and right)
eDisdiaochokinesia (left and right)

oFist-Edge-Palm test (left and right)

e Ozeretsky test

Sensory eExtinction test

integration
eFinger-agnosia (left and right)
eStereognosis (left and right)
eGraphesthesia (left and right)

eLeft-right orientation

eSaccade blink

eSaccade head

eWink

eMirror movement of Fist-Edge-Palm
(left and right)

eMirror movement of disdiaochokinesia
(left and right)

«Go/no-go test

Disinhibition

oFull instruction for training
guidelines

eGood construct and external
validity, and inter-rater reliabilities
elLarge data pool for schizophrenia
cognition and outcome
eInformation regarding cross-
cultural and ethnic effect
(Caucasian and Chinese patients
and healthy controls)

Parietal lobe eData along the lifespan spectrum

is available but limited

Frontal lobe

2006). For example, Schroder et al. (1992a,b) found that there were
at least two subgroups of soft signs, namely the motor coordination
and complex motor acts. Malla et al. (1997) demonstrated that
motor coordination, motor integration, sensory integration, and
sequencing planning were embedded in the Neurological Evalua-
tion Scale (Heinrichs and Buchanan, 1989) among a group of 100
chronic schizophrenic patients. Krebs et al. (2000) further showed
that there were five factors for neurological soft signs, namely
motor coordination, motor integrative function, sensory integra-
tive function, involuntary movement or posture, and quality of
lateralization. In contrast, conceptual models based on groupings

of subscales suggest that there are subgroups of motor coordina-
tion, sensory integration, sequencing of complex motor acts, and
disinhibition (Heinrichs and Buchanan, 1989; Chen et al., 1995),
whereas theoretically derived groupings based on neuroanatomi-
cal considerations suggest there are cerebellar, frontal, and parietal
subscales (Egan et al., 2001b).

Chan et al. (submitted for publication-a,b) adopted a more
rigorous structural equation modeling design to examine the
latent structure of the neurological soft sign subscales of the
Cambridge Neurological Inventory (CNI, Chen et al., 1995) among
two independent samples of 118 chronic schizophrenic patients
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and 160 healthy volunteers, and found that there were three
factors underlying the neurological soft signs, namely motor
coordination, sensory integration, and disinhibition in these two
samples (schizophrenia: x2(29)=39.48, p=0.093, NFI=0.96,
NNFI = 0.98, CFI=0.99, IFI=0.99, RMSE = 0.056; healthy volun-
teers: x2(29)=47.79, p =0.015, NFI = 0.93, NNFI = 0.95, CFl = 0.97,
IFI = 0.97, RMSE =0.064). All of the loadings of the observed
variables on corresponding latent variables were above 0.04 and
statistically significant (p < 0.01). Thus, all of the latent variables
appeared to have been adequately measured by their respective
observed variables, and, correlations between the independent
latent variable (neurological soft signs) and dependent latent
variable (i.e., executive attention, logical memory, and visual
memory) were all statistically significant ( p < 0.01). In particular,
greater number of neurological soft signs were associated with
poorer executive attention (r = —0.83), logical memory (r = —0.76),
and visual reproduction (r = —0.75).

Moreover, Chan et al. (2004b) found that the disinhibition
signs were associated with behavioural disinhibition task and
blink rate in a group of 90 patients with chronic schizophrenia.
The modest correspondence of the factor analytic data and
conceptual models might be due to a number of methodological
limitations. First, different studies adopted different scales of
neurological soft signs that might lead to different factor
solutions. Second, for most individual items, the prevalence of
positive score is usually relatively low and results in a skewed
distribution of data that is less favourable for conventional factor
analysis. Third, most of the aforementioned factor analytical
studies were limited to exploratory factor analysis or principal
components analysis based on a relatively small sample. These
methods are data-driven and suffer from the correlational nature
of the analysis, with the consequent possibility that the factors
emerging may be specific to a particular sample rather than
generalizable to a range of populations. The factor solutions of
neurological soft signs might also vary substantially across
patients with schizophrenia, their non-psychotic relatives, and
healthy controls (Compton et al., 2006). Nevertheless, Compton
et al. (2006) also concluded that there appeared to be at least two
consistent latent variables of neurological soft signs demon-
strated in different study samples, namely motor coordination
and sensory integration.

Are-analysis of our laboratory data for the items shared by the
Neurological Evaluation Scale and Cambridge Neurological
Inventory showed very similar loadings and sensitivity of the
soft signs in Neurological Evaluation Scale and Cambridge
Neurological Inventory among a group of Chinese patients with
schizophrenia and healthy controls. In terms of sensitivity and
specificity, “sensory integration” yields the best scores (cut-off: 2;
sensitivity: 0.5; specificity: 0.82), followed by “motor coordina-
tion” (cut-off: 2; sensitivity: 0.56; specificity: 0.73), and “disin-
hibition” (cut-off: 2; sensitivity: 0.48; specificity: 0.78). For the
Neurological Examination Scale, a cut-off of 1 in the “sensory
integration” yields a sensitivity of 0.55 and a specificity of 0.81; a
cut-off of 1 in the “motor coordination” yields a sensitivity of 0.48
and a specificity of 0.9; and a cut-off of 2 in the “sequencing of
complex act” yields a sensitivity of 0.54 and a specificity of 0.77.
These indexes are comparable to those of ours, especially between
Cambridge Neurological Inventory “disinhibition” and Neurolo-
gical Evaluation Scale *“sequencing of complex act”. Taken
together, though there appeared to be some discrepancies
between the data-driven study and the conceptual models of
neurological soft signs in the past, the most recent findings
suggests that neurological soft signs could be tentatively
classified into motor coordination, sensory integration, complex
motor acts, and disinhibition.

Therefore, neurological signs, especially the soft signs, also have
features characteristic of useful endophenotypes (Egan et al.,
2001a,b; Glahn et al., 2007; Torrey et al., 1994). A higher frequency
of neurological signs has consistently been found in studies of
patients with schizophrenia (Weinberger and Wyatt, 1982;
Heinrichs and Buchanan, 1988; Chen et al., 1995; Chan and Chen,
2007). These signs also appear trait-like in that they are relatively
stable over time (Marcus et al., 1985; Chen et al., 19964, 2005),
which is advantageous for genetic studies. Neurological soft signs
are present from early in the illness, as well as premorbidly in high
genetic risk samples (Erlenmeyer-Kimling et al., 2000; Rubin et al.,
1994; Sanders et al., 1994). They do not seem to be secondary to
neuroleptic medications (Heinrichs and Buchanan, 1988; Arango
et al., 2000) and can be reliably measured (Schroder et al., 1991;
Ismail et al., 2000; Mohr et al., 1996; Chen et al., 1996b).

In considering the relationship between cognitive function and
neurological signs, it is important to examine the underlying
assumption about explanatory levels. From the consideration of
the boundary between cognitive paradigms and neurological signs,
it is reasonable to consider both cognitive function and neurolo-
gical signs as phenomena occurring at the same explanatory level.
Most researchers (e.g., Cuesta et al., 1996; Flashman et al., 1996;
Mohr et al., 1996; Wong et al., 1997; Arango et al., 1999) have
addressed the relationships in more detail and have reported that a
large number of cognitive features correlate with a large number of
neurological signs, particularly neurological soft signs such as
motor coordination, sensory integration and disinhibition.

Given the common neural substrates and highly significant
association between neurological soft signs and neurocognitive
functions that have been identified as endophenotypic indicators
for schizophrenia, we argue that the elicited clinical manifestations
of neurological signs can be the neurological and cognitive
endophenotypes for schizophrenia. In this paper, we use the
criteria discussed above to evaluate the suitability of the presence
of elicited neurological soft signs as endophenotypes for schizo-
phrenia. Fig. 1 illustrates that endophenotypes are the crucial
indicators to bridge the gap between the macroscopic level of
clinical manifestations and the microscopic level of genomics and
brain structures in understanding the etiology of schizophrenia.
Neural system abnormalities give rise to both soft signs and
cognitive impairments.

6. The criteria for endophenotypes

Researchers have proposed from three to five criteria, for useful
endophenotypes with regard to schizophrenia and other psychia-
tric disorders (Gottesman and Shields, 1972, 1973; Tsuang et al,,
1993; Cornblatt and Malhotra, 2001; Gottesman and Gould, 2003;
Gould and Gottesman, 2006). Although there is no universally
agreed-upon definition or evaluation of a promising endopheno-
type, all share and highlight several key elements in the inclusion
criteria (Glahn et al., 2007). These are summarized (mainly based
on Gottesman and Shields, 1972; Tsuang et al., 1993; Gottesman
and Gould, 2003) as follows:

(1) The endophenotype is associated with illness in the population.

(2) The endophenotype is heritable.

(3) The endophenotype is primarily state-independent (manifests
in an individual whether or not illness is active) but may
require a challenge to elicit the indicator [cf. glucose tolerance
test in revealing genetic predisposition to diabetes in
unaffected relatives].

(4) The endophenotype found in affected family members is found
in non-affected family members at a higher rate than in the
general population (familial association).
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Fig. 1. Gene regions, genes, and candidate endophenotypes are implicated in a biological systems approach to schizophrenia research. The reaction surface suggests the
dynamic developmental interplay among genetic, environmental, stochastic, and epigenetic factors that produce cumulative liability to developing schizophrenia spectrum
and schizophrenia disorders above each of the two thresholds shown. Endophenotypes are characterized by simpler neurobiological and genetics antecedents than
psychiatric disorders. The schizophrenia phenotype, as an example, is associated with a number of candidate genes and chromosomal regions, the influence of which can be
observed at the levels of either behavior or endophenotypes. Endophenotypes, located closer to genes in the pathway from genes to behaviors, have fewer genes associated,
and thus are more amenable to genetic investigations and studies in model systems. This skeleton (genes to endophenotypes to behaviors), allowing for epigenetic,
“environmental,” and purely stochastic influences upon clinical observations, and inspired by bioinformatics and the HapMap, can be applied to other diseases with complex
genetics using the input of disease-specific candidate genes/regions, single nucleotide polymorphisms, and endophenotypes. None of the sections of this figure can be
definitive; many more elements exist and await discovery (represented by “etc.” and question marks). [Courtesy of L.I. Gottesman and T.D. Gould and used by permission].

(5) The endophenotype is more prevalent among the ill relatives of
ill probands compared with the well relatives of the ill
probands (i.e., co-segregation).

(6) The endophenotype should be a trait that can be measured
reliably, and ideally is more strongly associated with the
disease of interest than with other psychiatric conditions (i.e.,
specificity) (cf. Hasler et al., 2006).

For state-independence (criterion 3), Hasler et al. (2006) have
argued that given the increasing recognition of the importance of
epigenetic transformations and developmental factors in the
expression of psychiatric phenotypes, this criterion might be
particularly difficult to meet for candidate endophenotypes for
both schizophrenia and bipolar disorders. On the other hand, with
the advance and success of ethical symptom provocation methods
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in genetic studies of medical diseases, e.g., glucose tolerance test in
revealing genetic predisposition to diabetes in unaffected relatives,
this method may better reflect the “state-independence” of the
symptoms associated with a particular disease with variable
course and important environmental influences over time. There-
fore, Hasler et al. (2006) have modified this criterion into a more
feasible operational definition for the original definition of “state-
independence” in schizophrenia and bipolar disorders.

6.1. Criterion 1: Association with schizophrenia in the population

Extensive findings have consistently shown a higher prevalence
of neurological signs among patients with schizophrenia compared
to healthy controls (Heinrichs and Buchanan, 1988; Bombin et al.,
2005). The majority of studies have indicated prevalence rates
ranging from 50% to 65% in patients with schizophrenia, in contrast
to 5% in healthy controls in western samples (Heinrichs and
Buchanan, 1988; Bombin et al., 2005); whereas the prevalence
rates for neurological soft signs in schizophrenia and healthy
controls was about 59% to less than 5% in Chinese sample (Chan
and Chen, 2007). On the other hand, the prevalence rates reported
in other psychiatric disorders were between these two groups
(Heinrichs and Buchanan, 1988).

6.2. Criterion 2: Heritability

The notion that neurological soft signs have genetic origins
arose from the observation that they are present in non-psychotic
family members of patients with schizophrenia (Ismail et al.,
1998a,b; Niethammer et al., 2000; Meehl, 1990; Lenzenweger,
2006). It is difficult to reconcile this observation with an
environmental cause because family members differ from the
general population primarily in their risk for schizophrenia, which
has no appreciable shared familial, environmental component
(Cannon et al., 1998). Studies of family members, however, have
generally used small samples (Ismail et al., 1998a,b; Kinney et al.,
1986; Rossi et al., 1990) and have been skewed toward participants
with schizophrenia spectrum disorders. Furthermore, heritability
estimates are generally lacking, but see the advances in Green-
wood et al. (2007). The utility of endophenotypes depends in part
on the portion of total phenotypic variance attributable to genetic
causes and to genetic architecture. If a large portion of phenotypic
variance is genetic, endophenotypes may increase the statistical
power to find susceptibility loci to the illness as many unaffected
first degree relatives can enter our tested samples.

There were only three studies reporting the heritability of
neurological signs in schizophrenia (Egan et al., 2001b; Sanders
et al.,, 2006; Hyde et al., 2007). Egan et al. (2001b) adopted the
relative risk approach to examining the heritability of neurological
signs in schizophrenia. Relative risk assesses the risk of having an
abnormality of neurological signs for relatives compared with the
risk for the general population. Although greater relative risk can
be attributable to shared environmental factors or genetic causes,
relative risk sets an upper limit on heritability (James, 1971). A
relative risk that is moderate (risk of 2-4) or higher (risk greater
than 4) suggests that a phenotype may be suitable for genetic
analysis (Risch and Merikangas, 1996; Rybicki and Elston, 2000). In
studying 115 patients, 185 non-psychotic siblings and 88 healthy
controls, Egan et al. (2001b) found that there were significant
differences between the non-psychotic siblings of patients with
schizophrenia and the healthy controls only in one of the
neurological signs scale (Woods Scale, 1986) but not in the
Neurological Evaluation Scale. Relative risk of neurological
impairment was significantly increased in the sibling group, but
the significance was weak to moderate. They then suggested that

neurological signs cluster in patients with schizophrenia and their
families and could possibly identify a unique component of genetic
variance for risk of schizophrenia.

In a subsequent study by the same team, Hyde et al. (2007)
further demonstrated that there was very modest evidence of the
heritability of frontal release (neurological soft) signs in non-
psychotic siblings of patients with schizophrenia. The greater
incidence of frontal release signs in schizophrenic patients
compared with their non-psychotic siblings suggests a significant
role for environmental factors. People with schizophrenia most
probably have both a much greater genetic load and a greater
exposure to predisposing environmental factors than their non-
psychotic siblings. Thus, the lack of heritability may reflect the
effects of these genetic—environmental interactions or of epige-
netic factors (Wong et al., 2005).

On the other hand, Sanders et al. (2006) administered the
modified version of the NES to 96 participants coming from eight
extended families, each consisting of two first degree relatives with
schizophrenia spectrum disorders, as well as available first- to
fifth-degree relatives. They found that statistically significant
heritability estimates were obtained for neurological abnormal-
ities. In particular, most of them were measures for neurological
motor soft signs, including rapid alternating movement (h?
0.99 +0.19 for completion time), alternating fist-palm test (h?
0.77 +0.19 for completion time; h? 0.7 & 0.32 for errors), fist-ring
test (h? 0.53 + 0.23 for right-sided completion time; h? 0.7 + 0.21 for
left-sided completion time), and go/no-go task (h? 0.93 + 0.33 for
correct responses). Only audio-visual integration (h? 0.79 + 0.54)
from the sensory integration signs was found to be heritable in this
sample. Moreover, significant correlations were found between the
motor signs and various domains of neurocognitive functions. These
findings suggest that although not all neurological abnormalities
were heritable, there were at least familial influences on motor
neurological soft signs in schizophrenia, and these heritable measures
were also associated with various domains of neurocognitive
functions.

6.3. Criterion 3: State independence

As we argued above, this criterion may be especially difficult to
fulfill for candidate endophenotypes. Compromised neurological
soft signs have been detected in schizophrenia at every age
indicating that it is a trait that does not disappear despite the usual
diminution over time in overt clinical manifestations. Prevalence
of neurological soft signs has been detected in children,
adolescents and adults with schizophrenia. Consistent findings
of the prevalence of the signs have been evidenced in different
stages of the illness, including prodromal high risk (Fish, 1977;
Marcus et al., 1985; Lawrie et al., 2001; Erlenmeyer-Kimling et al.,
2000), first-onset medication naive cases (Sanders et al., 1994;
Gupta et al., 1995; Flyckt et al., 1999; Browne et al., 2000; Dazzan
and Murray, 2002; Keshavan et al., 2003), chronic remitted cases
(Heinrichs and Buchanan, 1988; Chen et al., 1995; Chan and Chen,
2007), their non-psychotic siblings, and even those individuals
reared in the community without a diagnosis of schizophrenia but
associated with schizotypal personality features. Preliminary
findings on the prevalence of neurological soft signs in chronic
(Chen et al., 1996a,b,c; Chan and Chen, 2007) and first-onset cases
(Whitty et al., 2003; Chen et al., 2005) showed relative stability
across time periods, with minor progressive deterioration in aging
patients.

However, it should be noted that motor neurological soft signs
could vary with positive symptoms (e.g., Bachmann et al., 2005;
Whitty et al., 2003), while especially lateralization deficits could
persist as a trait marker. Therefore, although neurological soft
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signs may present a trait indicator for schizophrenia, their degree
of importance may also be related to schizophrenic “process
activity” and acute psychosis, at least for motor signs. Chen et al.
(2005) addressed this issue by following up the change of motor
coordination soft signs in 93 patients with first-onset, medication-
naive schizophrenia over a 3-year interval and found that the signs
were relatively stable across the time period, and that these signs
were already elevated at the first presentation of psychosis in these
patients. The level of neurological soft signs at clinical stabilization
was lower for patients with a shorter duration of untreated
psychosis. Although, the quantity of neurological soft signs did not
significantly change in the first 3 years that followed the first
episode, the relationship between neurological signs and negative
symptoms became progressively more apparent until 1 year after
the initial episode. A higher level of the signs was associated with a
lower educational level and an older age at onset, but the level of
neurological soft signs did not predict the outcome in terms of
relapse or occupational functioning.

6.4. Criterion 4: Familial association

Thus far, there are only three twin studies assessing the familial
association of neurological soft signs in schizophrenia. The first
compared the prevalence of neurological soft signs in schizo-
phrenia, monozygotic twins and healthy twins. Cantor-Graae et al.
(1994) compared neurological abnormalities in 22 schizophrenic
patients, 22 monozygotic co-twins, and 14 healthy monozygotic
twins and demonstrated there was a significant difference
between the three subgroups in terms of neurological soft signs,
with schizophrenic patients exhibiting the highest prevalence of
neurological signs and the healthy co-twins having the lowest
prevalence. They also found that degree of neurological impair-
ment in the well discordant monozygotic twins was significantly
associated with history of both neonatal and total obstetric
complications. The authors suggested that the spectrum of
indicators, ranging from neurological soft signs to schizophrenia,
in monozygotic discordant twins might be the result of subtle
gene—environment interaction.

The second twin study was on a group of 30 monozygotic twin
pairs, with 13 pairs discordant for schizophrenia or schizoaffective
disorder and 17 healthy comparison pairs (Niethammer et al.,
2000). The twins with schizophrenia exhibited higher total scores
of neurological soft signs than did the comparison participants.
Moreover, the total scores for neurological soft signs of the non-
affected discordant twins were significantly higher than those of
the comparison twins. The affected discordant twins showed
higher total scores of neurological soft signs than the non-affected
discordant twins. Post hoc analyses revealed that such differences
between the three subgroups were limited to motor coordination
signs. On the contrary to the comparison participants, the non-
affected and affected twins of the discordant pairs showed a trend
toward higher scores for neurological soft signs on the left body
half. Again, these findings showed the occurrence of neurological
soft signs, their lateralization to the left body in particular, were
genetically transmitted.

The third twin study of neurological soft signs of schizophrenia
was conducted by Kelly et al. (2004). In comparing the
neurological soft signs and the related dermatoglyphic anomalies
in 15 pairs of twins concordant and discordant for schizophrenia,
Kelly et al. (2004) did not find any significant differences in
neurological soft signs and dermatological anomalies between
participants with schizophrenia and their co-twins without the
illness. The negative findings might be due to the use of an
unstandardized rating scale of neurological soft signs and the
small sample size.

On the other hand, Bombin et al. (2005) concluded that there
was substantial evidence to support the occurrences of neurolo-
gical soft signs in non-psychotic siblings and family members of
patients with schizophrenia that are associated with the exhibition
of neurological soft signs (Kinney et al., 1986, 1999; Griffiths et al.,
1998; Ismail et al., 1998a,b; Chen et al., 2000a,b; Egan et al., 2001b;
Lawrie et al., 2001; Yazici et al., 2002; Gourion et al., 2004; Schuber
and McNeil, 2004; Niemi et al., 2005). Most of them reported that
the prevalence of neurological soft signs in relatives is inter-
mediate between patient and healthy controls. In a meta-analytic
review of putative endophenotypes for schizophrenia, Snitz et al.
(2006) showed that there were modest effect sizes of motor
dysfunctions (Cohen’s d=0.26) and finger tapping (Cohen’s
d=0.25) in non-psychotic siblings as compared to healthy
controls.

In sum, the few twin studies suggest that schizophrenia and
neurological soft signs share genetic influences but indicate that
the genetic overlap between schizophrenia and neurological soft
signs is not substantial. However, these findings might have been
limited by the small number of twin studies and the corresponding
small sample sizes. Extensive empirical evidence from family
studies support that healthy relatives of patients with schizo-
phrenia exhibit higher overall neurological soft signs than healthy
controls and lower overall signs rate than their affected relatives.
In particular, there is a trend for motor signs to be more genetically
mediated. In an extensive review of neurological signs in
schizophrenia, Bombin et al. (2005) concluded that the study of
potential associations between neurological signs and obstetric
complications supports the idea of genetic mediation of neuro-
logical signs. However, they also suggest that motor signs appear to
be less related to obstetric complications, and therefore, motor
signs may be more intimately related to illness genetic vulner-
ability in schizophrenia.

6.5. Criterion 5: Co-segregation

There has been extensive evidence showing that healthy
relatives of patients with schizophrenia exhibited the intermediate
level of impairments of neurological soft signs between patients
with schizophrenia and healthy controls (Ismail et al., 1998b;
Gureje, 1988; Chen et al., 2000a,b; Cantor-Graae et al., 1994, 2000).
Ismail et al. (1998a,b, 2000) has conducted a series of studies
comparing patients with schizophrenia, their non-psychotic
siblings, and healthy controls, and found that there were
significant associations between patients and their non-psychotic
siblings in the scores for neurological soft signs of the NES, motor
coordination in particular. These findings were not confounded by
the number of obstetric complications (Cantor-Graae et al., 1994;
Gureje, 1988). Chen et al. (2000a,b) demonstrated a similar pattern
for motor coordination, sensory integration, and disinhibition
signs for the CNI in a group of Chinese schizophrenic patients. On
the other hand, first-degree relatives of patients with schizo-
phrenia have also reported higher level of neurological soft signs
impairments than healthy controls (Gourion et al., 2004; Schuber
and McNeil, 2004). In particular, Schuber and McNeil (2004) found
that the offspring of mothers with schizophrenia exhibited
significantly higher scores of motor coordination and sequencing
of complex acts than both the offspring of mothers with affective
psychosis and the offspring of healthy mothers.

6.6. Criterion 6: Measurement issues
There are two key points concerning the measurement issues

here. First, candidate endophenotypes should be reliable if they
reflect enduring traits. Standardized measures would be particu-
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larly useful especially if the endophenotype varies with age or sex
in a systematic way as is likely to be the case for cognitive
processes. It would be advantageous for statistical analyses for the
putative endophenotype to be quantifiable. As we reviewed above,
although neurological signs have been traditionally considered to
be some signs induced by non-localizing brain regions, these signs
are fortunately induced and measured reliably using clinical
ratings. Several standardized ratings have been developed in the
past decades (e.g., Buchanan and Heinrichs, 1989; Denckla, 1974;
Rossi et al., 1990; Schroder et al., 1991; Chen et al., 1995). The
Neurological Evaluation Scale and the Cambridge Neurological
Inventory are the two commonly used scales that have been
reported to have impressive psychometric properties (e.g.,
Buchanan and Heinrichs, 1989; Chen et al., 1995; Compton
et al., 2006; Chan and Chen, 2007). The most recent neuroimaging
technology also facilitates the development of some potential
paradigms for measuring the brain region deficits associated with
these signs in healthy subjects and schizophrenic patients (e.g.,
Gunther et al., 1991; Schroder et al., 1995, 1999; Umetsu et al.,
2002; Chan et al., 2006).

Second, an endophenotype should be common in affected
individuals (i.e., sensitive), relatively if not completely unique to
the disorder (i.e., specific), and relatively uncommon among
unaffected individuals in the general population. However, there is
an important limitation to this criterion, in that it concerns only
phenotypic sensitivity and specificity. In general, there are
relatively extensive works reporting increased neurological soft
signs in patients with schizophrenia (Buchanan and Heinrichs,
1989; Rossi et al., 1990; Schroder et al., 1991; Chen et al., 1995,
2000a,b; Gupta et al., 1995; Mohr et al., 1996; Ismail et al., 1998b;
Griffiths et al., 1998; Krebs et al., 2000; Egan et al., 2001a,b;
Keshavan et al., 2003; Chan and Chen, 2007). Heinrichs and
Buchanan (1988) demonstrated that the sequencing of complex
motor acts and the sensory integration occurred more frequently
than in those with other psychiatric disorders. Chan and Chen
(2007) further provided the empirical data on the sensitivity and
specificity of the three soft signs subscales of the Cambridge
Neurological Inventory among a group of Chinese schizophrenic
patients from those of healthy controls. The three subscales of soft
signs showed a relatively better sensitivity and specificity as
compared with the hard signs subscales. Improvement in
sensitivity and specificity was further demonstrated when the
subscales were collapsed into total soft signs. A cut-off of four in
the total soft signs yields a sensitivity of 0.63 and specificity of 0.71,
whereas a global cut-off of five in total neurological soft signs gets a
sensitivity of 0.81 and specificity of 0.73.

However, we have argued (Gould and Gottesman, 2006; Hasler
et al., 2006) that we should be cautious about these psychometric
issues when evaluating the criteria of endophenotypes. Endophe-
notypes are conceptually different from diagnostic biomarkers.
The former relates to and reflects genetically relevant aspects of
the heterogeneous pathophysiology of the psychiatric illness,
whereas the latter is evaluated by measures of sensitivity and
specificity. We are, like many others, still uncertain that the
current definitions of psychiatric illnesses are biologically valid.
Recent studies also demonstrated the possibility of a maturation
deficit leading to increased neurological soft signs in adult
schizophrenic subjects (e.g., Karp et al., 2001); high prevalence
of neurological soft signs in other neuropsychiatric disorders such
as depression (Kinney et al., 1999; Krebs et al., 2000; Boks et al.,
2004) and obsessive-compulsive disorders (Bolton et al., 1998,
2000) are commonly reported. Such empirical findings suggest a
relatively poor specificity of neurological signs in discriminating
schizophrenia from other psychotic disorders. These findings are in
accordance with the study of endophenotypes of schizophrenia.

Most recent empirical evidence suggests that these disorders (i.e.,
from unipolar depression to schizophrenia) share some etiological
and pathophysiological features, particularly between bipolar
depression and schizophrenia (Berrettini, 2000; Valles et al., 2000;
Potash et al., 2001), including genes (Owen et al., 2007). Table 2
shows that the criteria of neurological soft signs and as the
potential endophenotypes for schizophrenia.

7. Neuroanatomical and cognitive neuroscience evidence of
neurological soft signs

7.1. Structural imaging studies on neurological signs in schizophrenia

Only a few studies of chronic schizophrenic patients have
investigated the anatomical substrates of neurological soft signs.
The presence of neurological soft signs has been associated with an
enlargement of cerebral ventricles (Weinberger and Wyatt, 1982),
and with smaller brain areas (DeMyer et al., 1988), whereas no
correlation has been found between neurological soft signs and the
calculated ratio between the width of the ventricles and the brain
(Kolakowska et al., 1985).

For the first-onset schizophrenia, Rubin et al. (1994) indicated
that the neurological soft signs were associated with cortical
rather than sub-cortical regions. In particular, they reported an
association between neurological soft signs and shorter brain
length and wider left Sylvian fissure, together with a tendency for
patients with more neurological abnormalities to have smaller
brain volume, more cerebrospinal fluid in the sulci and cisterna on
the brain surface, increased width of the right Sylvian fissure and
smaller temporal horn volume. However, Kolakowska et al. (1985)
indicated that there was no indication that neurological soft signs
were associated with greater volume of lateral ventricles. Dazzan
et al. (2004) adopted a high-resolution MRI and voxel-based
methods to examine the neural substrates of neurological soft
signs in a group of 77 first-onset schizophrenia. They found that
higher rates of motor coordination and sensory integration signs
were associated with a reduction of grey matter volume of
subcortical structures, including putamen, globus pallidus and
thalamus. Moreover, sensory integration signs were additionally
associated with volume reduction in the cerebral cortex, including
the precentral, superior and middle temporal, and lingual gyri.
Such relationships were independent of medication. Dazzan et al.
(2006) found that similar associations were also demonstrated in
43 healthy volunteers. In particular, higher rates of neurological
soft signs were associated with a reduction of inferior frontal
gyrus, middle and superior temporal gyrus, and anterior cingulate
gyrus.

7.2. Neurological soft signs and cognitive impairments

Motor coordination signs are specifically associated with
impairments in action and attention inhibition (Mohr et al.,
1996, 2003; Cuesta et al., 1996; Wong et al.,, 1997; Chen et al.,
2001a,b) as well as with verbal performance (Merriam et al., 1990;
Flashman et al., 1996) and visual-spatial memory (Cuesta et al.,
1996; Arango et al., 1999; Sanders et al., 2004). However, it should
be cautioned that verbal performance has been shown to be
associated with general intelligence and executive function, and it
has been suggested that prefrontal cortex is critically involved (e.g.,
Duncan et al., 2000). Moreover, recent functional neuroimaging
data also supported the involvement of the supplementary motor
area (bilaterally) in the genesis of motor soft sign in schizophrenia
and healthy volunteers (e.g., Schroder et al., 1995; Chan et al., 2006,
submitted for publication-a,b; Rao et al., submitted for publica-
tion). Mohr et al. (1996) and Smith et al. (1999a,b) also showed that
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Summary of findings: criteria of neurological soft signs as the candidate endophenotypes for schizophrenia

Criterion

Evidence

Existing issues to be addressed

Directions for future studies

Association with
schizophrenia

Heritability

State-independence
of the illness

Familial association

Co-segregation

Measurement
issues

Extensive findings have consistently shown
a higher prevalence of neurological signs
among patients with schizophrenia
compared to healthy controls

Not well-studied. Available data suggest
that there were modest evidence of

the heritability of frontal release
(neurological soft) signs in non-
psychotic siblings of patients

with schizophrenia

Robust findings on the state-
independence of the illness

Extensive evidence, from comparison
between non-psychotic siblings of
patients with schizophrenia and
healthy controls, for familial
association of neurological

soft signs in schizophrenia

Extensive evidence showing that
healthy relatives of patients with
schizophrenia exhibited the
intermediate level of impairments
of neurological soft signs between
patients with schizophrenia and
healthy controls

Extensive findings to support the
notion that neurological soft signs
can be reliably assessed via a series
of standardized clinical ratings.
Impressive test-retest reliabilities
and sensitivity have been
demonstrated. Partial evidence of
brain regions involved has also
been supported by preliminary
imaging studies

Schizophrenia is a complicated illness
with a wide spectrum disorders. The
majority of studies have focused on
patients with schizophrenia

Not clear whether similar association
appears to exist in community-dwelling
individuals with schizotypal personality
features

Very limited data (no twin data identified)
to validate the heritability of neurological
soft signs in schizophrenia

There are potential ethnic and cultural
variations of neurological soft signs

Most of the studies are limited to cross-
sectional designs. Very limited findings

were generated from prospective longitudinal

study designs from high-risk to first-onset,
stabilization of symptoms, and remission
status. The available longitudinal data

were all limited to motor coordination signs

Limited number of twin studies and small
sample sizes to substantiate the share
genetic liability between schizophrenia
and neurological soft signs

Limited number of twin studies and small
sample sizes to substantiate the share
genetic liability between schizophrenia
and neurological soft signs

Neurological soft signs are also commonly
found in other neuropsychiatric disorders
such as bipolar disorders (relatively

poor specificity)

Reliability may varies across different levels

of complexity of the signs

Extend the study of prevalence of
neurological soft signs to individuals
of the schizophrenia spectrum
disorders; attend to moderators

of comorbidity and DSM-IV subtypes
of schizophrenia

Conduct large scale twin study
(either healthy cohorts or disease
group) to examine heritability of
various domains of neurological
soft signs

Examination of specific genes
association with various
neurological soft signs

Conduct cross-ethnic and cross-
cultural studies to validate the
potential genetic-environmental
interaction

Use prospective longitudinal study
to follow up the change of various
domains of neurological soft signs

Conduct large family and twin studies
of schizophrenia and neurological
soft signs that collect molecular
genetic data. Use empirical strategies
to minimize the potential confounds
such as associations between
neurological signs and obstetric
complications.

Conduct large family and twin studies of
schizophrenia and neurological soft signs
that collect molecular genetic data. Use
empirical strategies to minimize the
potential confounds such as associations
between neurological

signs and obstetric complications

To better understand the continuum of
phenomenological symptoms stretching
from schizophrenic psychosis to manic-

depressive illness. It involves a re-evaluation

of the construct of unitary psychosis and
the underlying

common psychopathological mechanisms
of these disorders (i.e., from unipolar
depression to schizophrenia)

Development of a more scientific and
quantifiable paradigm of neurological
soft signs with the help of neuroimaging
and kinesiological techniques

Experimental measures may be more objective
and quantifiable for further study

the sequencing of complex motor acts of the NES has the highest
correlation with executive functioning.

On the other hand, sensory integration signs were generally
related a wider range of neurocognitive functions in addition to
executive functions and intellectual functioning (Heinrichs and
Buchanan, 1988; Bombin et al., 2005). In schizophrenia, there is
evidence for a generalized cognitive decline, which affects

performance in verbal functioning (Bilder et al.,, 1992). Verbal
ability is relatively robust in schizophrenia, at least compared with
some other ability areas. For example, Heinrichs et al. (in press)
reported on a sample of patients with superior ability (>95th
percentile) on the Vocabulary subtest of the WAIS-III. We looked
for, and found, high functioning patients. However, whereas 25/
151 scored at superior levels on Vocabulary, only 1/151 even
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managed above average scores in verbal declarative memory
(California Verbal Learning Test). If verbal ability is varying with
motor function it must be that both are reflecting a very diffuse and
multisystem process. Again, the last century of human lesion
studies shows that these abilities are dissociable. The extremely
high association between sensory integration and verbal perfor-
mance suggests that presence of the latter is probably a reflection
of generalized cognitive impairment. Ross et al. (1998) also found
that sensory integration items were the most frequent predictors
of eye-tracking performances in chronic schizophrenia. Disinhibi-
tion signs are found to be associated with sustained attention and
blink rate in schizophrenia (Chan and Chen, 2004a,b). Intense
blinkers exhibited significantly disinhibition soft signs and
impairment in inhibiting their behavioural responses compared
to rare blinkers in schizophrenia (Chan and Chen, 2004a).

Moreover, Chan and Chen (2004b) demonstrated that sig-
nificant relationships were found between specific executive
function components and neurological soft signs. Specifically,
motor coordination was correlated with attention inhibition
component, verbal performance and visual memory; sensory
integration was correlated with initiation component and verbal
functioning; and disinhibition signs were associated with atten-
tion inhibition component. Chan et al. (submitted for publication-
a,b) further demonstrated motor coordination and disinhibition
signs were specifically associated with working memory involving
visual component and the executive aspect of action modulation
on disinhibition in patients with chronic schizophrenia. These
findings suggest that motor coordination and disinhibition involve
common neural substrates of higher cognitive functioning rather
than simple “pure” motor movement. Our most recent findings
(Chanetal.,2004a,b) showed that there were significant regression
relationship between neurological soft signs, as measured by the
Cambridge Neurological Inventory, and different domains of
neurocognitive functions (executive attention, verbal and visual
memory) a group of schizophrenic patients and healthy volunteers
using the structural equation modeling technique. The regression
coefficients were at medium to large effect sizes (r ranges from
—0.75 to —0.83, p < 0.01. Given the above imaging evidence and
these preliminary findings, it is speculative that that these
neurological soft signs and conventional neurocognitive functions
tests may capture very similar constructs or share common neural
substrates. However, more empirical evidence using different
methodologies and different stages of illness is needed to verify
such a hypothesis.

Despite the acceptable psychometric properties for some of the
standardized rating scales of neurological soft signs, these scales
are limited by the subjectivity of the raters. The development of a
more scientific experimental paradigm is urgently needed to better
quantify and locate the corresponding brain regions involved. It is
very feasible to develop objective measures of motor coordination,
sensorimotor integration and complex movements. In fact some of
these measures already exist in some form. For example, in an early
meta-analysis (Heinrichs and Zakzanis, 1998) a mean Cohen'’s d of
1.30 for motor skill based on bilateral hand trials on the Purdue
Pegboard was found. Unfortunately, it was based on only five
studies. Still, it compared with d=0.86 for unilateral dominant
hand measures primarily of speed and dexterity rather than
coordinated performance. Tactile-transfer tasks (sensory integra-
tion) also yielded a big mean d (0.98), but there was a lot of
variability. There may be more recent findings on objective
coordinated/complex motor tasks. Given the significant associa-
tion between neurological soft signs and some of the neurocog-
nitive functions such as attention and working memory, the most
recent advances in imaging techniques and the related knowledge
of kinesiology may help further clarify the underlying neural

substrates between neurological soft signs and neurocognition
functions.

Having said that, the use of rating scales remains important in
clinical practice because they are relatively simple to use,
inexpensive and can be easily incorporated into the clinical
routine. Taken together, the nature and characteristics of the
neurological soft signs testing suggest that this test can be more
feasible for clinicians to screen for any cognitive impairment in
schizophrenia.

8. Genetic modeling studies

An endophenotype-based approach has the potential to assist
in the genetic dissection of psychiatric diseases. Meyer-Lindenberg
and Weinberger (2006) illustrate that there are at least two
fungible equivalents for endophenotypes as tools for schizophre-
nia. In the gene discovery approach, the deficiencies in the
electrophysiological response to auditory stimulation were used to
identify an association of schizophrenia with the a 7 nicotinic
cholinergic receptor (Freedman et al., 1997). Prefrontal cortex
dysfunction has been linked to catechol-O-methytransferase
(COMT) and GRM3 genetic variation (Egan et al.,, 2004), and
emotional regulation has been linked to variation in COMT,
monoamine oxidase A (MAOA) and the serotonin transporter
length polymorphism (5-HTTLPR/SLC6A4) (Pezawas et al., 2005;
Heinz et al., 2005), and so could have been hypothetically
employed as a phenotype to identify these genes. In the neural
mechanism approach, genes known to be associated with
schizophrenia are used to discover neural mechanisms mediating
their complex emergent phenotypic associations, implicating
these mechanisms in schizophrenia to which they have been
linked. The use of COMT Val158Met polymorphism to characterize
prefrontal function and prefrontal-midbrain interactions (Meyer-
Lindenberg and Weinberger, 2006; Egan et al.,, 2001a), and the
GABA A receptor (Yee et al., 2005) have been linked to risk for
schizophrenia and their related sensorimotor deficits (Bender
et al., 2007).

However, very little is known about the candidate genes for
neurological soft signs in schizophrenia and other neuropsychia-
tric disorders. There are only two studies identified from the
literature examining the potential association between neurolo-
gical soft signs and serotonin dysfunction in schizophrenia. Chen
et al. (2001a,b) conducted a case-control study of the T102C
polymorphism with detailed characterization of the clinical
phenonotypes to examine the possible association with schizo-
phrenia in 471 patients with schizophrenia and 523 unrelated
healthy controls of Han Chinese. They found that there was a
significant association with small to modest effect size between
genotype 102T/102C and patients with better verbal fluency and
less motor coordination soft signs. However, Abdolmaleky et al.
(2004) have shown that there was no significant association with
the C allele or CC homozygosity in East Asian countries, indicating
strong genetic differences and non-combinability of data between
European and East Asian populations. Given that serotonin is
associated with dopamine release and that polymorphism of
serotonin receptor gene might be related to the clinical features
and cognitive function in schizophrenia, an exploration of the
HTR2C in relation to cognitive functioning in this clinical group will
be of theoretically and clinically meaningful. There is a need for
future cross-cultural large-scale studies on the possible associa-
tions between genetic polymorphisms and neurological abnorm-
alities in schizophrenia.

On the other hand, Galderisi et al. (2005) linking COMT,
cognitive symptoms and motor soft signs (motor coordination and
complex motor sequencing of the NES subscales) in a group of 56
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patients with deficit schizophrenia and 50 patients with non-
deficit schizophrenia, and found that the COMT Vall58Met
polymorphism is associated with cognitive and motor deficits in
schizophrenia as a whole group or in the deficit subtype. In
particular, the COMT polymorphism accounted for 6.6% of the
cognitive performance variance, while patients with Val/Val
genotype performed significantly worse than patients with the
Val/Met or Met/Met genotype. The COMT polymorphism also
shared 15.6% of the motor impairment variance in the deficit
group, while showing no association with this variable in patients
with non-deficit schizophrenia. The deficit group also exhibited
more motor coordination and complex motor sequencing than the
non-deficit group.

9. Conclusions

In this paper, we argue that the clinical manifestations of
elicited or measured neurological soft signs can be considered to be
among the candidate neurological and cognitive endophenotypes
for schizophrenia. We provide substantial evidence to support the
claims that neurological soft signs, motor coordination in
particular, meet many of the criteria discussed above to evaluate
the suitability of the presence of neurological soft signs as
endophenotypes for schizophrenia. However, there are also several
unresolved issues for the study of neurological soft signs as
candidate endophenotypes for schizophrenia. The most crucial
issues to be tackled include: (1) the lack of a twin database (either
on healthy twin cohorts or twin data with one individual suffering
from schizophrenia), (2) the lack of studies to examine the
association with individual genes and complexity of neurological
soft signs in schizophrenia and (3) a lack of a more rigorous
methodology to measure and quantify neurological soft signs. The
twin database and the identification of specific genes association
with neurological soft signs are elementary criteria for heritability,
familial association, and co-segregation. With the completion of
human genome and the establishment of SchizophreniaGene
(www.SzGene.org) database, it is now feasible to test the
association of candidate genes and neurological soft sign impair-
ments in schizophrenia.

Despite the acceptable psychometric properties for some of the
standardized rating scales of neurological soft signs, these scales
are limited by the subjectivity of the raters. The development of a
more scientific experimental paradigm is urgently needed to better
quantify and locate the corresponding brain regions involvement.
It is very feasible to develop objective measures of motor
coordination, sensorimotor integration and complex movements.
In fact some of these measures already exist in some form. For
example, in an early meta-analysis (Heinrichs and Zakzanis, 1998)
a mean Cohen’s d of 1.30 for motor skill based on bilateral hand
trials on the Purdue Pegboard was found. Unfortunately, it was
based on only five studies. Still, it compared with d=0.86 for
unilateral dominant hand measures primarily of speed and
dexterity rather than coordinated performance. Tactile-transfer
tasks (sensory integration) also yielded a big mean d (0.98), but
there was a lot of variability. There may be more recent findings on
objective coordinated/complex motor tasks. Given the significant
association between neurological soft signs and some of the
neurocognitive functions such as attention and working memory,
the most recent advances in imaging techniques and the related
knowledge of kinesiology may help further clarify the underlying
neural substrates between neurological soft signs and neurocogni-
tion functions.

In short, we believe that neurological soft signs can serve as one
of the indicators bridging the gap between the macroscopic level of

clinical manifestations and the microscopic level of genomics and
brain structures in understanding the etiology of schizophrenia.
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