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CHAPTER 6 
(Published Acta Psychiatrica Scandinavica. 2004 Jul;110(1):29-35.)

NEUROLOGICAL SOFT SIGNS 
DISCRIMINATING MOOD DISORDERS FROM 

FIRST EPISODE SCHIZOPHRENIA.

Marco P.M. Boks, Peter F. Liddle, Johannes G.M. Burgerhof, Rikus Knegtering, Robert J. van den Bosch.
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ABSTRACT

Objective: To investigate the specifi city of neurological soft signs (NSS) for fi rst episode schi-
zophrenia compared to mood disorders. Method: We assessed NSS in a sample of 60 healthy 
controls, 191 fi rst episode psychosis patients and 81 mood disorder patients. We used a 
principle component analysis to identify dimensions of NSS. We subsequently investigated the 
specifi city of these dimensions for schizophrenia and their relationships with medication and 
symptom scores. Results: We identifi ed 5 dimensions; coordination disorders, movement dis-
orders, increased refl exes, dyskinesia and catatonia. These dimensions were related to neural 
circuits associated with schizophrenia and mood disorders and included the fronto-striatal-
thalamic and the fronto-cerebellar pathway. The movement disorder dimension, which was 
suggestive for the involvement of the fronto-striatal-thalamic pathway, was specifi c for fi rst 
episode schizophrenia independent from medication. Conclusion: NSS are the result of circui-
try dysfunctions rather than overall dysfunction and a particular set of NSS shows specifi city 
for schizophrenia.

INTRODUCTION

In the past years our knowledge about NSS in fi rst episode psychosis has rapidly increased. 
It has become clear that the prevalence of NSS is higher in fi rst episode psychosis compared 
to healthy volunteers and is also present in medication naive schizophrenia patients (Venka-
tasubramanian et al. 2003). However NSS are also apparent in numerous other psychiatric 
disorders including mood disorders (Boks et al. 2000). Therefore further research is required 
to investigate the specifi city of NSS for schizophrenia (Dazzan and Murray 2002). Particularly 
because the presence of NSS in other psychiatric disorders does not rule out the possible exi-
stence of NSS, or indeed categories of NSS, that are specifi c to schizophrenia. In our review 
(Boks et al. 2000) we found evidence of increased NSS in schizophrenia and mood disorders 
but could not fi nd evidence for a clearly interpretable pattern. Therefore we hypothesised that 
the current categories or clusters of NSS were relatively uninformative about the diagnostic 
signifi cance of NSS. Although over the past decades several categories of NSS have been 
composed (Kinney et al. 1991;Chen et al. 1995;Buchanan and Heinrichs 1989;Kinney et al. 
1999;Matsumoto et al. 2001) none of them was based on an empirical method. Only the di-
vision of signs by Kinney et.al. (1999) was suggestive for possible aetiology of NSS. Therefore 
the neuropathology of NSS remains subject to debate. 

From all assessments the Neurological Evaluation Scale (NES) was most frequently used and 
also the only scale with validated categories of NSS in terms of internal consistency (Bucha-
nan and Heinrichs 1989). However the NES is not fully comprehensive and the categories 
are not based on an empirical method. The Cambridge Neurological Inventory (CNI) (Chen 
et al. 1995) is the most comprehensive assessment, but in term does not present validated 
categories nor measures of internal consistency. With this study we attempt to illuminate the 
complex relationship between diagnosis and NSS. This could improve our insight in possible 
underlying neuropathology.
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Aim of the study is to identify meaningful empirical categories of NSS, which show internal 
consistency. Subsequently we examine the differences between fi rst episode schizophrenia and 
mood disorder patients, controlling for age and medication effects, in order to establish which 
NSS are specifi c for schizophrenia. Finally, we investigate the relationships between these ne-
wly derived dimensions of NSS and symptom profi le in the fi rst episode schizophrenia group.

METHODS

From 1996 to 2002 all newly admitted patients, aged between 18 and 55, in the department 
of psychiatry at the university hospital Groningen with a fi rst episode psychosis and all pa-
tients admitted with a clinical depression between 1999 and 2001 were asked to participate 
in this study. After complete description of the study written informed consent was obtained. 
The subjects were investigated by means of the CNI (Chen et al. 1995), a comprehensive 
standardised neurological investigation. This inventory includes 76 NSS and includes most NSS 
from the NES (Buchanan and Heinrichs 1989) along with other NSS. Three trainees in psychi-
atry and one neurologist conducted the examinations. Interrater reliability between raters for 
the total score was assessed in 40 subjects and was good (intraclass correlation = 0.83). Raters 
were blind to the hypothesis but not to the diagnosis. Diagnosis were made according DSM 
IV by means of the SCAN interview (Wing et al. 1990). Healthy volunteers were recruited with 
several advertisements in local papers. They received a semi-structured interview to assess 
medical history and current complaints. Only volunteers without personal psychiatric history, 
with a negative psychiatric family history and without current medication were included. Sub-
jects with a score higher than 2 on the General Health Questionnaire (Goldberg and Williams 
1988) were also excluded to avoid morbidity in the volunteers. 

We analysed our data in three steps. Firstly we reduced the number of signs for inclusion in 
the subsequent analysis by excluding those signs which did not discriminate between patients 
and controls. Secondly we identifi ed the categories of NSS in the pooled patients by using a 
principal component analysis. Finally we investigated whether the derived dimensions sho-
wed specifi city for the schizophrenia group independent from possible confounders and how 
these dimension related to symptoms. In the schizophrenia group we included patients with 
schizophrenia and schizophreniform disorder. 

Because the ratio of variables from the CNI compared to the number of cases was high, we 
reduced the number of signs fi rst. After we established the absence of signifi cant right/left 
differences we took the means of the signs where both sides were rated. Furthermore, be-
cause we were only interested in those signs that distinguished between patients and normal 
controls, we only included NSS from our dataset that showed a signifi cant difference between 
both groups (Mann-Whitney tests with a signifi cance level of 0.05). We did not correct for 
multiple comparisons because the tests were only intended for the reduction of number of 
signs. With the resulting subset of 50 signs we conducted a principal component analysis 
with subsequent Varimax rotation with Kaiser normalisation. We designated a factor loading 
of 0.45 as acceptable. We based the number of factors on a scree plot and we calculated the 
Cronbach’s α as a measure of internal consistency. 
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Subsequently we investigated the specifi city of the NSS dimensions for the diagnostic groups. 
However, we needed to correct for the possible infl uence of confounding variables such as 
medication, age and sex, on the dimension scores. We therefore used binary logistic regres-
sion with as the predicted variable diagnosis (either schizophrenia or mood disorder) and as 
the predictor variables the NSS dimension scores, medication variables, age and sex. We did 
not use multivariate analysis of variance because the variance in the data was not homogene-
ous. We entered (conditional forward) into our model; the factor scores, age and fi ve binary 
variables representing the presence or absence of antidepressants, mood stabilizers, classical 
antipsychotics, atypical antipsychotics and male sex. We designated as atypical antipsychotics; 
olanzapine, risperidone, quetiapine, ziprasidone, amisulpiride, sertindole and clozapine. We 
had PANSS (Cantor-Graae et al. 1997) data available for 93 of the 128 patients of the fi rst 
episode schizophrenia group and in 142 of the 191 fi rst episode psychosis patients. This limi-
ted availability was the result of logistic problems in obtaining PANSS data for all fi rst episode 
psychosis patients and not the result of selection. To investigate the relationships between 
PANSS score and factor scores we chose the following approach. Because the factor scores 
were not normal distributed, we categorized the scores in quintiles. We subsequently used 
nominal regression to estimate the infl uence of the PANSS scores on the factor scores. In the 
model we included the fi ve factor division of the PANSS (Gunduz et al. 1999), the dosage of 
antipsychotics in haloperidol equivalents based on D2 occupancy (Schotte et al. 1996), and 
the presence or absence of antidepressant drugs.

RESULTS

332 subjects were included in this study: 60 healthy control subjects, 191 patients with a fi rst 
episode psychosis (41 patients with schizophreniform disorder, 87 schizophrenia, 26 schizoaf-
fective disorder, 17 brief psychosis, 7 delusional disorder, 13 psychosis NOS) and 81 patients 
with a clinical depression (40 patients with unipolar depressive disorder, 30 patients with de-
pressive phase of a bipolar mood disorder, 5 patients with mood disorder NOS and 6 patients 
with depressive episode with psychosis). Table 1 shows the clinical and demographic data of 
the pooled patient group (used to extract the factor structure), the schizophrenia group and 
the mood disorder group.

Table 1: Demographic variables.

Pooled Patients Schizophrenia
group

Mood disorders

N 272 128 81

Mean age (S.D.) 28.9 (8.5) 26.2 (6.0) 33.7 (10.8)

Male (%) 177 (65%) 94 (73%) 44 (54%)

Antipsychotics (%) 199 (73%) 112 (88%) 42 (52%)

Mean dose (S.D.) 4.3 (4.1) 5.5 (4.4) 2.8 (3.9)

Antidepressants (%) 56 (21%) 7 (5.4%) 40 (49.4%)

Mood stabilisers (%) 14 (0.5%) 0 (0.0%) 10 (12.0%)
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Based on a scree-plot (fi gure 1) we chose to extract fi ve components. The derived factors are pre-
sented in table 2 with factor loadings and Cronbach’s alpha. Five factors accounted for 30.4% of 
the shared variance. The Cronbach’s alpha was satisfactory, ranging from 0.58 to 0.77.

Figure 1: 
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Table 2: Factors with loadings, explained variance and intra class correlation.

Factor Signs loading Explained 
Variance 
(%)

Cron-
bach’s α

1 coordinati-
on disorders

Tandem walk 0.76 12.0 0.77

Finger-thumb tapping 0.67

Finger thumb opposition 0.67

Balance 0.65

Finger-nose test 0.57

Poor articulation 0.53

Unintelligible speech 0.53

Dysdiadochkinesia 0.46

2 movement 
disorders

Saccade smoothness 0.59 5.1 0.70

Smoothness SPEM 0.58

Postural tremor 0.56

Mirror movement 0.53

Gait decreased movements 0.53

Resting tremor 0.49

Saccade blink suppression 0.48

Impersistent tongue protrusion 0.47

Decreased refl exes lower limbs 0.46

3 Increased 
refl exes

Increased refl exes lower limb 0.66 5.2 0.74

Increased refl exes upper limb 0.64

4 Dyskinesia Complex/Stereotype Head Movement 0.75 4.5 0.69

Trunk-limb mannerism 0.73

Facial dyskinesia 0.67

Trunk-limb dyskinesia 0.60

5 Catatonia Mitgehen 0.58 3.6 0.58

Increased tone arms 0.57

Increased tone lower limbs 0.55

Decreased refl exes 0.51

Underactivity 0.46
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Figure 2: Mean score and 95% Confi dence Interval (CI) on the factors per diagnostic group.

Figure 2 shows the mean scores and 95% confi dence intervals on the factors per diagnostic 
group demonstrating the differences in the scores on particularly factor 2. However the schi-
zophrenia group was signifi cantly younger (t-test two tailed, t= 5.7, p<0.001) and included 
more male patients (chi square = 8,1, p=0.004). And as can be expected used antipsychotics 
more frequently (chi square = 33.1, p<0.001) and in higher doses (t-test two tailed, t= 4.7, 
p<0.001) in contrast to the mood disorder group. The latter used antidepressants (chi square 
= 54.9, p<0.001) and mood stabilisers (Fisher Exact, p<0.001) more frequently.

Table 3: Variables in the binary regression model predicting diagnosis.

 B S.E. Wald df Sig. Exp(B)

Moodstabilizers 11,96 ,848 22,546 1 ,000 45,249

Antidepressants 3,267 ,455 31,443 1 ,000 13,920

Age 0,110 ,027 16,221 1 ,001 1,114

Classical antipsych. -1,157 ,508 3,754 1 ,019 0,303

Atypical antipsych. -1,718 ,507 8,252 1 ,002 0,209

Factor2 ,4836 ,195 6,140 1 ,013 0,130

Constant -3,058 1,15 12,610 1 ,008 0,031
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Table 3 shows the statistics of our binary logistic regression model. As expected, the usage 
of antidepressants, mood stabilisers and antipsychotics was related to the diagnosis. And in 
agreement with the fact that patients in the fi rst episode schizophrenia group were signifi -
cantly younger compared to the mood disorder patients, age was also a good predictor of 
diagnosis in our sample. Factor 2 (movement disorders) was signifi cantly higher in the schizo-
phrenia group (β=0.48, p= 0.013) independent from medication and other confounders. The 
overall fi t of the models was satisfactory (Nagelkerke R-square = 0.67). 

We further investigated the neurological soft sign dimensions by exploring the relation bet-
ween factor scores and possible confounding variables. There was a signifi cant greater male-
female ratio in the fi rst episode schizophrenia group compared to the mood disorder group 
but no signifi cant differences on factor scores between the male and female patients. There 
also was no correlation between age and any of our dimensions of NSS. 

There was a signifi cant but small positive correlation between the movement disorder dimen-
sion and the dose of antipsychotics haloperidol equivalents based on D2 occupancy (Kendall’s 
tau; 0.16, p<0.001). When focussing on the fi rst episode schizophrenia group alone, the 
correlation was similar (Kendall’s tau; 0.20 p<0.01). In mood disorder patients this correlation 
was absent (Kendall’s tau; 0.04 p=0.68). After correction for multiple comparisons, patients 
on antipsychotics scored signifi cantly higher on the movement disorder dimension compared 
to patients without antipsychotics (Mann-Whitney Z=2.8 p=0.006). However this could be 
the result of the fact that in fi rst episode schizophrenia group, patients were two times more 
likely to use antipsychotics and had signifi cantly higher doses of antipsychotics. To further 
explore the infl uence of antipsychotics, we compared the dimension scores between patients 
on classical and on atypical antipsychotics. We found that scores on the movement disorder 
dimension was signifi cantly higher in patients on classical compared to patients on atypical 
antipsychotics (Mann-Whitney Z=4.0, p<0.001). This difference remained signifi cant within 
the schizophrenia group alone. Moreover this relationship was independent from the extra-
pyramidal signs included in this factor; tremor in rest and decreased movements in gait. There 
were no differences in the ratios of patients on typical versus atypical antipsychotics, between 
the fi rst episode psychosis and mood disorder groups.

No differences on dimension scores could be found between the groups of patients with and 
without antidepressant treatment.

We explored the relationship between symptom profi le and the NSS in the patients with 
fi rst episode psychosis group and the subgroup of fi rst episode schizophrenia by means of 
nominal logistic regression. From the model we found that factors 3 (increased refl exes), 4 
(Dyskinesia) and 5 (Catatonia) were associated with negative symptoms (Chi-square = 7.1, 
p=0.03, Chi-square =11.9, p=0.02, Chi-square =11.3, p=0.02); factor 5 was also associa-
ted with depressive symptoms (Chi-square =11.3, p=0.02) and factors 1(coordination) and 2 
(movement) were independent of the symptom profi le. In the schizophrenia group only, the 
factors were independent from symptom profi le.
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DISCUSSION

This is the fi rst study to identify a set of NSS that discriminates fi rst episode schizophrenia and 
schizophreniform disorder patients from mood disorder patients independent from medica-
tion and other possible confounders. It presents fi ve categories of NSS that are suggestive of 
specifi c underlying neuropathology. They seem to point to the involvement of several specifi c 
pathways in NSS rather than the involvement of single brain structures or overall dysfunction. 

The fi rst dimension mainly consists of coordination tasks and seems to refl ect fronto-cerebel-
lar malfunctions. It consists of the traditional cerebellar tasks of tandem walk, dysdiadocho-
kinesia and balance, and fronto cerebellar coordination tasks such as fi nger nose and fi nger 
tapping combined with articulation, speech and tongue movement (Leiner et al. 1986). The 
latter signs are to a large extent dependent on frontal brain regions and it is interesting to 
note that cognitive tests such as the verbal fl uency test, which is impaired in schizophrenia 
patients (Heinrichs and Zakzanis 1998), combines speech functions with frontal cognitive im-
pairment. Recent studies have also pointed to the role of the cerebellum in cognitive functions 
(Rapoport et al. 2000) and cerebellar dysfunction has already been related to schizophrenia 
(Eluri et al. 1998;Katsetos et al. 1997) and depression (Sweeney et al. 1998). Furthermore the 
theory of “cognitive dysmetria” (Andreasen et al. 1999;Nopoulos et al. 1999) associates cog-
nitive dysfunction and impaired motor coordination with cerebellar dysfunction. Our results 
therefore seem to support evidence for the involvement of the cerebellum in schizophrenia 
and mood disorders. They also suggest a common pathway of both coordination and speech 
diffi culties. This is therefore suggestive of the involvement of the dorsolateral prefrontal cor-
tex in this particular dimension.

The second dimension is largely composed of items usually regarded as parkinsonian, and eye 
movement disorders. The combination of eye movement disorders with other motor dysfunc-
tions is supported by evidence of the relationship between motor tasks and eye movement 
disorders (Schlenker et al. 1994;Ross et al. 1998). In eye movement disorders frontal cortical 
structures such as the frontal eye-fi eld are involved along with regions within the midbrain 
and brainstem. In impersistent tongue protrusion, mirror movements and saccade blink sup-
pression; the common denominator, lack of inhibition, points to the involvement of the fron-
tal cortex. The inclusion of tremors, decreased refl exes of the legs and decreased movements 
in gait seem to be pointing to the involvement of the basal ganglia in this dimension. The 
inclusion of reduced refl exes of the lower limbs in this dimension is surprising. However, it 
has a factor loading just above our threshold. It is therefore not unlikely that the inclusion 
of this particular sign is an artefact. Overall, all of the included signs in this dimension seem 
dependent on the fronto-striatal-thalamic pathway. Indeed, the involvement of the basal gan-
glia would explain the small but signifi cant correlation with the use of antipsychotics. In that 
respect it is interesting to note that this dimension is the only dimension that is infl uenced by 
antipsychotics which concurs with evidence of the importance of the mesolimbic dopaminer-
gic circuit as a target area of antipsychotic treatment (Joyce et al. 1997).

The inclusion of eye movement disorders in the most specifi c dimension is consistent with the 
growing evidence of the specifi city of eye movement disorders for schizophrenia (Mahlberg et 
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al. 2001). Gschwandtner et.al. (2003) suggested the use of a combination of eye-movement 
and fi ne motor functioning assessment as a marker for the early detection of psychosis. The 
infl uence of antipsychotics on eye movement disorder is subject to debate. There is evidence 
of the absence of infl uence of conventional antipsychotics in the short term, but increased 
infl uence in the long term (Levy et al. 1993;Crawford et al. 1995;Hutton et al. 2001). As the 
subjects in our study were fi rst episode schizophrenia and schizophreniform disorder patients 
their exposure to antipsychotics was short and the infl uence of classical antipsychotics on 
their eye-movements therefore limited. In accordance with the relationship we found bet-
ween this dimension and the use of atypical antipsychotics, there is compelling evidence that 
atypical antipsychotics do improve eye movement disorders even in the short term (Sweeney 
et al. 1997;Friedman et al. 1992). 

Dimension 3 (increased refl exes) has the fewest items and consists only of increased refl exes. 
The observed relationship with the negative symptom score on the PANSS after controlling for 
diagnosis and medication remains to be explained. Dimension 4 clearly consists of dyskinesia 
signs. It is interesting to note that this dimension does not distinguish mood disorder patients 
from fi rst episode patients but does discriminate between control subjects and patients. This 
is consistent with previous evidence that dyskinesia occurs in both schizophrenia and mood 
disorders (Van Os et al. 1997). In agreement with earlier reports on the relationship between 
tardive dyskinesia and negative symptoms (Gattaz et al. 1992) the dyskinesia dimension is 
related to the negative dimension on the PANSS score.

The common denominator of dimension 5 lies in the association with catatonia signs. De-
creased refl exes, underactivity and ‘mitgehen’ (related to waxy fl exibility) are core features 
of the classical concept of catatonia. Increased muscular tone seems to contradict with de-
creased refl exes but would cluster together as different presentations of catatonia, with and 
without increased motor activity (Joseph 1999). It concurs with evidence that catatonia signs 
are more apparent in schizophrenia compared to healthy controls, but are not discriminating 
mood disorders from schizophrenia (Starkstein et al. 1996). Moreover the relationship bet-
ween scores on the negative dimension of the 5 factor PANSS division and factor 5 is similar to 
the relationship between catatonia and negative symptoms (Chen et al. 1996;Dhossche and 
Petrides 1997). The relationship between the depression dimension of the PANSS and factor 
5 (Catatonia) remains unexplained as yet. However we hypothesise it might be the result of 
motivational problems in fi rst episode schizophrenia group with depressed features during 
the assessment of these signs. 

It must be pointed out that the assessment of the eye-movement disorders was based on 
observation only and no electrophysiological measures were taken. Therefore caution with 
the interpretation of the meaning of the movement disorder dimension is appropriate. Neuro-
imaging or other brains mapping studies are required to confi rm our fi ndings. The fact that 
the mood disorder group in contrast to the schizophrenia group was not a fi rst episode 
group might account for some differences between the groups but we consider it is unlikely 
to account for our main fi ndings. There is evidence that NSS are not related to age or illness 
duration (Chen et al. 2000). Moreover, if there was a systematic effect one would expect an 
increase in NSS with age and illness duration in the mood disorder group which would ob-
scure the differences between groups. Whereas it is increasingly clear that cognitive function 
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is an inherent part of psychiatric disorders it would be informative to see how our dimensions 
relate to cognitive functions. Especially since both the cortico-cerebellar and cortico-striatal-
thalamic pathways are associated with cognitive dysfunction.

Overall this study suggest that NSS are the representation of well knows concepts within 
schizophrenia and mood disorders. As we found the differences between schizophrenia and 
mood disorders for most NSS to be gradual, this study concurs with an increasing number of 
studies pointing towards a continuity of schizophrenia and affective disorders from a clinical 
and genetic perspective (Maier et al. 1993;Taylor 1992;Wildenauer et al. 1999). 

Nevertheless we did fi nd clear differences between the two diagnostic groups. The movement 
disorder dimension of NSS discriminates mood disorder and schizophrenia group indepen-
dent of medication. Our study therefore supports the hypothesis that the impairment in the 
cortico-striatal-thalamic circuit is one of the most specifi c fi ndings in schizophrenia (Weinber-
ger et al. 1992). The infl uence of atypical antipsychotics on the movement disorder dimension 
is noteworthy. Our data points to an infl uence of atypical antipsychotics on this dimension of 
NSS and therefore to an infl uence of atypical antipsychotics on the fronto-striatal-thalamic 
pathway. Because this infl uence does not manifest itself in changes in the extra-pyramidal 
signs it is suggestive of an infl uence of atypical antipsychotics on the fronto-striatal-thalamic 
pathway as a whole rather than on the striatum alone. Although this is not a new fi nding, it 
is a confi rmation of the validity of our approach. As was the discovery of additional evidence 
of the infl uence of the cerebellum in schizophrenia and mood disorders. 
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