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Abstract

Neurological soft signs (NSS) are likely to represent abnormal neurodevelopment and aberra-
tion in neural maturation and connectivity. They may not be unique to schizophrenia, but they
appear to be a trait characteristic in psychosis and therefore could serve as an objective measure
for the assessment of serious psychiatric disorder in the prodromal phase, at onset, and along the
course of the disease. Evidence so far proposes that NSS are independent of antipsychotic
treatment and therefore constitute a trait symptom, independent of the illness stage and
medication. Somatomotor and somatosensory regions, spatial orientation, and visual proces-
sing areas, cerebellum, and basal ganglia are implicated as possible structural substrates of NSS.
Several studies have examined the relationship between NSS and schizophrenia positive,
negative symptoms and deficit syndrome; however, results have been so far ambiguous.
Neurocognitive symptoms have been moderately related to NSS suggesting that neurocognitive
deficits may contribute to the construct of NSS. Regardless of the fact that NSS are not unique to
schizophrenia but extend across to the schizotypy continuum, they may help identify individ-
uals at risk of developing schizophrenia later in life.

Introduction

Schizophrenia is a rather complex andheterogeneous disorder and its etiology has been a constant
cause for debate for decades.1 According to the neurodevelopmental hypothesis, schizophrenia
may involve several pathological processes that begin before the brain approaches its adult
anatomical state in adolescence, and are caused by both genetic and environmental factors.2, 3

The neurodevelopmental hypothesis has gained a lot of support from genetic, imaging, and
epidemiological studies.4 Neurological soft signs (NSS) are likely to represent abnormal
neurodevelopment,5 and aberration in neuralmaturation and connectivity.6 The pathophysiology
ofNSS seems to be related to frontoparietal and cerebellar network dysfunction7 but a clear neuro-
dysfunctional basis and underlying circuits that are involved are still under investigation.8, 9 Their
presence in children who later develop schizophrenia provides further support for a neurodeve-
lopmental etiology of schizophrenia.10 NSS are subtle neurological abnormalities in sensory
integration, motor coordination, and sequencing of complex motor acts.11 A meta-analysis
investigated the prevalence of NSS in patients with schizophrenia.12 The authors reviewed
33 studies and found that on average, a substantial 73% of patients with schizophrenia performed
outside the range of healthy controls onNSSmeasures. Theleritis and colleagues13 investigated the
association between NSS and schizotypal personality disorder in 169 Greek Army conscripts and
found that NSS were more prominent in the high schizotypy group. Furthermore, Chrobak and
colleagues14 recruited 30 patients with borderline disorder, 30 patients with schizophrenia,
and 28 controls to investigate whether NSS could discriminate one condition from another. Data
analysis showed that although both conditions scored higher in NSS than healthy controls they
did not differ from each other. Similar results derived from earlier studies, Zhao et al.15 found that
although NSS scores could discriminate patients with schizophrenia and bipolar disorder from
patients with major depression and healthy control, they failed to differentiate from each other.
Additionally, a recent meta-analysis16 revealed that both disorders share the existence of NSS.
Bipolar disorder is characterized by a substantial rise in NSS, which is not as prominent as in
schizophrenia. These findings suggest that NSS may not be unique to schizophrenia; however,
they appear to be a trait characteristic in psychosis and therefore could serve as an objective
measure for the assessment of serious psychiatric disorder in the prodromal phase, at onset and
along the course of the disease.17

Method of assessment

The clinical role of soft neurological signs in many neuropsychiatric disorders has led to the
development of several instruments that vary in both context and psychometric properties. The
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binary scoring of some scales may rule out important information
during the assessment and the different domains of NSS being
measured could end in different results across studies.

Woods scale

TheWoods scale comprises 79 items which rate from 0 (absent) to
3 (severe). It also includes coverage of possible etiology that is
divided into three categories: medication induced, result of a
neurological/psychiatric disorder, or unknown causes.18 There is
no reported information of test–retest reliability to assess internal
reliability.

Heidelberger scale

Developed by Schroder et al.19 the scale comprises 17 items that
rate from 0 (absent) to 4 (marked abnormality). The authors
reported internal reliability of 0.88 and conducted a factor analysis
that revealed five items (motor coordination and complex motor
tasks, right/left and spatial orientation, integrative functions, and
hard signs).

Neurological evaluation scale

TheNeurological Evaluation Scale was developed by Buchanan and
Heinrichs20 to assess neurological impairment specifically for
schizophrenia. The battery consists of 26 items that score from
0 (absent) to 2 (extreme), has 4 subscales that measure sensory
integration; motor coordination; Sequencing of complex motor
acts subscale and “others” that include symptoms such as short-
term memory and gaze impersistence. Compton and colleagues21

conducted an exploratory factor analysis that aimed to identify any
latent variables in NES in a sample of 110 individuals that included
schizophrenia patients, their relatives, and non-psychiatric con-
trols. Analysis showed that the factors revealed were consistent
with the original conceptually-derived subscales suggesting that the
total NES score may be more useful when comparing results across
studies. Further support for the utility of the NES in studies of
neurological deficits in schizophrenia derives from a study by
Sewell et al.22 The authors found that the subscales of NES reflect
the intrinsic organization of neurological symptoms as they appear
in schizophrenia disorder.

Condensed neurological examination

Condensed Neurological Examination consists of 26 items seven of
which are bilateral. The scores of the scale fall from 0 to 1 for
unilateral items and 0 to 2 for bilateral, and it has a good interrater
reliability of 0.76.23

Cambridge neurological inventory

The Cambridge Neurological Inventory comprises 87 items that
include not only soft neurological signs but also some extrapyra-
midal symptoms, catatonia, and tardive dyskinesia.24 It covers
3 soft neurological signs: motor coordination; sensory integration
and disinhibition. Responses rate from 0 (normal) to 2 (grossly
abnormal).

Modified quantified neurological scale

The scale in total has 98 items of which 48 measure NSS. Items
score from normal (0) to abnormal (2). The scale has a good
interrater reliability but lacks test–retest reliability.25

Brief motor scale

The brief motor scale was developed to assess the motor impair-
ment domain of NSS in schizophrenia and other psychiatric dis-
orders. It consists of 10 items and factor analysis has identified two
factors: motor coordination and motor sequencing. The scale and
the subscales showed high internal consistency and test–retest
reliability.26

The role of antipsychotic medication in neurological soft
signs

Chiliza and colleagues27 conducted a 12-month longitudinal study
with a sample of 84 patients with first-episode schizophrenia to
assess predictors of non-response to first-line antipsychotic treat-
ment. Non-responders comprised the 12% of the sample who at
baseline had more prominent disorganized symptoms, poorer
social and occupational functioning, and more prominent NSS.
At the endpoint, non-responders had elevated symptomatology,
poorer quality of life, and greater cognitive impairments compared
to the rest of the study population. The strongest predictors of non-
response were prominent NSS at baseline. On the other hand, the
potential role of antipsychotic therapy in NSS prevalence in schizo-
phrenia is not fully clear. Antipsychotic treatment often causes the
esmergence of extrapyramidal symptoms and/or tardive dyskinesia
that appear to bemore prominent with first-generation neuroleptic
medication.28,29 These motor symptomsmay be either erroneously
rated as neurological signs or influence the motor characteristics of
NSS. Compton et al.30 aimed to explore the relationship between
tardive dyskinesia and catatonic symptomatology with NSS and
symptomatology in 47 patients with the first episode of schizo-
phrenia. Results showed that abnormalmovements were associated
with age and positive symptoms but there was no relationship with
NSS, negative symptom severity, or neurocognition. On the other
hand, Peralta and colleagues31 found that motor coordination was
significantly correlated to parkinsonism, dyskinesia, and catatonia
but not akathisia. Motor sequencing was associated with parkin-
sonism and dyskinesia and release signs were related to parkinson-
ism only. Sensory integration did not correlate to any spontaneous
movement disorder. Deficit disorder was independently related to
motor sequencing, release signs, and parkinsonism. Emsley and
colleagues32 found that motor sequencing was a strong predictor of
persistent dyskinesia at 24 months. Methodological differences in
examining NSS may account for any inconsistency in research
findings. Whether NSS, extrapyramidal symptoms, and tardive
dyskinesia are distinct dimensions of schizophrenia or related
ones, may depend on several factors, such as the role of striatal
dopamine D2 receptor33or shared underlying neurobiological
mechanisms. According to the evidence so far, NSS are indepen-
dent of antipsychotic treatment and therefore constitute a trait
symptom, independent of the illness stage and medication.9,34-37

Finally, better-designed studies that include test–retest measures
conducted with antipsychotic-naive patients or patients treated
with second-generation neuroleptics, are needed.

2 E-M. Tsapakis et al.

https://doi.org/10.1017/S1092852923001189 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852923001189


Imaging studies

Early back in 1998, Andreasen and colleagues,38 proposed that a
scattered disturbance in the cortico-cerebellar-thalamic-cortical
circuit, seen in patients with schizophrenia, could explain the
diversity of schizophrenic symptoms and the existence of NSS.
Neurological signs have long been considered soft because of the
absence of specific localized brain regions. Zhao and colleagues,15

conducted a meta-analysis of 53 brain imaging studies to examine
that hypothesis. Data revealed that NSS were associated with
atrophy of the precentral gyrus, the cerebellum, the inferior frontal
gyrus, and the thalamus. The findings provided further support for
the “cerebello-thalamo-prefrontal” brain networkmodel of schizo-
phrenia and related psychotic disorders. However, to date, is not yet
fully understood how NSS, map exactly on the cerebral motor
circuit and how they might relate to other movement disorders
seen in schizophrenia, since only a limited set of neuroimaging
results exists.39 The neuronal correlates of movement sequencing
were investigated in 24 healthy controls and 24 schizophrenia
patients using psychophysiological interaction (PPI) and the
Granger causality modeling (GCM).40 Results showed that move-
ment sequencing in schizophrenia is related to aberrant frontopar-
ietal network connectivity with cortical inhibition deficit and
abnormal reliance on previous network activity. NSS were exam-
ined using the Heidelberg Scale during a whole brain high-
resolution magnetic resonance imaging at 3 Tesla in 28 patients
with recent-onset schizophrenia. Data showed that cortical thick-
ness changes were associated with higher scores in NSS. Hirjak and
colleagues41 investigated the cerebellar correlates of NSS using the
Spatially Unbiased Infratentorial (SUIT) toolbox and found that
schizophrenia patients when compared to healthy controls differed
in cerebellar volumes. Participants with schizophrenia exhibited
significantly smaller cerebellar volumes in both hemispheres than
controls, and NSS were associated with white matter but not with
grey matter. Another study,6 showed a statistically significant
association of NSS with changes in the white matter of important
motor pathways. According to a new systematic review7 somato-
motor and somatosensory regions, spatial orientation, and visual
processing areas, cerebellum, and basal ganglia are implicated as
possible structural substrates of NSS.

Neurological soft signs and symptomatology

Several studies have examined the relationship between NSS and
schizophrenia positive, negative symptoms, and deficit syndrome;
however, results have been so far ambiguous. Chan and col-
leagues42 recruited 145 first-episode schizophrenia patients of
whom 29 were diagnosed with prominent negative symptoms
and followed the course of NSS over a period of 1 year. Results
showed that patients with prominent negative symptoms exhibited
significantly more NSS than patients without negative symptoms.
However, the authors pointed out that the number of patients with
persistent negative symptomswas so small that it was not feasible to
make any meaningful statistical comparisons and interpretations.
Hembram et al.43 compared the NSS in 60 schizophrenia patients
with and without first-rank symptoms (ie voices commenting
and/or arguing, delusional perception, thought withdrawal, and
made volition), 30 first-degree relatives, and 30 normal controls,
matched for age, education, and handedness. Data analysis showed
that first-degree relatives had significantly lower scores of NSS than
schizophrenia patients, and NSS were highly correlated with neg-
ative but not with positive symptoms. The authors claimed their

results provide further support for the theory that NSS as a trait
marker of schizophrenia particularly in those without prominent
positive symptoms. Albayrak and colleagues44 recruited 24 patients
with deficit disorder (ie primary and enduring negative symptoms),
42 individuals without deficit syndrome, and 30 healthy controls to
examine the prevalence of NSS. The authors found that NSS were
more prominent in the deficit group suggesting that they may
represent a candidate as an endophenotype for schizophrenia.
Similarly, Peralta and colleagues31 examined the relationship
between NSS, spontaneous movement disorders, and symptoms
in 20 drug-naïve patients with deficit disorder who were compared
to 82 schizophrenia patients without deficit symptoms. Results
showed that patients with deficit syndrome revealed higher scores
of neurological soft symptoms relative to the non-deficit group. A
recent systematic review45 revealed that patients with a higher
burden of NSS, dyskinesias, or parkinsonism experienced poorer
long-term functional outcomes.

Neurocognition and neurological soft signs

Neurocognitive symptoms (ie attention and information proces-
sing, processing speed, reasoning and problem-solving, social cog-
nition, working memory, verbal and visual learning, and memory)
have been moderately related to NSS suggesting that neurocogni-
tive deficits may contribute to the construct of NSS46 Indeed,
Solanki et al.47 found that the motor domain of NSS had a negative
influence on working memory. Later studies have found stronger
associations between neurocognition and NSS. Chan and col-
leagues48 examined different domains of neurological signs in
157 patients with first-episode schizophrenia and their relation-
ships with neurocognitive functions at baseline and at 6 months.
Data showed a stable relationship between neurological signs and
neurocognitive deficits over time pointing at potential causal
dependencies as the measurement and structure of these relation-
ships appeared to be stable over time. Some years later Feng and
colleagues49 correlated neurocognitive deficits in attention, speed
of information processing, and social cognition with sensory inte-
gration in patients with schizophrenia and unaffected first-degree
relatives, suggesting them as possible endophenotypes.

Neurological soft signs in schizophrenia: a possible
endophenotype?

NSS have been proposed as an endophenotype candidate for
schizophrenia. The criteria established for candidate endopheno-
types are: association with illness in the population (higher prev-
alence rates of NSS in people with schizophrenia compared to the
general population); heritability (how much can be attributed to
the genetic variation), state independence (stability across the
different stages of the illness), familial association (found in unaf-
fected relatives at a higher rate than in the general population),
co-segregation within families (occurs more frequently among
the ill relatives of schizophrenia patients compared to healthy
relatives).50

Xu and colleagues51 investigated the heritability and familiality
of NSS in 267 pairs of monozygotic twins, 124 pairs of dizygotic
twins, and 75 pairs of patients with schizophrenia and their non-
psychotic first-degree relatives. Data showed significant heritability
and familiarity of NSS. In another study52 which included
262 patients with schizophrenia, 243 healthy controls and
177 healthy first-degree relatives, NSS were more prominent in
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first-degree relatives than controls and also in patients with early
onset schizophrenia than in those with age of onset after 20 years.
Chan and colleagues42 investigated the effect size of NSS in
738 schizophrenia patients,155 unaffected first-degree relatives of
schizophrenia patients, 256 individuals with schizotypal personal-
ity disorder (n= 256), 379 patients with other psychiatric disorders,
and 1577 healthy individuals. Individuals along the schizophrenia
continuum showed higher scores of NSS, compared to other psy-
chiatric patients who had minimal NSS, as well as matched healthy
controls. Tripathi et al.53 compared the prevalence of NSS in
45 patients with schizophrenia, 45 patients with obsessive-
compulsive disorder, and 45 matched healthy controls. Data
showed thatNSS, both as a total score andwith individual domains,
were significantly higher in the schizophrenia group compared to
the other two. Ojagbemi and colleagues54 conducted a longitudinal
study to observe the prevalence of NSS in 84 first-episode patients
at baseline, 3 months, and 12 months. Findings showed first that
NSS were present in 96.4% of the sample and that from all NSS
domains only motor sequencing was found stable across the course
of the disease. The authors suggested that motor sequencing
appeared to be a trait marker for schizophrenia. In their data, other
NSS domains seemed to be associated with the symptomatic stages
of schizophrenia. Neelam et al.50 found a familial association in
relation to the presence of NSS between schizophrenia patients and
their first-degree relatives than controls; however, the prevalence of
NSS was higher in the schizophrenia patients. Chan and col-
leagues55 conducted a meta-analysis to determine the magnitude
of difference in prevalence rates of NSS between two groups: first-
degree non-psychotic relatives of schizophrenia patients and
healthy controls and schizophrenia patients and their non-
psychotic relatives. Findings showed that NSS wasmore prominent
in individuals with schizophrenia and their relatives than controls.
In another study, Chan et al.56 examined the prevalence of NSS in
64 individuals with schizotypal traits and compared them to
51 controls. The authors found that individuals with schizotypal
proneness personality demonstrated a significantly higher preva-
lence of soft signs than those without. Mechri and colleagues57

examined the prevalence of NSS of 31 unaffected siblings of indi-
viduals with schizophrenia and 60 healthy controls matched
according to age, gender, and school level. NSS were more preva-
lent in unaffected siblings than in controls, andmotor coordination
and integration abnormalities were found more prevalent in sib-
lings with schizotypal dimensions. These results imply that NSS
may be a trait characteristic, in line with the neurodevelopmental
hypothesis.9,52

Conclusion

Empirical evidence favors the view that NSS have the potential of a
possible endophenotype for schizophrenia. Their relationship with
negative symptoms, the apparent lack of an association with pos-
itive symptomatology, and their presence in antipsychotic naive
patients further support the hypothesis of NSS being a trait feature
in schizophrenia. Regardless of the fact that NSS are not unique to
schizophrenia but extend across to the schizotypy continuum, they
may help identify individuals at risk of developing schizophrenia
later in life. Finally, despite the fact that evidence so far has shown
relative independence of NSS from neuroleptic treatment, their
relationship with extrapyramidal symptoms and tardive dyskinesia
is far from clear. Overlapping items among scales assessing neuro-
logical signs and those evaluating extrapyramidal symptoms and

dyskinesia could produce mixed results across studies. There is
clearly a need for the development of a new standardized assess-
ment tool with specificity to schizophrenia.
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