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Neurological soft signs (NSSs) bear the promise for 
early detection of schizophrenia spectrum disorders. 
Nonetheless, the sensitivity and specificity of NSSs in 
the psychosis continuum remains a topic of controversy. 
It is also unknown how NSSs reveal neurodevelopmental 
abnormality in schizophrenia. We investigated the effect 
sizes of NSSs in differentiating individuals with schizo-
phrenia spectrum disorders from individuals with other 
psychiatric conditions and from covariate-matched healthy 
subjects. We also investigated the partitioned age-related 
variations of NSSs in both schizophrenia and healthy 
individuals. NSSs were assessed by the abridged version 
of the Cambridge Neurological Inventory (CNI) in 3105 
participants, consisting of healthy individuals (n =1577), 
unaffected first-degree relatives of schizophrenia patients 
(n  =  155), individuals with schizotypal personality disor-
der (n = 256), schizophrenia patients (n = 738), and other 
psychiatric patients (n = 379). Exact matching and propen-
sity score matching procedures were performed to control 
for covariates. Multiple regression was used to partition 
age-related variations. Individuals along the schizophrenia 
continuum showed elevated levels of NSSs, with moderate 
effect sizes, in contrast to other psychiatric patients who 
had minimal NSSs, as well as matched healthy controls. 
Furthermore, the age-and-NSS relationship in schizophre-
nia patients was represented by a flat but overall elevated 
pattern, in contrast to a U-shaped pattern in healthy 
individuals. In sum, NSSs capture a moderate portion of 
psychosis proneness with reasonable specificity. Lifespan 
profiling reveals an abnormal developmental trajectory of 
NSSs in schizophrenia patients, which supports the endo-
phenotype hypothesis of NSSs by associating it with the 
neurodevelopmental model of schizophrenia.

Key words: neurological soft sign/schizophrenia 
spectrum disorders/lifespan profiling/psychopathology/
endophenotype

Introduction

Schizophrenia is a chronic, devastating, and complex 
neuropsychiatric disorder characterized by a range of 
cognitive,1 affective,2 and neurodevelopmental abnor-
malities.3,4 To foster optimal therapeutic interventions 
for these patients and reduce health care challenges that 
are faced by patients’ families and the society,5 research-
ers have been searching for target features, known as 
endophenotypes, that encompass the genetic and non-
genetic processes underpinning the predisposition to 
schizophrenia.6 To qualify as an endophenotype, a 
marker must be reliably associated with the illness, dem-
onstrates state-dependent cosegregation, and reveals 
heritable familial association.6,7 Neurological soft 
signs (NSSs), conventionally defined as nonlocalizable 
abnormality in neurological functions, such as failure 
in sensory integration, motor incoordination, and dis-
inhibition,8–10 have been considered prominent candi-
dates (ie, the endophenotype hypothesis of  NSSs).6,7,11 
Evidence has robustly shown significant associations 
between NSSs and a wide range of  neurocognitive dys-
functions,6 which are often manifested in schizophrenia 
spectrum disorders12 and are sensitive to the develop-
ment of  psychosis.4,6 Recently, empirical findings from 
structural13,14 and functional15 neuroimaging studies 
have challenged the “nonlocalizable” view by showing 
a strong link between NSSs and neural abnormalities 
in schizophrenia-related brain regions,16 suggesting that 

mailto:rckchan@psych.ac.cn?subject=


561

Clinical Utility and Lifespan Profiling of Neurological Soft Signs 

NSSs may reveal the underlying neural dysfunctions of 
schizophrenia.15

Nonetheless, the sensitivity and specificity of NSSs in 
revealing schizophrenia-related conditions remain con-
troversial. Previous meta-analytic studies suggested that 
individual differences in age, gender and intelligence 
might influence the prevalence of NSSs.10,17 Moreover, 
other psychiatric conditions, such as obsessive-compul-
sive disorder (OCD)18–20 and mood disorders,21,22 may 
also manifest NSSs. However, this association diminishes 
when individual differences, such as gender, age, and edu-
cation, are matched between OCD patients and healthy 
controls,20 and when medications and other confound-
ers, such as symptom profile, are controlled for between 
schizophrenia patients and individuals with mood dis-
orders.22 Thus, a large-scale population-based study 
including clinical, subclinical, and healthy samples with 
a unified assessment of NSSs and careful matching pro-
cedure is needed.

Apart from sensitivity and specificity issues, little is 
known about how NSSs change over the human lifes-
pan; let  alone how schizophrenia patients differ from 
healthy individuals in the developmental trajectory of 
NSSs. Both the theory of psychosis continuum and the 
neurodevelopmental model of schizophrenia3,23 suggest 
that schizophrenia is not simply a binary phenotype, 
but the result of the interplay of multiple etiological fac-
tors.24 Concomitant evaluation of NSSs and schizophre-
nia would thus require profiling the trajectory of NSSs 
in individuals with psychosis compared with healthy 
individuals, since neurodegeneration may also affect 
NSSs.25 Lifespan information like this can integrate 

brain-behavior phenotypes in a developmental context 
and identify critical age-related characteristics of the 
vulnerability to schizophrenia to provide tools for early 
detection.4

Hence, the present study examined NSSs in a large 
number of participants (N = 3105) sampled from normal 
healthy individuals, schizophrenia patients, unaffected 
first-degree relatives of schizophrenia patients, SPD indi-
viduals, and other psychiatric patients (see table 1) with 
2 specific goals. First, we aimed to clarify the sensitivity 
and specificity of NSSs in schizophrenia spectrum dis-
orders after controlling for covariates between healthy 
and nonhealthy comparison groups (ie, schizophrenia, 
SPD, relatives, or other psychiatric groups) using both 
exact matching and propensity score matching (see Data 
Analysis).26,27 According to the endophenotype hypoth-
esis,6 we hypothesized that NSSs would mostly manifest 
in individuals along the schizophrenia continuum, but 
not in patients with other psychiatric conditions, as com-
pared to matched healthy controls.

Second, to investigate the neurodevelopmental abnor-
mality of NSSs in schizophrenia, we partitioned the 
age-related variance of NSSs in both healthy and schizo-
phrenia patient groups using multiple regression. Since 
NSS-related brain regions and their functions change sig-
nificantly across the lifespan,28–31 most likely captured by 
a quadratic function,31 we hypothesized that in a typical 
developing situation, NSSs would decrease due to neural 
maturation but increase due to ageing or neural degen-
eration, reflected as a U-shaped quadratic relationship 
between NSSs and chronological age. However, schizo-
phrenia patients, who have abnormalities in NSSs, may 

Table 1. Participants’ Characteristics by Groups

Characteristics Healthy SPD Schizophreniaa Relatives OPb

Sample size 1577 256 738 155 379
Gender (% male) 51% 52% 63% 42% 58%
Age 29.53 (18.85) 20.77 (4.17) 30.40 (10.95) 45.22 (18.59) 30.30 (16.35)
Age group (%)
 ≤19 30.7 39.8 14.1 8.4 21.9
 20–29 43.4 57.8 41.6 23.2 42.5
 30–39 5.1 0.4 21.8 5.8 16.4
 40–59 5.6 2.0 22.0 36.8 11.1
 ≥60 15.2 0.0 0.5 25.8 8.2
Intellect 2.72 (1.18) 3.22 (0.73) 2.37 (1.02) 2.66 (1.03) 2.49 (1.13)
Intellect (%)
 1: ≤25% (bottom) 23.0 3.1 23.7 16.1 27.2
 2: 25–50% 19.0 8.6 30.9 26.5 20.6
 3: 50–75% 21.4 51.2 29.4 32.3 28.8
 4: ≥75% (top) 36.7 37.1 16.0 25.2 23.5

Note: Means (SD) are displayed for age and intellect. The current study only included the subjects who have verifiable and clear diagnosis 
(88.6% of the recruited samples). OP, other psychiatric; SPD, schizotypal personality disorders.
aIn the schizophrenia group, 29% were first-episode and 71% were chronic; bIn the other psychiatric group, among all recruited 
participants, 31.3% suffered from OCD, 21.3% had bipolar disorder (BD), 6.5% had comorbid OCD and BD, 17.8% had major 
depression disorder (MDD), 6.8% had mild cognitive impairment (MCI), 3.0% had attention deficit hyperactive disorder (ADHD), 1.9% 
had anxiety disorder (AD), and 11.4% had psychopathological conditions with unknown or unclear diagnostic category.
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show relatively stable but elevated levels of NSSs across 
the lifespan, considering that both first-onset and chronic 
patients have been reported to have comparable levels of 
NSSs.32,33

Methods

Participants

The study included 3105 (out of 3976)  participants 
recruited from 2 major urban areas in China (ie, Beijing 
and Hong Kong) from 2006 to 2014, stratified based 
on their psychopathological conditions, namely healthy 
individuals (n =1577), SPD individuals (n = 256), schizo-
phrenia patients (n = 738), unaffected first-degree schizo-
phrenia relatives (n = 155), and other psychiatric patients 
(n = 379). All participants (1) had a full assessment of 
NSSs, (2) provided complete demographic information, 
(3) had information concerning their intellectual level, 
such as estimated IQ or years of education, and (4) were 
free from any disorder that could markedly impair mobil-
ity or cognition (eg, paresis, intellectual disability), or 
any neurological or medical condition that might affect 
NSSs (eg, past encephalitis, seizures, substance use). 
Participants who had missing NSS scores and basic 
demographic information (eg, age or gender, or both IQ 
and years of education) or suffered from the physical con-
ditions listed above were excluded from further analysis.

Clinically stable patients were diagnosed and 
referred by certificated psychiatrists, who performed 
the Structure Clinical Interview as per the DSM-IV 
criteria,34 in Anding Hospital (Beijing), the Institute 
of  Mental Health of  Peking University (Beijing), and 
Castle Peak Hospital (Hong Kong). Formally trained 
researchers conducted neuropsychological testing 
under the psychiatrists’ supervision. Nonschizophrenia 
patients meeting criteria for other psychiatric disorders 
with clear diagnosis, namely mood, anxiety, attention-
deficit, and disruptive behaviors, were recruited to the 
other psychiatric patients group to address specificity 
issue4 (see table  1). The relative group included unaf-
fected first-degree relatives of  schizophrenia patients,17 
who were mostly recruited from schizophrenia patients’ 
caregivers. Volunteers screened with a brief  mental sta-
tus questionnaire were recruited from the local com-
munities for the healthy and SPD groups. Following 
the screening procedure, (1) healthy participants should 
not have a family or personal history of  mental illness 
and should score lower than 35 on the Schizotypal 
Personality Questionnaire (SPQ)35; (2) SPD individu-
als were identified from community participants who 
scored within the top tenth percentile on the SPQ, with-
out a diagnosis of  any psychiatric disorder.36

Data collected from the majority of the samples 
have not been included in previous studies.12,36 Ethics 
Committees of all the participating institutes or hospitals 
approved the study protocol. Written informed consents 

were obtained from all participants and all received mon-
etary compensation.

Measures

NSSs were evaluated with the abridged version of  the 
Cambridge Neurological Inventory (CNI),12 which 
captured participants’ abnormalities in motor coordi-
nation (eg, finger opposition, rapid finger tapping; 9 
items), sensory integration (eg, finger agnosia, extinc-
tion; 8 items), and disinhibition (eg, saccade blink, 
head movement, mirroring behaviors; 4 items plus 
another 4 items in the motor coordination subscales). 
All the items were rated on a dichotomized manner, 
“absent” (0) or “present” (1), by trained researchers. 
Item scores were summed up to subscale scores for 
motor coordination, sensory integration, disinhibition, 
and a total score of  NSSs. A higher score indicates a 
higher level of  abnormality. The inter-rater reliability 
(intraclass correlation coefficient) and internal consis-
tency (Cronbach’s α) of  the subscales and the full-scale 
were all above 0.85.12

In addition, the abbreviated Chinese version of the 
Wechsler Adult Intelligence Scale-Revised or the Wechsler 
Intelligence Scale for Children-Revised was administered 
to participants who were older or younger than 15 years 
of age, respectively.37,38 However, due to practical issues, 
IQ tests were not administered to participants aged over 
65. In the healthy group, a large proportion of older 
adults aged above 55 years (222 out of 246 participants) 
completed the mini-mental state examination (MMSE, 
M = 26.11, SD = 3.12), according to established proce-
dures.39 To ensure maximum data inclusion, we trans-
formed the estimated IQ scores and years of education 
into a composite score of intellect for all participants 
(see Data Analysis). While we did not exclude partici-
pants based on MMSE scores (see Participants section), 
we analyzed the data with older adults who scored 24 or 
above in MMSE (less susceptible for cognitive impair-
ment40) separately as summarized in supplementary table 
S5.

In addition, community participants completed the 
SPQ35 for further separation of the healthy and SPD 
groups. All participants also filled out a battery of ques-
tionnaires that included general health information, 
family and personal history of mental and physical dis-
orders, and recent medication, which they (or patients’ 
caregivers) could choose not to respond. While general 
health information and history of mental and physical 
disorders had been used as subject exclusion criteria (see 
Participants section), lack of medication information was 
not used as a criterion to exclude subjects. Since we did 
not have full records of medication information or com-
pliance information from the patients, we did not exam-
ine the effect of medication on NSSs (see Discussion 
for caveats), which could be inferred from first-onset 

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
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medication-free cases and chronic patients as reported 
previously in a meta-analysis.10

Data Analysis

Estimated IQ scores and years of education were z-trans-
formed independently and averaged into a compos-
ite score of intellect. For missing data in estimated IQ 
(mostly in elderly individuals), z-scored years of educa-
tion were used to replace the missing values. The intel-
lect scores were further broken down into quartiles (see 
table 1). This composite variable is highly correlated with 
both the raw estimated IQ scores (r = 0.79, P < .0001) and 
years of education (r = 0.81, P < .0001).

Matching procedures were implemented in Matching 
R package.41 In exact matching, participants from a non-
healthy comparison group were matched with healthy 
participants who were identical on all covariates, namely 
age, gender, and intellect. In propensity score matching, 
participants were matched based on the probability of 
being in a comparison group conditioned on observed 
covariates using logistic regression.26,27 We identified an 
appropriate propensity model (consisting of age, age2, 
gender, intellect, intellect2, and age × intellect) using step-
wise regression42 that included not only the covariates but 
also their quadratic effects and possible interactions42,43 
to account for unobserved variances (see supplementary 
table S1–S3 for sensitivity analysis44,45 and discussion of 
potential differences between exact matching and pro-
pensity score matching). To avoid poor matches, matched 
samples were identified within a predefined propensity 
score radius that was adjusted on a case-by-case basis for 
each comparison until the 2 groups reached balance on all 
the covariates as indexed by the standardized difference.26

We considered one-to-one matching without replace-
ment (ie, each healthy participant may be matched only 
once with another participant in the comparison group) 
to meet the independence assumption of significance 
testing.46 Since this approach is sensitive to match-
ing order,45 matching was performed with random data 
sequences.43 We repeated the random matching proce-
dure 10 001 times and identified the matched order with 
a median effect size as the representative estimation of 
group difference. As shown in supplementary figure S1, 
which summarizes density plots of propensity score dis-
tributions for the representative sample of the healthy 
control group and the comparison groups before and 
after one-to-one propensity score matching. Matching in 
general yielded good propensity score overlap between 
the 2 comparison groups. All matching samples between 
groups were balanced in predefined covariates, as shown 
in supplementary figure S2, with both exact matching 
and propensity score matching procedures. For outcome 
comparison, since matching might only reduce between-
group variance, instead of making the matched samples 
truly correlated,47,48 the Mann–Whitney U test was used 

to assess the group difference, and effect size in terms of 
point-biserial correlation (r) was calculated based on the 
z values of the test.49,50 Results from paired-sample tests 
are also available in table 2.

Lastly, we performed hierarchical multiple regression 
to delineate age-related characteristics of NSSs in schizo-
phrenia patients and healthy participants. In particular, 
a negative binomial model was used to take into account 
over-dispersion of count data.51 In the first step, a linear 
effect of age was used to predict NSSs, followed by the 
second step in which we implemented a quadratic age 
effect model. The third step controlled for the variance 
contributed by gender, intellect and group category (ie, 
healthy vs schizophrenia). Lastly, in the fourth step, inter-
action effects of group category with age, gender, and 
intellect were included in the full model. All of the mod-
els were run with the centered values of age and intellect, 
whereas gender and group were dummy-coded.

Results

NSSs and Schizophrenia Spectrum Disorders

Before controlling for possible covariates, NSSs could 
already robustly differentiate schizophrenia patients 
from healthy participants with a moderate effect size 
(r = .15, 95% confidence interval: [.11, .19], P < .0001), 
even though they could not reliably differentiate SPD 
individuals (r = −.01 [−.06, .03], P = .61), unaffected rela-
tives (r = .04 [−.01, .09], P = .085), and other psychiatric 
patients (r = .02 [−.03, .06], p = .46) from healthy partici-
pants (see figure 1). After exact matching on covariates, 
including age, gender, and intellectual levels, gradient 
differences of NSSs along the schizophrenia spectrum 
disorders from the healthy population emerged with r 
estimated as .22 [.15, .28] (P < .0001), .19 [.10, .28] (P 
< .0001), and .13 [−.02, .27] (P = .096), respectively, for 
the schizophrenia patient group, the SPD group, and 
the relative group, when each was compared to matched 
healthy controls (also see table  2). In contrast, NSSs 
could not differentiate other psychiatric patients from 
healthy participants (r = .02 [−.06, 11], P = .59), with its 
effect size significantly lower than that between schizo-
phrenia patients and healthy controls (z  =  3.52, P < 
.001). A  similar pattern was observed using propensity 
score matched samples, in which schizophrenia patients, 
SPD individuals, and unaffected relatives differed from 
matched healthy controls in NSSs with r estimated as .24 
[.17, .30] (P < .0001), .16 [.07, .25] (P < .001), and .11 
[.00, .45] (P = .054), respectively. Again, other psychiat-
ric patients did not differ from healthy controls in NSSs 
(r  =  .01 [−.07,  09], P  =  .77), with a significantly lower 
effect size than that between schizophrenia patients and 
healthy controls (z = 4.39, P < .0001).

We further compared first-episode with chronic 
schizophrenia patients after controlling for covariates. 
It showed that the severity of NSSs was comparable 

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1


564

R. C. K. Chan et al

T
ab

le
 2

. 
M

ea
ns

 (
SD

) 
of

 N
SS

s 
B

ef
or

e 
an

d 
A

ft
er

 M
at

ch
in

g

C
om

pa
ri

so
n 

G
ro

up
H

ea
lt

hy
 G

ro
up

In
de

pe
nd

en
t-

Sa
m

pl
e 

T
es

ta
P

ai
re

d-
Sa

m
pl

e 
T

es
tb

M
ea

n
SD

n
M

ea
n

SD
n

P
c

r 
[9

5%
 C

I]
P

c
r 

[9
5%

 C
I]

B
ef

or
e 

m
at

ch
in

g
 

Sc
hi

.
5.

14
3.

52
73

8
4.

05
3.

24
15

77
4.

90
E

−
13

.1
5 

[.1
1,

 .1
9]

 
SP

D
3.

66
2.

29
25

6
.6

1
−

.0
1 

[−
.0

6,
 .0

3]
 

R
el

at
iv

es
4.

35
2.

96
15

5
.0

85
.0

4 
[−

.0
1,

 .0
9]

 
O

P
4.

08
3.

01
37

9
.4

6
.0

2 
[−

.0
3,

 .0
6]

A
ft

er
 e

xa
ct

 m
at

ch
in

g
 

Sc
hi

.
4.

89
3.

37
37

3
3.

49
2.

80
37

3
3.

40
E

−
09

.2
2 

[.1
5,

 .2
8]

5.
40

E
−

09
.3

0 
[.2

1,
 .3

9]
 

SP
D

3.
59

2.
23

22
0

2.
81

2.
39

22
0

8.
00

E
−

05
.1

9 
[.1

0,
 .2

8]
4.

70
E

−
04

.2
4 

[.1
1,

 .3
6]

 
R

el
at

iv
es

4.
41

2.
79

86
3.

86
3.

13
86

.0
96

.1
3 

[−
.0

2,
 .2

7]
 .

11
.1

7 
[−

.0
4,

 .3
7]

 
O

P
4.

01
2.

99
25

1
3.

96
3.

19
25

1
.5

9
.0

2 
[−

.0
6,

 .1
1]

 .
93

.0
1 

[−
.1

2,
 .1

3]
A

ft
er

 P
ro

pe
ns

it
y 

Sc
or

e 
m

at
ch

in
g

 
Sc

hi
.

5.
15

3.
44

43
7

3.
58

2.
83

43
7

2.
70

E
−

12
.2

4 
[.1

7,
 .3

0]
8.

90
E

−
13

.3
4 

[.2
6,

 .4
2]

 
SP

D
3.

65
2.

30
24

3
2.

96
2.

45
24

3
3.

70
E

−
04

.1
6 

[.0
7,

 .2
5]

6.
90

E
−

04
.2

2 
[.0

9,
 .3

3]
 

R
el

at
iv

es
4.

36
2.

96
14

8
3.

77
2.

98
14

8
.0

54
.1

1 
[.0

0,
 .2

2]
 .

06
9

.1
5 

[−
.0

1 
.3

0]
 

O
P

4.
03

3.
09

29
3

4.
02

3.
17

29
3

.7
7

.0
1 

[−
.0

7 
.0

9]
 .

69
.0

2 
[−

.0
9 

.1
4]

N
ot

e:
 C

I,
 c

on
fid

en
ce

 in
te

rv
al

; N
SS

, n
eu

ro
lo

gi
ca

l s
of

t 
si

gn
; O

P,
 O

th
er

 P
sy

ch
ia

tr
ic

; S
P

D
, s

ch
iz

ot
yp

al
 p

er
so

na
lit

y 
di

so
rd

er
s.

a B
as

ed
 o

n 
M

an
n-

W
hi

tn
ey

 U
 t

es
t 

(W
ilc

ox
on

 r
an

k-
su

m
 t

es
t)

; b B
as

ed
 o

n 
W

ilc
ox

on
 s

ig
ne

d-
ra

nk
 t

es
t;

 c T
he

se
 P

 v
al

ue
s 

w
er

e 
un

co
rr

ec
te

d 
fo

r 
m

ul
ti

pl
e 

co
m

pa
ri

so
ns

 d
ue

 t
o 

th
es

e 
fo

llo
w

in
g 

re
as

on
s.

 F
ir

st
, b

ec
au

se
 o

f 
1:

1 
m

at
ch

in
g 

us
in

g 
ra

nd
om

 d
at

a 
se

qu
en

ce
, e

ac
h 

co
m

pa
ri

so
n 

m
ig

ht
 in

vo
lv

e 
di

ff
er

en
t 

sa
m

pl
es

. T
he

 r
ep

or
te

d 
sa

m
pl

es
 a

re
 t

ho
se

 fo
un

d 
to

 h
av

e 
a 

m
ed

iu
m

 e
ff

ec
t 

si
ze

 a
ft

er
 1

0 
00

1 
ti

m
es

 o
f 

ra
nd

om
 m

at
ch

in
g.

 S
ec

on
d,

 t
he

 c
ur

re
nt

 p
ro

ce
du

re
 d

id
 n

ot
 c

ap
it

al
iz

e 
on

 c
ha

nc
e;

 in
st

ea
d,

 it
 r

ep
or

te
d 

al
l r

es
ul

ts
 a

s 
pl

an
ne

d 
co

m
pa

ri
so

n 
be

tw
ee

n 
he

al
th

y 
vs

 n
on

he
al

th
y 

gr
ou

ps
.



565

Clinical Utility and Lifespan Profiling of Neurological Soft Signs 

between first-episode and chronic schizophrenia patients, 
for both exactly matched (first-episode: M  =  4.68, 
SD  =  3.67, n  =  166; Chronic: M  =  4.55, SD  =  2.93, 
n  =  166; z  <  1)  and propensity score matched samples 
(First-episode: M = 4.71, SD = 3.70, n = 214; Chronic: 
M = 4.73, SD = 2.93, n = 214; z < 1).

Age-Related and Other Individual Differences in NSSs

We then examined the scatter plots of chronological age 
and NSS total scores along with the age-and-NSS fitted 

curve for healthy and schizophrenia participants in fig-
ure 2. Both younger and older participants in the healthy 
group had more NSSs, which could be captured by a 
U-shaped function, in contrast to a relatively flat but ele-
vated pattern of NSSs in the schizophrenia group across 
the lifespan. This observation was supported by the regres-
sion results (see table 3). When combining both the healthy 
and the schizophrenia populations, a quadratic function 
of age significantly increased model fit (χ2

(1) = 53.56, P < 
.0001), suggesting that a quadratic function could better 
describe the relationship between age and NSSs. Such a 

Fig. 2. Age-and-NSS associations in healthy and schizophrenia samples. (a) The overall relationship between age and NSSs in healthy 
and schizophrenia samples (n = 2315); (b) The relationship between age and NSSs in the healthy group (n = 1577); (c) the relationship 
between age and NSSs in the healthy group after matching the age range with the schizophrenia group (n = 1224); (d) the relationship 
between age and NSSs in schizophrenia group (n = 738). The transparent black dots are actual data points, with the less opacity 
representing more data points on certain values. The black solid lines represent the negative binomial regression predictions of the 
quadratic age effect on NSSs, and the surrounding broken red lines indicate 95% confidence intervals (CIs) of the estimations. NSS, 
neurological soft sign; OP, other psychiatric; SPD, schizotypal personality disorders.

Fig. 1. Effect sizes (r) of group differences in NSSs in terms of nonhealthy vs healthy group comparisons before (a) and after exact 
matching (b) and propensity score matching (c). Greater value of r means that the nonhealthy comparison group shows more NSSs 
compared to the healthy group. Error bars denote 95% confidence intervals (CIs). NSS, neurological soft sign; OP, other psychiatric; 
Schi., schizophrenia; SPD, schizotypal personality disorders.
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quadratic age effect remained robust even after control-
ling for gender, intellect and group effect (Step 3). In Step 
4, when the interactions between group and other predic-
tors were taken into account, there was a significant group 
and age interaction (z = 5.31, P < .0001), suggesting that 
the relationship between age and NSSs differed between 
healthy participants and schizophrenia patients. Further 
separate regression analyses in the healthy and the schizo-
phrenia groups showed that the quadratic age effect only 
manifested in the healthy group (z = 8.39, P < .0001), but 
not in schizophrenia patients (|z| < 1). The quadratic age 
effect in the healthy group (r = .21) was significantly higher 
than that in the schizophrenia group (r = .03; z = 4.10, P 
< .0001). This pattern remained even when the age range 
of the healthy group and the schizophrenia group were 
matched (see supplementary table S5).

As for other individual differences, while gender did not 
account for much of the variance in NSSs, there was a sig-
nificant but modest group and gender interaction effect in 

Step 4 (z = −2.17, P = .030). Specifically, male and female 
participants in the healthy group seemed to have compara-
ble levels of NSSs (|z| < 1), but male schizophrenia patients 
(M  =  5.36, SD  =  3.60) had higher levels of NSSs than 
female patients (M = 4.74, SD = 3.33). Similarly, there was 
also a significant interaction effect between group and intel-
lect (z = 6.41, P < .0001). Higher intellect appeared to exert 
a protective effect in reducing NSSs, which was more appar-
ent in healthy participants than in schizophrenia patients, 
since an increase of one unit of intellect with other covari-
ates being controlled for would roughly lead to a drop of 
26% (1 − e−0.2977) of mean total scores for NSSs in healthy 
participants, compared to a drop of 10% (1 − e−0.1045) in the 
schizophrenia group (supplementary table S5).

Discussion

Evidence from 2 different matching procedures supports 
the endophenotype hypothesis that NSSs are not only 

Table 3. Hierarchical Negative Binomial Regression of NSSs on Age, Gender, Intellect, and Group (Healthy Participants vs 
Schizophrenia Patients, n = 2135)

Models and Variables B

95% Confidence Interval

eB z AIC χ2
(df) ChangeLower Bound Upper Bound

Step1
 Intercept 1.4777 1.4447 1.5108 4.3828 87.63**** AIC = 11 638
 Age 0.0042 0.0024 0.0061 1.0042 4.27****
Step 2
 Intercept 1.3607 1.3159 1.4057 3.8990 58.83**** AIC = 11 587

χ2
(1) = 53.56****

 Age −0.0049 −0.0080 −0.0019 0.9920 −2.92**
 Age2 0.0004 0.0003 0.0005 1.0003 7.11****
Step 3
 Intercept 1.2167 1.1529 1.2805 3.3760 38.09**** AIC = 11 185

χ2
(3) = 407.15****

 Age −0.0087 −0.0119 −0.0056 0.9913 −5.40****
 Age2 0.0004 0.0003 0.0005 1.0004 7.43****
 Gender −0.0418 −0.1024 0.0188 0.9591 −1.36
 Intellect −0.2412 −0.2693 −0.2132 0.7857 −16.87****
 Group 0.3247 0.2525 0.3970 1.3836 8.95****
Step 4
 Intercept 1.1410 1.0709 1.2103 3.1289 32.50**** AIC = 11 107

χ2
(4) = 86.00****

 Age −0.0138 −0.0175 −0.0102 0.9863 −7.29****
 Age2 0.0005 0.0004 0.0006 1.0005 8.17****
 Gender 0.0223 −0.0500 0.0946 1.0226 0.60
 Intellect −0.2977 −0.3311 −0.2645 0.7425 −17.61****
 Group 0.4808 0.3781 0.5837 1.6174 9.19****
 Group × age 0.0188 0.0119 0.0257 1.0189 5.31****
 Group × age2 −0.0004 −0.0008 0.0001 0.9996 −1.69
 Group × gender −0.1391 −0.2654 −0.0128 0.8701 −2.17*
 Group × intellect 0.1932 0.1340 0.2523 1.2131 6.41****

Note: The exponentiated coefficient, eB, is a rate ratio of the mean of the dependent variable (ie, ux0 + 1/ux0) corresponding to a one-unit 
change in the predictor while holding other predictors constant. That is, when the predictor changes in one unit, the dependent variable 
has a change rate as eB. When eB is greater (smaller) than 1, it indicates an increase (decrease) of the dependent variable when the 
predictor increases one unit. All coefficients here are based on the sample of healthy and schizophrenia groups (n = 2315). AIC, Akaike 
information criterion; NSS, neurological soft sign.
*P < .05; **P < .01; ***P < .001; ****P <. 0001.

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
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sensitive but also specific in distinguishing individuals 
along the psychosis continuum from healthy individuals. 
More importantly, consistent with the neurodevelopmen-
tal model of schizophrenia, predictions of the lifespan 
trajectories of NSSs are supported by the findings that 
schizophrenia patients exhibited elevated levels of NSSs 
that barely changed across the lifespan, in contrast to a 
U-shaped age-and-NSS relationship in healthy individu-
als. To the best of our knowledge, this is the first study 
that integrates the endophenotype hypothesis of NSSs 
with the neurodevelopmental model of schizophrenia, 
providing evidence that NSSs may be neurodevelopmen-
tal markers for schizophrenia spectrum disorders.

The first unique contribution of our findings is that it 
addresses the sensitivity and specificity issues of NSSs in 
schizophrenia spectrum disorders, which had remained 
unclear due to methodological issues in previous studies. 
The effect sizes (r) of NSS abnormalities in schizophre-
nia spectrum disorders were estimated to be “small-to-
medium” based on Cohen’s criteria (.10, .30, and .50, 
respectively for small, medium, and large effect).52 Such 
an effect was markedly attenuated in patients with other 
psychiatric conditions. While NSSs may also manifest 
in other psychiatric conditions, such as OCD18–20 and 
mood disorders,21,22 they appear to be able to discriminate 
schizophrenia patients from healthy individuals, as dem-
onstrated in supplementary table S4. In fact, very often, 
only patients with co-morbid psychotic disorders exhib-
ited elevated NSSs.53 Although these effects seem modest, 
our results are consistent with 2 available meta-analyses 
on NSSs,10,17 which reported r ranging from .19 to .48 for 
schizophrenia patients vs. healthy controls, and from .24 
to .41 for nonpsychotic first-degree relatives vs healthy 
controls. The fact that these meta-analyses included stud-
ies using heterogeneous assessments of NSSs with poten-
tial “file drawer” problem54 might have affected their 
effect size estimation. The present study, using a large 
sample recruited with the same criteria and assessed with 
the same NSS instrument, can address these limitations.

The “small-to-medium” effect size52 reported here is 
important when one considers how many affected individ-
uals may be detected by clinicians based on the relatively 
simple tool (the CNI) that assesses NSSs, as compared to 
the more complex measure of IQ scores, especially across 
the lifespan (see supplementary figure S3). In a binomial 
effect size display framework,50,55 with r  =  .15 (Cohen’s 
d = 0.30, before matching), the success rate of solely using 
NSSs to detect an individual with psychosis tendency 
from healthy individuals increases from 42.5% to 57.5%, 
which is moderate, but not trivial in medical research (see 
Table 11.8 in Rosenthal and Rosnow,50eg, the effect size 
(r) of aspirin in treating heart attacks was .03). This suc-
cess rate would increase further after taking into account 
covariates such as age, gender, and intellect, as the effect 
size would increase from .15 to .22 after matching these 
covariates. It is thus necessary to develop a normative 

guideline that includes distributions of NSSs conditioned 
on different demographic variables to enhance the poten-
tial clinical utility of NSSs in translational settings com-
plementary to other face-valid symptom assessments.

Another novel contribution of our findings is the delin-
eation of the lifespan trajectory of NSSs in schizophrenia 
patients and healthy participants. Our findings showed 
that schizophrenia patients exhibited a flat but overall 
elevated level of NSSs across the lifespan in contrast to 
the U-shaped pattern observed in healthy participants 
(see figure  2). The U-shaped pattern in healthy partici-
pants is consistent with the general developmental pat-
tern of cognitive functions and physical development in 
humans.56,57 Most importantly, these findings support the 
endophenotype hypothesis of NSSs by linking it with the 
neurodevelopment hypothesis of schizophrenia3,58,59 that 
emphasizes the relative stability of neurocognitive func-
tions after illness onset based on both cross sectional60 
and longitudinal data.61 Longitudinal epidemiological 
studies of schizophrenia have shown early developmental 
adversity imparting increased risk of psychosis in adults 
with the occurrence of psychotic symptoms preceded by 
subtle motor and cognitive impairments in childhood and 
adolescence.62,63 A 30-year longitudinal prospective study 
further showed that people who developed schizophrenia 
in their adulthood had relatively delayed infant motor 
development and impaired executive function, suggesting 
that disruption of frontocerebellar structures may under-
lie both the early developmental and adult cognitive 
abnormalities in schizophrenia.63 Hence, developmental 
abnormality of this system and its related behavioral 
manifestation, such as NSSs, may be an endophenotype 
for schizophrenia.6,15

Our study could also resolve some issues that were 
less clear in the literature. First, it is not clear whether 
NSSs become worse as a result of chronicity. In our data, 
we further compared first-episode with chronic schizo-
phrenia patients matched in age, gender, and intellectual 
level. We found no significant difference between these 
2 groups, which is consistent with previous longitudinal 
studies32,33 and a recent meta-analysis64 that reported min-
imal changes in NSSs in chronic patients, in comparison 
to remitted patients.65 However, the role of antipsychotic 
medication on NSSs remains unclear, although a previ-
ous meta-analysis10 has suggested minimal impact of 
antipsychotic medications on NSSs. Future research with 
a trajectory-based neuroimaging approach may reveal a 
more subtle association between the effect of antipsy-
chotic medication on brain structural alterations66 and 
the subsequent effect on the behavioral manifestations 
of NSSs.

Second, our results also clarified the impact of gender 
and intellect (ie, a combined variable of IQ and educa-
tion) on NSSs in schizophrenia patients. The data con-
firm that intellect is negatively associated with NSSs.10 
The significant interaction effect of group and intellect 

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv196/-/DC1
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suggests that higher intellectual levels may have a protec-
tive effect in reducing NSSs, which is more pronounced in 
healthy participants. In addition, gender differences were 
found in schizophrenia patients but not in healthy par-
ticipants, even though the effect was small. This finding 
is consistent with the cognitive literature,67 but it seems to 
be at odds with the NSS literature,68 which however tends 
to be limited by small sample sizes.

One of the caveats of this study is that the difference 
in NSSs between schizophrenia relatives and healthy par-
ticipants was less robust compared to other comparison 
groups. Although first-degree relatives of schizophrenia 
patients may carry genetic vulnerability towards psy-
chosis, the expression of these genes may be affected by 
various factors along the course of development.3,24 Thus, 
relatives may inherently have more variability in the man-
ifestation of schizophrenia-related vulnerability markers, 
compared with SPD individuals. It is possible that a more 
reliable effect in the relative group would require a larger 
sample size. Future research should consider the use of 
better-controlled twin-study design with a reasonable 
sample size to investigate the genetic predisposition to 
the illness. Furthermore, the cross sectional nature of this 
study precluded the possibility of separating progression 
from cohort effects, as noted in most large-scale popu-
lation-based studies,4 even though assessments of NSSs 
were based on third-person ratings that were less likely to 
be affected by sociocultural factors. While future longitu-
dinal study is desirable, the unique contribution of a cross 
sectional study may outweigh its limitations by allowing 
for recruitment of a larger sample size to gain sufficient 
statistical power.4

In conclusion, our findings demonstrate the sensitiv-
ity and specificity of NSSs in schizophrenia spectrum 
disorders. Life span profiling reveals an abnormal devel-
opmental trajectory of NSSs in schizophrenia patients, 
relative to healthy participants. Future study should 
further adopt a combination of behavioral and trajec-
tory-based neuroimaging measures to examine how the 
variations of NSSs manifest as structural and functional 
neural abnormalities in schizophrenia patients, from a 
lifespan perspective, thereby linking behavioral endophe-
notypes with neurodevelopmental biomarkers to gain a 
better understanding of the pathogenesis and to permit 
early detection of schizophrenia spectrum disorders.
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Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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