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A Study of Neurological Soft Signs in Patients with Schizophrenia and
Their Unaffected Siblings
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Objectives  This study was conducted to investigate the possibility of neurological soft signs as an endophenotype for schizophre-
nia by examining neurological soft signs in patients, their unaffected siblings and normal comparison subjects.

Methods  The study sample consisted of 32 patients, 25 of their unaffected siblings and 30 normal comparison subjects. Neurologi-
cal soft signs were evaluated using the Cambridge Neurological Inventory Part 2. soft sign assessment.

Results  The patients were significantly more impaired than normal comparison subjects (p = 0.047) on primitive reflex. The pa-
tients were significantly more impaired than siblings (p = 0.004) and normal comparison subjects (p = 0.021) on motor coordination.
The siblings performed better on sensory integration than the patients (p = 0.020) and normal comparison subjects (p = 0.036).
Conclusions This study suggests that neurological soft signs might be a potential biomarker for schizophrenia, but might not be
an endophenotype for schizophrenia.
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A A A5 o] HAFTHS Cambridge Neurologi-
cal Inventory Part 2. soft sign assessment'*S AF8-3}3ict
L% 298=o] 7+ 3-=50] palmomental reflex(&=HME
BHAD), snout reflex(P<HEAD), grasp reflex(A371HEAD
=] QAEAFES . finger-nose testE7FE-IAAD, finger-
thumb tappingG>7=-AA|EMA), finger-thumb opposition
E7H-YAI®), mirror movement(D[AE251)], dys-
diadochokinesia(4&-2-58H), mirror movement(2)[A-&
252, fist-edge-palm test(GFH-&G-EHEHAD), os-
eretsky test(RAH A7 HAAD 52 &5 249N, extinction
(&7), finger agnosia(z=712} A1), stereognosis(YAIA]
Z}), graphesthesia(X|3}A]2}), left-right disorientation(®}-
L 5% 2o 7H2HES9, rhythm tapping test(2FERFAAD),
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Palmomental reflex, snout reflex= 0, 12] 28 Ao 1}
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o} WS Fr o] vjuoA e FAX SR [Folgt Afol=
E]A] ¢Sk (Table 1).

Primitive reflex

Al 3 371 AARERe] Fdo] gkt 0.25 + 0767,
FAE A 22 03] o= SRbtt BAF ti2te] H]
ol ARE oJu] Ql= Apol7t BAE|ITHp = 0.047). AF-2©
2 Palmomental reflex+= THAF-HAF 2 B (p =

0.047) 3A-FAE Bl A (p = 0.004), Snout reflex= &+
A-FA o v A (p = 0.019) SAXSZE §oJ5t 2fo|7}
=] ITH(Table 2).

Motor coordination

A5 9% 87 2iAbaRe] o] B 697 + 660,
Al 2.24 £ 327, 4 2t 2.87 + 2,682 A4 o
ZH(p = 0.021), FA-FATE(p = 0.004) H]xof|A] oJn] 3=
2po]7} WAEQIC Al A2 2 finger-nose testoll A= &
A=t 2 (p = 0.004), TA-FAITH(p = 0.034)2] H|uof A,

Table 1. Demographic characteristics in patients, siblings and controls

Patients (n = 32)

Siblings (n = 25) Controls (n = 30)

Age (mean + S) 313+79
Sex
Male 15
Female 17
Duration of education, n
6—9 years 4
10—12 years 14
13 years 14

34.8 £ 10.0 273+ 7.4
11
16 19
4 1
14 9
7 20

Table 2. Scores of Cambridge Neurological Inventory Part 2 soft sign assessmentin P, S and C

Cambridge Neurological P (n=32) S (n=25) C (n=30) Statistical comparison*
Inventory Part 2. soft Pvs.C Pvs.S Svs.C
sign assessment ean SD Mean SD Mean SD S . S 5 S o
Primitive reflex 0.25 0.76 0.00 0.00 0.00 0.00 1.99  0.047 1.82  0.069  0.00 1.00
Palmomental reflex 0.13 0.37 0.00 0.00 0.00 0.00 1.99  0.047 291 0.004 1.34  0.179
Snout reflex 0.06 0.25 0.00 0.00 0.00 0.00 1.38  0.167 235 0.019 209 0.036
Grasp reflex 0.06 0.25 0.00 0.00 0.00 0.00 1.38  0.167 1.56 0.119 072 0.474
Motor coordination 6.97 6.60 2.24 3.27 2.87 2.68 2.31 0.021 1.82 0.004 0.00 1.000
Finger-nose test 0.47 0.88 0.08 0.40 0.00 0.00 2.90  0.004 1.26  0.034 0.00 1.000
Finger-thumb tapping 0.75 1.05 0.04 0.20 0.03 0.18 3.54  0.000 1.26  0.21 0.00 1.000
Finger-thumb opposition  1.72 1.63 0.64 1.25 0.70 0.99 2.44 0.015 2.12  0.034 1.10 0.273
Mirror movement (1) 0.47 0.80 0.28 0.89 0.40 0.72 0.23 0815 322 0.001 0.13  0.896
Dysdiadochokinesia 0.69 1.12 0.00 0.00 0.27 0.53 1.62 0.105 276 0.006 0.97 0.332
Mirror movement (2) 0.16 0.45 0.00 0.00 0.03 0.18 1.33  0.184 1.39  0.164 1.24  0.217
Fist-edge-palm test 1.56 1.72 0.96 1.27 0.77 0.94 .57 0.117 339  0.001 234 0.019
Oseretsky test 1.16 1.59 0.24 0.66 0.67 1.03 0.88  0.379 1.82 0.069 0291 0.361
Sensory integration 2.10 2.31 0.80 1.53 1.70 2.00 0.48 0.634 1.33 0.020 0.27  0.036
Extinction 0.06 0.25 0.00 0.00 0.03 0.18 0.53 0.596 249 0.013 1.95  0.051
Finger agnosia 0.84 1.27 0.20 0.71 0.70 1.06 0.23 0817 1.26 0207 091 0.361
Stereognosis 0.13 0.49 0.00 0.00 0.00 0.00 1.38  0.167 2462 0.009 2.51 0.012
Graphesthesia 0.66 1.00 0.44 0.87 0.63 1.07 0.26  0.798 1.26 0207 0.00 1.000
Left-right disorientation 0.41 0.71 0.16 0.37 0.33 0.55 0.08 0.936 1.00 0318 0.73 0.466
Others 0.87 1.01 0.44 0.65 0.60 0.77 0.96  0.337 1.56 0119 072 0.474
Rhythm tapping fest 0.75 0.92 0.40 0.65 0.57 0.77 0.68  0.494 1.35  0.176 075  0.451
Go/no-go test 0.13 0.34 0.04 0.20 0.03 0.18 1.31 0.189 1.12 0265 0.13 0.8%96
Total score 10.19  9.09 3.48 4.25 5.17 4.16 1.93 0.054 298 0.003 1.91 0.056

# 1 by Mann-Whitney U test, two-tailed. P : patients, C : controls, S : siblings, SD : standard deviation
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finger-thumb tappingollA= A-AA; thxat vlwo|Xp =
0.000), finger-thumb opposition®|41= FA-AAF 2
= 0.015), TA-FAI7E(p = 0.034)2] H|R| A, mirror move-
ment(DolA= FA-FAIH(p = 0.001) H]weflAl, dysdiado-
chokinesia®l A= BA-FAIE(p = 0.006) H]Lol| A, fist-
edge—palm testo A= A=A (p = 0.001)¢] H]ue} §
A-74% d2w(p = 0.019)9] Hluwo|A FAZCZ FOof7t
Ato] 7} TAE QI eH(Table 2).

Sensory integration

A5 s 570 AARE ] FRtol 2Rkt 210 + 231, 9@
At 0.80 + 1.53, AAF TR 170 + 2.000.2, THA-FA]
w(p = 0.020) H]wLof FA-FA4 tx=w(p = 0.036) H oA
Ou] Q= o7} TE AT AL A S 2 HiH extinction®]]
A - Al(p = 0.013) B0l A, stereognosisoll A= 2+
A=A (p = 0.009) BluolA AR {-o3t 2fol7}
HA= 9T (Table 2).

AA ke vl

S 10.19 £ 9.09, FA|TE 348 + 4.25, A thRF 517
+ 4160 8 o]59] vluo A= F-FATE(p = 0.003)°l 4]
T FARC R [ofgk Zpo|7F TAE|SITHTable 2).

LA

o] A @A S AT} 2ege] AEsty 1A
AL} WAIE A REA] 7HsAdo] =A1E &1l ot 2

W Bt 5] 224 9, el S o= o
AT A58 v il 2 A 28 sl
74 duiclof H|gto] FAX O R 9]9] Ql= w2 HIERE A
AR QT ok o] AR EAAEA)
7S ERIE 4= Qo) AAE FAEoME =2 |
2 b ol e ZHs e Bl 4 e

ALY Q37 2Ege] WAgdolgt= 7ol
&0 AjEle] Skt ol T 2o BAANS
Wihe.2 B ik A, AHAASH 459 Wgo]
] Bl A] Al Rt A Yeh=t, 2EY o] o
e s olutol

JAEE Y|SB S0%eIA 65%2] M, kel

82 5% AER LA U B4, AAHO R
2 2] ZpEo) N et @4 Ak olage) v
Bo] Ao} By th2 Y 0 FER BuET gt
SOl gt 0wt ol SWHIsH: 4 A}
QAATE AA, 212 Xu 0] A it Aot gt

182

Al Ao o]gh 7] ok A7FSE 267480 U] A
ole} 12749 A=A ”‘P'EO]E oz AT A9
FAAS Flgk 4= ]It YA, Cambridge Neurological

Inventory®?} Neurological Evaluation Scale 59 94 417

=2 7%_??_% Ao 7 =25k /\ = 5¥Eo] 7Hu1—5]o1
49§58 B0kl v 4 51k
W2 APAFEA A7 FAAT TS AT

044011*1 galrgelers S Hafel

S~
2
s
oy
B
5 =
r% .
i)
2
&
H
[

% ro
ox,
e
on,
3_1:
2
o
o 4
i

2 oo RI

-1 (

2

olN

ox 32

g fr

— o

Hr

Mo Q-

z

@ ox,

hu ?

v =

P

€ do
oly
o) ﬁ
|
E
2
2
>
-9
%
>,

4
=2
2
1
4
>,
<
2
o
it
a3
o
et
w4 R
EQ
32
<
?
T
<
of

o
=]
i)
ok
o
o
(4
[m
©
oX,
o
H
i

o= E skl 2@ g E e
gt AG7F AEE AL Sl iellA 05* A7 A
7 2dY 2] 7HE Yol A E =2 Rl R Yeht=A|of
i AR = 7He] A7F HuEglo) ol A= A
ojgt A& Holil §lo] Hf 2 A} A 7SS oA
o= 3t F7FA A7 Hastelth 3 o] At 719
T Aol A AR&3F Neurological Evaluation Scaleo] obd
Cambridge Neurological InventoryS AF&3Fth Chend}
Chan®©] Cambridge Neurological InventoryS AH8-3}¢
Z@ol| o]ghe wigly} Fol W 2o o] A] ok
247k wRlt F=QlE 217t vjwsle o JFo] WE &

AF O & Fogt 2foli= WAE|A] ghotet. ol2gh w4
&, o] At AgellA ofn] o= 2| ElE 7HE =
oA Eelst= GE¢l W Cambridge Neurological In-
ventory= ©| A+ Aol B AgeE A Eqtet & 4= Qlck

7129 el A+ Ak} nE7 A2 Motor coordina-
393} Primitive reflex @Al A; thRtol vs|
SRt A FAA R FofH| w2 g Hol
HA Q9o BESHA HAAEAG THe S
L HhHO| Bl 2]o] HW-2 Aol A 2@ et
7}E Yol|A] dulolo] ] H|3] 914 AlAsHE 2B} Sol51
O} o] Aqtoll A= o]t AutE &
tole] Q1o & QI EAIEHA 2l

T WSS A ol 4

2ol Zpo|7F ldet. A AtollA AR
41738+ 1”5—4 Hl=7h *L"‘OP(]E}% @HL
H| w4 2]o) AtSols 94

e

ah

tion %4

ox el
oE

o 2 F
et
B

o ol

50
5
o

pos)
o
Fu
o
fin)
2 g
3:0

]_

Wi

0131

O o
mkt rlo

r 2
)
O

_, FO"

L
F_R

% ol

ol

N

X ozo
T ffF -
fo

O

= ¥

o oft to >
Lo 5 A
rT

ro,
o H
2 g

2
ox,

20, §
3 M

N
-

101'
_I.4



Neurological Soft Signs in Schizophrenias and Unaffected Siblings I Cho JW, et al

5o} Ao TAE e AL 2 Yepdtar, dHe] ¢ o
F2O| dAtolA] Ag4ldsta Aeet IAE Eelshr] of
HYE E3E XA AT = A|7to] HulE ol Bl
2 A A UERE Ao g delA] 9a P gpgalsek
=

=of 98f 22h8 e 2 Yehts 457t oid Aoz d#A
ol o] dATre] Ankg AW 7|ztolut oFE Ego] w2
Aoz Adrgslr= ofHet.

o] efof] Fx19] Aol o3t ks sl & Ze vt Stk
E 14 WHo|(de novo mutation)”} & W Fa3+ ¢
& 3h=t), Kong 5770 ¢t Auf 74 gA] £219] o
ol H&4E A7t 27 € & 1 WHol(de novo muta-
tion)2] 7 F7FSFAAL, o ol 2@ ol qlof
A A F21] Ago] Fagt AU S IS = S
t}. 0]2} AR DOnofrio 5779 A4 19| F310]
Al Efoldt AR 9] A9 2@, =43 Aol AlE, oY

rl

3T

2% Bl 5=
Aol ZRl=rt ]Eﬁi WA & o, =7F A2 £
9] pol5 HRgRE sto] A4 Yehd= A417%
kA oo Wzt gelgtthy, olggt = k=& woj(de
novo mutation)?] ¥FE AT 4= & A= Hrh

o] Aol AT AR, thid7t A= Aot} Ao
A AR 2@ A4 Al A9 J?_rﬁﬂoﬂ tiaf A
2 AR5 AG7F At A-rol7] wiol g ufollA]
T it JehS e & Sk At A '”ﬂ‘ﬁo]t  Ao]
o}k &4, o] dAtellA 2] 7HEAEo B FATNE ekl
9lo] G Lo Byl At E3F ZFA|AOE T

g mET AT fEg] B

Aolck, mixjute & o] elgtol A A g watetod
AA AATHAE ALof FeFS |z £ Q= THHLE 2F

o1 sesick ofelet Ao o1 o] o 94 23 % 9
A} 3] AL S A A 2
HhAIE 4 gl
2T W] 71 ol QAT HF] Sl
ohat SHel ol S BHEakr] SI) B FhellA] thifm
o o B2 g FAkel bet Aol n A1
@ < Sk e ASelok @ lelel, 71 4 417

N
é
_I.4
o
o
_\;
o
Sl
i
2L o
o q
e
sy M
2
_V,L

B4 B0} 28 QAL A A WP
Ay A

Acknowledgments
2 dTe SARAstdTA0) AT AU R LY,

Conflicts of interest

The authors have no financial conflicts of interest.

REFERENCES

1) Gottesman II. Schizophrenia epigenesis: past, present, and future.
Acta Psychiatr Scand Suppl 1994.384:26-33.

2) Petronis A. The origin of schizophrenia: genetic thesis, epigenetic
antithesis, and resolving synthesis. Biol Psychiatry 2004;55:965-
970.

3) McNeil TF, Cantor-Graae E. Minor physical anomalies and obstet-
ric complications in schizophrenia. Aust N Z J Psychiatry 2000;34
Suppl:S65-S73.

4) Hultman CM, Ohman A, Cnattingius S, Wieselgren IM, Lind-
strom LH. Prenatal and neonatal risk factors for schizophrenia. Br
J Psychiatry 1997;170:128-133.

5) Curtis CE, Iacono WG, Beiser M. Relationship between nailfold
plexus visibility and clinical, neuropsychological, and brain struc-
tural measures in schizophrenia. Biol Psychiatry 1999;46:102-109.

6) Gooding DC, Miller MD. Nailfold capillary plexus visibility in re-
lation to schizotypy. Schizophr Res 1998;32:207-212.

7) Heinrichs DW, Buchanan RW. Significance and meaning of neuro-
logical signs in schizophrenia. Am J Psychiatry 1988145:11-18.

8) Gupta S, Andreasen NC, Arndt S, Flaum M, Schultz SK, Hubbard
WCG, et al. Neurological soft signs in neuroleptic-naive and neuro-
leptic-treated schizophrenic patients and in normal comparison
subjects. Am J Psychiatry 1995;152:191-196.

9) Papiol S, Fatjo-Vilas M, Schulze TG. Neurological soft signs in pa-
tients with schizophrenia: current knowledge and future perspec-
tives in the post-genomics era. Transl Dev Psychiatry 2016;4:30071.

10) Turetsky BI, Calkins ME, Light GA, Olincy A, Radant AD, Swerd-
low NR. Neurophysiological endophenotypes of schizophrenia: the
viability of selected candidate measures. Schizophr Bull 2007;33:
69-94.

11) Kim EN, Jang KY, Kang BJ. Neurological soft sign in schizophren-
ic’s relatives. J Korean Soc of Biol Ther Psychiatry 1996;2:28-37.

12) Yoo S, Choi Y, Lee S, Shin C, Kim S, Son J. The study about intra-
familial transmission of the neurological soft signs in schizophre-
nia. Korean J Biol Psychiatry 2008;15:83-90.

13) American Psychiatric Association. Diagnostic and Statistical Man-
ual of Mental Disorders. 4th ed. Text Revision. Washington, DC:
American Psychiarty Press;2000.

14) Chen EY, Shapleske J, Luque R, McKenna PJ, Hodges JR, Calloway
SP, et al. The Cambridge Neurological Inventory: a clinical instru-
ment for assessment of soft neurological signs in psychiatric patients.
Psychiatry Res 1995;56:183-204.

15) Egan MF, Hyde TM, Bonomo JB, Mattay VS, Bigelow LB, Goldberg
TE, et al. Relative risk of neurological signs in siblings of patients
with schizophrenia. Am J Psychiatry 2001;158:1827-1834.

16) Xu T, Wang Y, Li Z, Huang J, Lui SS, Tan SP, et al. Heritability and
familiality of neurological soft signs: evidence from healthy twins,
patients with schizophrenia and non-psychotic first-degree relatives.
Psychol Med 2016;46:117-123.

17) Buchanan RW, Heinrichs DW. The Neurological Evaluation Scale
(NES): a structured instrument for the assessment of neurological
signs in schizophrenia. Psychiatry Res 1989;27:335-350.

18) Bachmann S, Degen C, Geider FJ, Schroder J. Neurological soft
signs in the clinical course of schizophrenia: results of a meta-anal-
ysis. Front Psychiatry 2014;5:185.

19) Bachmann S, Bottmer C, Schroder J. Neurological soft signs in first-
episode schizophrenia: a follow-up study. Am J Psychiatry 2005;

Jjournal.biolpsychiatry.or.kr 183



Korean J Biol Psychiatry 1 2016;23(4):179-184

162:2337-2343.

20) Whitty P, Clarke M, McTigue O, Browne S, Gervin M, Kamali M, et
al. Diagnostic specificity and predictors of neurological soft signs in
schizophrenia, bipolar disorder and other psychoses over the first 4
years of illness. Schizophr Res 2006;86:110-117.

21) Boks MP, Liddle PF, Burgerhof JG, Knegtering R, van den Bosch R]J.
Neurological soft signs discriminating mood disorders from first
episode schizophrenia. Acta Psychiatr Scand 2004;110:29-35.

22) Bolton D, Gibb W, Lees A, Raven P, Gray JA, Chen E, et al. Neuro-
logical soft signs in obsessive compulsive disorder: standardised as-
sessment and comparison with schizophrenia. Behav Neurol 1998;
11:197-204.

23) Chen EY, Chan RC. The Cambridge Neurological Inventory: clini-
cal, demographic, and ethnic correlates. Psychiatr Ann 2003;33:202-
210.

24) Bombin I, Arango C, Buchanan RW. Significance and meaning of
neurological signs in schizophrenia: two decades later. Schizophr

184

Bull 2005;31:962-977.

25) Chen EY, Lam LC, Chen RY, Nguyen DG. Neurological signs, age,
and illness duration in schizophrenia. J Nerv Ment Dis 1996,184:339-
345.

26) Schroder ], Niethammer R, Geider FJ, Reitz C, Binkert M, Jauss M,
et al. Neurological soft signs in schizophrenia. Schizophr Res 1991;
6:25-30.

27) Arango C, Kirkpatrick B, Buchanan RW. Neurological signs and
the heterogeneity of schizophrenia. Am J Psychiatry 2000;157:560-
565.

28) Kong A, Frigge ML, Masson G, Besenbacher S, Sulem P, Magnusson
G, et al. Rate of de novo mutations and the importance of father’s
age to disease risk. Nature 2012;488:471-475.

29) D’Onofrio BM, Rickert ME, Frans E, Kuja-Halkola R, Almqvist C,
Sjolander A, et al. Paternal age at childbearing and offspring psychi-
atric and academic morbidity. JAMA Psychiatry 2014,71:432-438.



