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Relationship between Serum Inflammatory Marker and Psychotic Symptoms
in Inpatients with Schizophrenia or Schizoaffective Disorder
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Objectives  Despite the growing research interest in the role of immunological markers in schizophrenia, a few studies, with con-
flicting results, have focused on the association between high sensitivity C-reactive protein (hs-CRP) levels and clinical characteristics
in schizophrenia. The aim of the present study was to examine the association of serum hs-CRP with psychopathology in schizophrenia.
Methods  Fifty-five inpatients with schizophrenia or schizoaffective disorder were enrolled. Serum levels of hs-CRP were measured,
and each patient was assessed with the Korean version of the Positive and Negative Syndrome Scale (PANSS).

Results In correlation analysis of hs-CRP with PANSS subscales, positive subscale score has significant positive correlation (r = 0.271,
p = 0.046). In independent t-test analysis, subjects with hs-CRP > 0.3 mg/dL (elevated CRP group, n = 43) had significantly higher
PANSS positive subscale score (t = —3.273, df = 24.107, p = 0.003) than those with hs-CRP < 0.3 mg/dL (normal CRP group, n = 12).
Conclusions  Elevated serum levels of high sensitivity C-reactive protein in schizophrenia are associated with the severity of psychot-
ic symptoms.

Key Words  C-reactive protein - Inflammatory marker - Schizophrenia - Positive symptoms.
Received: June 27, 2012 / Revised: July 19, 2012 / Accepted: August 14, 2012
Address for correspondence: Jin Young Park, MD

Department of Psychiatry, Yonsei University College of Medicine, 50 Yonsei-ro, Seodaemun-gu, Seoul 120-752, Korea
Tel: +82-2-2019-3342, Fax: +82-2-3462-4304, E-mail: empathy@yuhs.ac

k] =2 329} Qe 2 7](interleukin, ©]5} IL)-2 AJALS] 74,
O] b WA A, ol gk A2
efjoll uhole Ao ogh Tt AFabgo] 2@ el WY R o 5ol Atk gt e X3
Ip 7] gk A AL aQlo] k= Abdo] HAEGl S Hlol|Ao] gk WAL B Yol APF
o) Mgk 2y Bold Lk welAe] ol ul ¢ bopo
$o9) Shgaelol M A4 Ho s wuEn kY o) AFES %
2@ SRAA Yeh= 197159 oM dE = T Al & +F88k7] flste] mgsiaiAlut ZAat= YAIskA] ar 9l

ijﬂ_‘
2 B

oEE
o
2
o on 12 ot

T
2 F
12
0%
2

m

o
L}
-
0

o

o

>,

>,

P

Copyright © 2012 Korean Society of Biological Psychiatry 193



Korean J Biol Psychiatry 12012;19:193-198

o} A& 5o, ¥ AtolAs v 28
tjztol Blsto] @3 S ARIAHtumor necrosis factor,
0|3} TNF)-02} IL-62] 2271 f-2l5lA| o &7 Lrepstet
E3E Ao E H85HA] o2 A ebEolA S4E
=) 2 4=M(cerebrospinal fluid, ©|8F CSF)Q] 1L-2 427} A4k
gjzgtoll wlal folaiA o &9tk aeu E g2 A1 E
oA o] A} EolER] et
7<7< \_7‘53 531}24_,,]. Eﬂdo)—;ﬂ _L].z%o] z&]tﬂg %/%1,
v} 2| 7HEof ko] E Aolekal B ugrt P o &
o, A 527} o 23y 3RS 4, CSF pro-inflammato-
ry cytokine IL-29] =27} &5 HAHE S49] 412t
=7F ROl o w9k, @3 1129 71-5A7 o W
o Aol o AA TAFUCE 23y
Ao Hotd Ate ek g A+
2o 7 risperidoneol] 712 A8d COX-2 &
celecoxib& AHESFAES wf FAHE|SAFo] F-2l8)
ALY T B2 Ao A= celecoxibo] 2@
ANSA BHETE FAAZIA] otk
7} C WA Thl(C-reactive protein, ©]5F CRP)
St B 317} Q1ith CRP: 7hol| A AAIE o
Ty AEREsoll theh A A marken=A] H
Ak 3t &, Fallojl A Z4E CRP
ol o5k T A1 FEHE-E-ol
Stk &3k CRP= 84

ApSo] A

S
N
ral
o
i‘%
_L,

?sl—o:l ﬁxﬂ

Ir 1o
R
é

ol N
o g&

Al

[:

Of

1o & ngr

1o bu
rH
el
ol

2 o
ol el BN
ox, o_>|:
e =

2 o1e e &
o Y
ur & rr oo
lo )
=
>
-
g o =
ru
et
og ﬂllo

oy
0> oL oR
X,

5

i

7% §on|” CRPY| F7He 934 HBT 3] W38 3
7h9 TAPL QA" AEUA Ak, e, 1211 2 A

]/R1—7]_‘:J4_ o) % =] 5]_‘%_ 4_%]—4_1 HJ»—_,QME],‘lo)Z()) 5?34_%1
o] 1] ST CRPe) Bhelel tiet 57150) 2
aw AL ek 2R gAktollA] A4tk Bl @3 high

sensitivity CRP(OIO} hs—CRP) <=7} 5281 S71=lo] Q)
31" 8% CRP 217} 2@ Qx1Aof| Aztwel #a
o] ‘Zl‘ii‘:}.w
2| A 52 CRP 219) 28] A 1 4
A7 DAISHA] AL li=t, o= 28RO oA, w30l
U RHd ) Zhe Avo] A, e gAY Bt &
of oJgh Zpojd 4= Qlrt?! whekA] CRP <px|9} 232 F4F
of thet RHAE S leliAle thEt A el A
o] ARl 7L D asir). 53] @% CRP —’Fi =4
T AfolE HY 4 ‘21%‘3] P ATES F
HjeIA (oFze)7H| 5)9] S| 2ot ”Eﬁc’ﬂ/ﬂ oozl
Aot wrea o] 2 °F°ﬂ ot Hok 5290 He 9
o} FURE QIF WollA 23T S/} CRP 52| Ato]o] A

194

Al tigh ko] s A0 = Holu| 71| ofAlof Q1
Zoll tigk At A gl Adefoleh 2 = AtollA] =
A O] /4 CRP =A]of gk EAJo] FEH O & o]Fo]
et Frofeh A= vehR] gtk sEAEE o] A=
Z&Ho] A=A (symptom domain)Z} CRP 42| Alo]Q]
A= EAISHA] kAL, T AtaA| /4] o]9]o CRP 4=

g

Z)of| w2 Rk zjol= dofi A] okokth= AlgHdo] et o]
of B A= oA dYAE FA 2EY IAES iy
o2 FAA A3 §3 CRP 4] 7He] Al 9 3ot
W Zpo) & A A} gk
¥ Y
xE
A= 20108 SYHE 201149 29711 I2=H o)

Al JEA7E O HAl S-S oA 28 B 2
FA =2 ofjo]] thak Diagnostic and Statistical Manual of Men-
tal Disorders, 4th editor(¢]d} DSM-1V) AT7|&-S Tk3s}
© S W= st o] 59] AP 31~724] Ato]
a1, i FRo] S| #iskrt AL glo] ‘3“3 BIE Hol= 2
AZo|om, AW e = A =] &Folv S79
el e RS A 0“1: i) Aol AHEE Hrx
WAL A= o= s HEE S 4
tﬂ o= oq:rl—% 5‘}01 A= #o| oL 9]
= Iote] drbd o2 A= d Hrh AA
045} HijA| 7] Eo 2
¢l Zleko] ARFA,
Ad, 3) Hugk 7
HiA|E|Qlek o] ] TR EFo T I QAFY

2| 1]l A FIHE T

!
ot %@

ol
o

e
) -l>
Wosg o Lo
O o rlr mt

N
o K
D

N
T X

]_

4 o
Mo rlr n

2 7}

HHAA} =X](hs-CRP, white blood cell count)= =+H-3
ZFH o)A Routine laboratory testo]] AF&3}= HITACHI
AUTOMATIC ALAYZER 7100(Hitachi High-Technologies
Corporation, Tokyo, Japan) 71715 &38to] A=At} Ao
2|2} HAgLS- Sekisui Control L, HE AHE-3F31AL, AJ9F2- Se-
kisui AFGit) 9] A& AHE-SFSATE o] Aokl 23t hs-CRP #
Ate] 1A= 0.3 mg/dL oJ3t3lom, o] HAAE 7|Eo =
CRP 57+ CRP /& T-&8H3ich

HYx=9] BAle A= sdE galazdelst) dy
o 9 AT A} gholt FA H S48 T4 T A=

(the Korean version of the Positive and Negative Syndrome



Scale, 0]} PANSS)” & o[-g-3to] B71aqlc). sldA-5-2 &
A3t SAHSHE HolA] 3 Ap50)%07] w2l PANSS

Ul sk A2 g Bolgirk

o)

°l

¢

IS A5 } u} E3F thAAE Z CRP > 0.3 mg/dL
ZALE CRP 7122 2, CRP < 03 mg/dLS] 9= CRP
Apato g JLRSke] 7F 1 CRP 4249} PANSS &3 =& 7F
O] A = B8t 1ejar o] F 7le] Fcte]| thsto

PANSS &A= 5, & oA SAH(positive subscale), =3 54

(negative subscale), ~12]11 UHFI AR ] (general psychopa-

Z]

O:

O

thology) 245 7k #jol2 Qo] $13) 53} R T 44
2 olgshgict

E ZAA HAM= SPSS(version 18.0, Chicago, 1L, USA)

A G ol GATL, 5% F2I520lA] B,

Relationship between CRP and Psychotic Symtoms I Kim KH, et al

7ke.
[e)

r

32
e

}1_‘
aa)

Oll
K
4

I4(SD = 8.9)°]31ct. B@A} 50| 5-8-5F
chlorpromazine equivalent® H2s}o]
ol =2 FE T AAHE A3
o3t Atol= ATH(Table 1).

JAE2] CRP 42#|9} PANSS A3 =& 7+
42} CRP 7] ¢
A = 0271, p = 0046005 B9tk T18fut 34 T4
0.091, p = 0.510)2 LR (r = 0.152, p = 0.269)2] 4=

= Fa g 2P EAR O 7 90)AL Wo x| &FFTHTa-
ble 2). F ek, ’é CRP %7}(hs—CRP > 0.3 mg/dL)¥} CRP

4
o A

=2

19.

opEL
Aol s
2 2be)
2 %]

A B A, oA ZA AF T A4

o2
ol
_
32

=

9
9
_"T'__

o,
ol

o]
Foj]

ﬂ
oS
o7

> [

\&u

0

A2
A

4t (hs-CRP < 03 mg/dL) 2.2 FE-ato] ZF e CRP
4212} PANSS ;34 = A S 246, o

SHA] ¢F2 AVHE HIcHTable 2).
I3 PANSS A4=o] gfst & o 71] 2}o] S etolr 7] 9
3 S FE T AHHS A5, PANSS B4 FAF 42

T A=t = -3.273, df = 24.107, p = 0.003)0]|A] 8-2|35} Z}-0]
E HPTH(Table 1)(Fig. 1). 1Lt S4 ZA4F 2% At =

?__,_-" ]l_]- -1.112, df = 53, p = 0.271) ¥ AAAIREE] LF T H4(t =
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131, o5 5 AAAQl 22]9] hs-CRP(< 03 mg/dL)& =
ol B9t B3082%0190M, hs-CRP7F 37He 39> 2 A& why 28y B2 oo 2 JANE S4
0.3 mg/dL)x= 1278(21.8%)°120th. PANSS 9] Bt of 3 AFEAIALHS] Avde dolEgtal, $7He CRP 7
687019l Bl9l= 33~126701%0ek A doI| WE A= F Kol $Rpto] A4 CRP A1 Kol $HAbtol vlst
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"8(21.8%)°11tk. A AR A4 A dxte] Wk ol Sl 23 A4 9] CRP 23] S7F
T AY7I7Ee oF GAUSD = 4201907, W) B ol = AFHHST AR SHel vigk A0\ YA FAkat
Table 1. Demographic and clinical characteristics between the normal/elevated CRP groups
Norm?rl](:iliz)group EIevoT((e::C]R; groul rest of group differences  p-value
Age, mean £ SD (yrs) 46.3 + 8.5 51.3 +11.6 t=-1.656 df=53 0.104
Gender, Male, n (%) 19 (44.2%) 7 (58.3%) x?=0.753 df =1 0.517
Length of hospital stay, mean + SD (mth) 55+ 35 7.4+ 60 t=-1.391 df =53 0.170
Disease duration, mean + SD (yrs) 17.7 £ 6.6 242 +13.2 t=-1.637 df=12.592 0.126
BMI, mean * SD (kg/m?) 25.6 + 3.6 27.9 + 3.9 t=-1.879 df=53 0.066
WBC, mean + SD (10°/ul) 62+ 1.7 69 +18 t=-1.264 df=53 0.212
CP equivalent, mean + SD (mg) 896.3 + 522.6 998.5 + 639.2 t=-0.570 df=53 0.571
PANSS score, mean + SD
Positive (7—49) 153 + 7.1 21.3 + 5.1 t=-3.273 df=24.107 0.003
Negative (7-49) 16.3 + 6.4 18.7 + 6.9 t=-1.112 df=53 0.271
General (16—112) 33.9 £ 11.6 39.4 +10.3 t=-1.496 df=53 0.141
Total (30—210) 65.4 £ 22.4 79.3 +£18.2 t=-1.974 df=53 0.054

CRP : C-reactive protein, SD : standard deviation, BMI :

Body Mass Index, WBC : white blood cell count, CP : chlorpromazine,

PANSS : Positive and Negative Syndrome Scale, t : independent t-test, y* : chi-square
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Table 2. Correlation between CRP and PANSS subscales

PANSS_P PANSS_N PANSS_G
CRP (All Subjects, n = 55) r 0.271* 0.091 0.152
p-value 0.046 0.510 0.269
CRP (Elevated CRP Group, hs-CRP > 0.3 mg/dL,n=12) r —0.035 —0.255 -0.127
p-value 0.913 0.423 0.695
CRP (Normal CRP Group, hs-CRP < 0.3 mg/dL, n=43) r -0.037 0.144 0.064
p-value 0.815 0.357 0.681

« . correlation is significant at the 0.05 level (2-tailed). r : pearson correlation coefficient, CRP : C-reactive protein, PANSS : Positive
and Negative Syndrome Scale, PANSS_P : PANSS positive subscale, PANSS_N : PANSS negative subscale, PANSS_G : PANSS gener-

al psychopathology subscale

30 -

|

25

20 -

PANSS_P

Normal CRP group* Elevated CRP group’

Fig. 1. Comparison of the PANSS positive subscale score between
normal CRP group and elevated CRP group. * : normal CRP group
(hs-CRP < 0.3 mg/dL) : mean value = 15.3 (SD = 7.1), standard
error = 1.1, T : elevated CRP group (hs-CRP > 0.3 mg/dL) : mean
value = 21.3 (SD = 5.1), standard error = 1.5. PANSS : Positive
and Negative Syndrome Scale, CRP : C-reactive protein, PANSS
P : PANSS positive subscale, SD : standard deviation.

AL B 3590 Aol chet AR HarElge
# Aol 5718 @3 CRP 4417} PANSS 94 54 &
A& H=(p = 0.003)2} AAdo] Udick o= &} A
) w3 Ae] o4 BAehel et o4l 217 ks

] ‘:—l_]q‘ 4)5)7)26)29)

of2] e+

r

_\::ld

N

i
Ay
n
2
2
2
Hy flo
B
il
Ju ©
ot
e
4
I
i
o
u)

SHAFS ol A TA|
= Ao w Holn B4Rt 41742 g}
= *gﬂi‘ © = Halh(load)7F A
AT S50l Hhg-5ke] =4 AR A9 4]
7IX71A] F-el= Ao 2 Heltky X 115FIth Shinba
8" 2YE o= 23 bl tisto] A<
H(near infrared spectroscopy, NIRS)-& A|g43}%
Pk T AFHY talsel 7154 st
& W 8kgIc) 3 Hansond}t Gottesman™-2 Tt

|

2 g
=
% fft
& 2
w
o
o
=
e}
(@]
=
fr

T
_O|L
F]F

i
0

nolo X

=

rlo

o
i
> |

ol
A
_l

M oglo Az of
E=
2

i
it
2.
n{o

—
©
»

ot
SE

o] o] A7} AUick
& CRP A7F =9 (> 0.5 mg/dL)ol é*o
e FTHCRP < 0.5 mg/dL)el| HI3l PANSS &332t
9 ARbgAlgE] AFEA folslA =2 HE
12} Dickerson $279] @0l A= CRP $22]7} 2=-2(
mg/ul) 289 253 G4 CRP °21(< 5.0 mg/ul)
o= e 7kl PANSS 3 9 &85 HFofA] ofd
TAE Holx| ¢kgkom Lee 579 Ao 23 Fx
9] BPRS &4 ¥ 7} 53422} CRP 424] 7hol| 2ol 4]
A= EpA] ke
2 A7) Aib= o) Aq-Ee] Autel xfojde] 9)rt Fan
0] oL u A AL £20] QB 5 26 TjALO 2
SFAAL, Lroli= 18~654] Aol o, o5 & W2 1978(73%),
Hiolo] 177 (65%)°12itk. Dickerson 5779] A= 13~654]
Ato9] BRALE 4137 tiAe & sl ol F F 6278(15%)
Tro] 7L Al A Folglal LA -2 whdstE 9
A} Eolqlom, HAlS 2568 (62%), WIA| n]=el-2- 283
3(69%), 117%‘(28%)t ofxze}7IA| wl=Ql, 12fal 13%(3%)
< T2 1Folgink ofof Hlste] & Atz 31~T24] Abele]
PUTHALE 559 diAFo = 51911, d/do] 26'8d7%), 1]
1= 3Ft9lo]9)r). Fan 5% 9 Dickerson S21} 1 @It
o] A} Zjoli= HFAEL] QAFHE 7F 2to], Y3t v
&, 183 GO v 72 o] Adel 5ol ofalf Lt
W2 7HeAd0] Ak F /1F I ASHAAES Aol &
AYE g Aol 2JahH, YEle] CRP 4227} wl=i312] C-

o

BL
I:lEoE:ﬁ.:
wmﬂ&ﬁ
%ﬂllﬂlmg;g o, mlﬂ]_?i
S oo hroun w2

o

\a

-

<

o]



RP 2] 1jsto] foJbl v stokan, v]el tell Al wel
A wlFelnct ofzelbA wlFele] CRP A7 /14 15k
ok Lee 599 @ 9JA] SHQ1E-S AT o)A
o= 8 e dRe] FAP) AUBAEUNL Yo 2 et
L ol 2 et Zpolo] gL, Y 45| CRP 4
X2} BPRS 4= 1F ARk 4] olelo] CRP %7}t CRP
HAE Ao19] YYFA Ho =
olefat AHUE o] ATE F Aol H B MHT S girk

H QLo A PANSS 4= 3}

>
=
ok
= =2
Kl

o7 tlzoll, 38 S A= dnbAle] a4 e
BrtelA B @ALE 7He] Hrpt & #e
7] fEY Ao R Helk

zeo] tigh Al 22 oA 7kA] =A2] AR]7} 917
T 23] cytokineol o8l w7l = HWA-EERES T
Agko] EAx} PelE Aolgkal F2E a1 Q9P ol

JIke] A HofFlnt,

= Aol B 7 AlRbdel ik AR, Ae] e Al
W Aol LA Fold A TSR S
mell & o e dISdE 7R e AeE WEe
< ek =4, A= A5 Tl dist
of AE BukE ZH= Ao R T QAT &2 A
°F=0l 5%, A4 F Be iAo it 9 FrisA Sk
AA, | @AFE2] CRP 215 A4 482 Hato] ubet
A71Mo7 WSk AL, CRPE 572 & Sle of e
8YE & =T S 22 89E S S X3l

A, AtE L2 Structured Clinical Interview for DSM-TV
Axis I Disorders(SCID)&} 2= 231 WS AHE8HA| =

exkel.

[e]
A} HeF(experimenter bias)= HIAIE 4= 1%
Aol = & o thofst YASAS RS 5= JEE, F4
d T AaHE Kol b YAt ¢ Qi ES o
Ao 2 thefst ek 2ol &
T3 QlF ko] Apolo tigh B4 $is)

Relationship between CRP and Psychotic Symtoms I Kim KH, et al

F A5 o AR Ego] B Ao Az

B4 BHOJ:C uIS A T AEEAG - 28 S,

=S|
o,
olN

Conflicts of interest
The authors have no financial conflicts of interest.

REFERENCES

1) Yolken RH, Torrey EF. Viruses, schizophrenia, and bipolar disorder.
Clin Microbiol Rev 1995:8:131-145.

2) Maes M, Bocchio Chiavetto L, Bignotti S, Battisa Tura GJ, Pioli R,
Boin F, et al. Increased serum interleukin-8 and interleukin-10 in
schizophrenic patients resistant to treatment with neuroleptics and
the stimulatory effects of clozapine on serum leukemia inhibitory
factor receptor. Schizophr Res 2002;54:281-291.

3) Miiller N, Riedel M, Gruber R, Ackenheil M, Schwarz M]J. The im-
mune system and schizophrenia. An integrative view. Ann N 'Y Acad
Sci 2000;917:456-467.

4) Rapaport MH, Lohr JB. Serum-soluble interleukin-2 receptors in
neuroleptic-naive schizophrenic subjects and in medicated schizo-
phrenic subjects with and without tardive dyskinesia. Acta Psychi-
atr Scand 1994;90:311-315.

5) Sirota P, Meiman M, Herschko R, Bessler H. Effect of neuroleptic
administration on serum levels of soluble IL-2 receptor-alpha and
IL-1 receptor antagonist in schizophrenic patients. Psychiatry Res
2005;134:151-159.

6) Sadock BJ, Kaplan HI, Sadock VA. Kaplan & Sadock’s Synopsis of
Psychiatry: Behavioral Sciences/Clinical Psychiatry. 10™ ed. Phila-
delphia: Lippincott Williams & Wilkins;2007. p.467-497.

7) Lin A, Kenis G, Bignotti S, Tura GJ, De Jong R, Bosmans E, et al. The
inflammatory response system in treatment-resistant schizophrenia:
increased serum interleukin-6. Schizophr Res 1998;32:9-15.

8) Naudin J, Capo C, Giusano B, Mége JL, Azorin JM. A differential ro-
le for interleukin-6 and tumor necrosis factor-alpha in schizophre-
nia? Schizophr Res 1997;26:227-233.

9) Licinio J, Seibyl JP, Altemus M, Charney DS, Krystal JH. Elevated
CSF levels of interleukin-2 in neuroleptic-free schizophrenic pa-
tients. Am J Psychiatry 1993;150:1408-1410.

10) el-Mallakh RS, Suddath RL, Wyatt R]. Interleukin-1 alpha and inter-
leukin-2 in cerebrospinal fluid of schizophrenic subjects. Prog Neu-
ropsychopharmacol Biol Psychiatry 1993;17:383-391.

11) Rapaport MH, McAllister CG, Pickar D, Tamarkin L, Kirch DG,
Paul SM. CSF IL-1 and IL-2 in medicated schizophrenic patients and
normal volunteers. Schizophr Res 1997;25:123-129.

12) McAllister CG, van Kammen DP, Rehn TJ, Miller AL, Gurklis J, Kel-
ley ME, etal. Increases in CSF levels of interleukin-2 in schizophre-
nia: effects of recurrence of psychosis and medication status. Am J
Psychiatry 1995;152:1291-1297.

13) Miiller N, Riedel M, Scheppach C, Brandstitter B, Sokullu S, Kram-
pe K, etal. Beneficial antipsychotic effects of celecoxib add-on ther-
apy compared to risperidone alone in schizophrenia. Am J Psychia-
try 2002;159:1029-1034.

14) Rapaport MH, Delrahim KK, Bresee CJ, Maddux RE, Ahmadpour
O, Dolnak D. Celecoxib augmentation of continuously ill patients
with schizophrenia. Biol Psychiatry 2005;57:1594-1596.

15) Zhang XY, Zhou DF, Cao LY, Zhang PY, Wu GY, Shen YC. Changes
in serum interleukin-2, -6, and -8 levels before and during treatment
with risperidone and haloperidol: relationship to outcome in schizo-
phrenia. J Clin Psychiatry 2004;65:940-947.

16) Zakharyan R, Chavushyan A, Khoyetsyan A, Stahelova A, Arakely-
an A, Boyajyan A, et al. Genetic variants of the inflammatory C-re-
active protein and schizophrenia in Armenian population: a pilot stu-
dy. Int ] Immunogenet 2010;37:407-410.

Jjournal.biolpsychiatry.or.kr 197



Korean J Biol Psychiatry 12012;19:193-198

17) Meyer JM, McEvoy JP, Davis VG, Goftf DC, Nasrallah HA, Davis SM,
et al. Inflammatory markers in schizophrenia: comparing antipsy-
chotic effects in phase 1 of the clinical antipsychotic trials of inter-
vention effectiveness study. Biol Psychiatry 2009;66:1013-1022.

18) Lowe GD. Circulating inflammatory markers and risks of cardiovas-
cular and non-cardiovascular disease. ] Thromb Haemost 2005;3:
1618-1627.

19) Bassuk SS, Rifai N, Ridker PM. High-sensitivity C-reactive protein:
clinical importance. Curr Probl Cardiol 2004;29:439-493.

20) Pfiitzner A, Forst T. High-sensitivity C-reactive protein as cardio-
vascular risk marker in patients with diabetes mellitus. Diabetes Te-
chnol Ther 2006;8:28-36.

21) Akanji AO, Ohaeri JU, Al-Shammri S, Fatania HR. Association of
blood levels of C-reactive protein with clinical phenotypes in Arab
schizophrenic patients. Psychiatry Res 2009;169:56-61.

22) Fawzi MH, Fawzi MM, Fawzi MM, Said NS. C-reactive protein se-
rum level in drug-free male Egyptian patients with schizophrenia.
Psychiatry Res 2011;190:91-97.

23) Dickerson F, Stallings C, Origoni A, Boronow J, Yolken R. C-reac-
tive protein is associated with the severity of cognitive impairment
but not of psychiatric symptoms in individuals with schizophrenia.
Schizophr Res 2007;93:261-265.

24) Schattner A, Cori Y, Hahn T, Sirota P. No evidence for autoimmu-
nity in schizophrenia. J Autoimmun 1996:9:661-666.

25) Coe CL, Love GD, Karasawa M, Kawakami N, Kitayama S, Markus
HR, et al. Population differences in proinflammatory biology: Jap-
anese have healthier profiles than Americans. Brain Behav Immun
2011,25:494-502.

26) Fan X, Pristach C, Liu EY, Freudenreich O, Henderson DC, Goff
DC. Elevated serum levels of C-reactive protein are associated with
more severe psychopathology in a subgroup of patients with schizo-
phrenia. Psychiatry Res 2007;149:267-271.

27) YiJS, Ahn YM, Shin HK, An SK, Joo YH, Kim SH, et al. Reliability
and validity of the Korean version of the Positive and Negative Syn-

198

drome Scale. J Korean Neuropsychiatr Assoc 2001;40:1090-1105.

28) Mazzarello V, Cecchini A, Fenu G, Rassu M, Dessy LA, Lorettu L, et
al. Lymphocytes in schizophrenic patients under therapy: serologi-
cal, morphological and cell subset findings. Ital ] Anat Embryol 2004;
109:177-188.

29) Maes M, Bocchio Chiavetto L, Bignotti S, Battisa Tura G, Pioli R,
Boin F, et al. Effects of atypical antipsychotics on the inflammatory
response system in schizophrenic patients resistant to treatment with
typical neuroleptics. Eur Neuropsychopharmacol 2000;10:119-124.

30) Bachneff SA. Regional cerebral blood flow in schizophrenia and the
local circuit neurons hypothesis. Schizophr Bull 1996;22:163-182.

31) Shinba T, Nagano M, Kariya N, Ogawa K, Shinozaki T, Shimosato S,
et al. Near-infrared spectroscopy analysis of frontal lobe dysfunc-
tion in schizophrenia. Biol Psychiatry 2004;55:154-164.

32) Hanson DR, Gottesman II. Theories of schizophrenia: a genetic-in-
flammatory-vascular synthesis. BMC Med Genet 2005;6:7.

33) Lee SG, Choi JH, Lee DS, Jang SH, Kim JJ, Kim KB, et al. Correla-
tions between serum C-Reactive Protein levels and symptoms of bi-
polar mania and schizophrenia. J Soc Korean Women Psychiatr 2011;
9:45-52.

34) Naudin J, Mége JL, Azorin JM, Dassa D. Elevated circulating levels
of IL-6 in schizophrenia. Schizophr Res 1996;20:269-273.

35) Zhang XY, Zhou DF, Zhang PY, Wu GY, Cao LY, Shen YC. Elevated
interleukin-2, interleukin-6 and interleukin-8 serum levels in neu-
roleptic-free schizophrenia: association with psychopathology. Sch-
izophr Res 2002;57:247-258.

36) Akiyama K. Serum levels of soluble IL-2 receptor alpha, IL-6 and
IL-1 receptor antagonist in schizophrenia before and during neuro-
leptic administration. Schizophr Res 1999;37:97-106.

37) Maes M, Bosmans E, Calabrese ], Smith R, Meltzer HY. Interleukin-2
and interleukin-6 in schizophrenia and mania: effects of neuroleptics
and mood stabilizers. J Psychiatr Res 1995;29:141-152.

38) Yolken RH, Torrey EF. Viruses, schizophrenia, and bipolar disorder.
Clin Microbiol Rev 1995;8:131-145.



