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1 T AR AP 3T A 15 B P RS A A M R AR A XUBR T
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L. DU AT BE Bt AE 0 B 2 RO ot (AT 610041); 2. JE 508 B S HEBeE 0o B (AE At 100094);
3 A E G S A (65T 100088); 4. FHFIRITACEMIFERE (1 201203); 5. A4t J1 k2 (63T 100094);
6. DU A1V B2 o R 1A ot (R 610041)

[HZE] B BRI EEETR (bipolar disorder, BD) FRi i M IR 8 3 2L F oo FI i i A= Wobr s, TR BAy
AT TR Py IR TSR , Sy TR o fe A AN BB I R T IR IS St . i PRI o P 0 U R e i e U1 R
BTG BE B CIA 102 35244 AU B R 3, IFTEIZ A HEIERE |20 SUFHAMAR (bipolar disorder depression, BDD) FIXUR
¥ (bipolar disorder mania, BDM) W4 . i 2% 1115 (logistic regression, LR) S I 2R AN IR FOMAR 7Y, It i vl fit
FET R AT B RS AR B ST S AR AE X RE AR BN SR B . R 452 FKU7EBD, BDD, BDM =41
h R ELF, i T M (area under the curve, AUC) K T81.6% . %0 TN A AE 2 45 Il /M 5345 58 BE (platelet
distribution width, PDW) . £F-4E4 [ )5 (fibrinogen, FIB) . K Ifil /M Lt Z& (platelet large cell ratio, P-LCR) . 1 fk#5435E IfiL 15 il
B8] (activated partial thromboplastin time, APTT) , &£ IfiLfif§ LA [i] (prothrombin time, PT) . H it =& (triglyceride, TG) ., i#
MR PRAIL T R T T AR R, 25 G T F LR AT UL RS AL A AL TN . g8 SR AR M AT ek
SR AT D AEA R MR MR IR A BD AR, SRR ZE RO SUE B AR A0 MR AR s ) A (B 22 R & 1 6 s e s A 1
HL A2, SRR T 25 R T P R S A M

(8] SURN RS PSS AR AR

Risk Prediction Performance of Blood Biomarkers for
Bipolar Disorder With Psychotic Symptoms

NI Zijun ®", YIN Junping”>*, WANG Xiaoying ®°", ZHOU Yuting', MO Xian', SUN L, ZHANG Wei ®"**.
1. West China Biomedical Big Data Center, West China Hospital, Sichuan University, Chengdu 610041, China;
2. Institute of Applied Physics and Computational Mathematics, Beijing 100094, China; 3. National Key Laboratory of
Computational Physics, Beijing 100088, China; 4. Shanghai Zhangjiang Institute of Mathematics, Shanghai 201203, China;
5. North China Electric Power University, Beijing 100094, China; 6. Mental Health Center, West China Hospital, Sichuan
University, Chengdu 610041, China
A Corresponding author, WANG Xiaoying, E-mail: wangxiaoying@ncepu.edu.cn; ZHANG Wei, E-mail:
weizhanghx@163.com

[Abstract] Objective To investigate biological markers associated with psychotic symptoms in patients with
bipolar disorder (BD) based on electronic medical records of patients, and to develop an interpretable risk prediction
model that supports the identification of high-risk individuals and that facilitates decision-making for providing clinical
intervention in a timely manner. Methods A total of 2352 patients diagnosed with BD and admitted to West China
Hospital, Sichuan University were enrolled using the electronic medical records system of the hospital. The participants
were divided into two subgroups, the bipolar disorder depression (BDD) group and the bipolar disorder mania (BDM)
group. The logistic regression algorithm was used to train and validate the prediction model, and interpretability methods
were used to analyze the contribution of each feature to individuals and the effect of the features on specific target
prediction decisions. Results  The logistic regression model demonstrated robust predictive performance across the BD,
BDD, and BDM cohorts, with areas under the curve (AUC) of the receiver operating characteristic curves always
exceeding 81.6%. The core predictive features included platelet distribution width (PDW), fibrinogen (FIB), platelet large
cell ratio (P-LCR), activated partial thromboplastin time (APTT), prothrombin time (PT), and triglyceride (TG). The
logistic regression model exhibited strong interpretability and was combined with nomograms for intuitive risk
quantification and individualized prediction. Conclusion  The logistic regression model enables rapid and simple
screening of BD patients with psychotic symptoms. Distinct patterns of changes observed in blood biomarkers of BDD
and BDM subgroups enrich the understanding of the underlying pathophysiological mechanisms and highlight the

importance of considering subtypes in the intervention and management of patients.
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XUAHE BB 5t (bipolar disorder, BD ) /E A B PEAS
P (serious mental illness, SMI), & BRANAR-BAE L AE4F
TIE, £76.8% i RIZHEY, SRR BRYN AT+ K FE 2
Rz —, R 3Rl A A EE XS R R E 7 BDAG #f
o PEREIRAR 5 UL, W22 AR 2 ve, U HORTE BT AR
], B mdpse, Bk AN RS BEHE, EBDAN RS,
SRy A A ) FE GRS N R . PF L EBD R E A i
PR R A A0SR0 258 R 54 %, R A JUDRG A4 1k R R 7
B I RN 57%, IR A AR R MR 1 5 I
SRR FEN 13%, K AU PEAE R TEBD Hh A] B8 LU BEAEHE 1Y
B DL PRt R R I U [ B A R o M
R (BD with psychotic symptoms, BDPS) A& B Filfi IR =4
SRICT T it , o TR O R BRARRAS R 45 =) & A= i vl g

KLOIBERAE!" MBI S hf 2, B TS Mg i 2%
PEifs, BDPSH] BE & UK A 73 BLAE S BD Y v ] R BUAFAIE,
AL H i MBS YAR S . 281, BDPSHY
TR A ANV 2, LI & 2 R a2 HAR T,
HEURICHRE " HYRITFE 2 3], S RGTAN Ik 1M/ B¢ i
AR TENG PP 5 01 S A 1 7 ZRLE A B D v 43 8 B % A
. I3 A ST s BD ARG Al B8 TR S AEAR R )
IKETFHE, SR ARAERR 2 R AE RO [RIEE, RE p05
B RE 1 Ty R R A RS 1 i, Lk o/ 1 3 A v A OGS
T3 L AR AR BE A [RDRS PR AL A7 7R 22 52,
FBDPSEBD ) —FliiaE R I, U5 BDPSHICHI iR
RSP AE Y BRSPS AL B 2 OGS, HA
FEF 1M VRAR 5 P BDPS KU Tl A4S AH C A o e 2 o
PR, AS B9 38 2 [l I 23 #r , 483 BDPSAH S 1 I A
AW I T TR A | 3 — 20 43 B 2 )b s A 1 FH Y
S [, S LI PRAZ T S A 0 34 A SO ] B (AL UL i

1 FAREFE

L1 MRWK

ABIGE 3BT T 2011-20244F DU J1| R 242 VG B B kG pf
PA LR R 2 35205BD A, LR ARG R PEREIR
BB IL79701, ANHEA RSO PR IR Y 8 21 55501
A B B RIS WIAT BB FIA A ) 2 ) [ s
Gt 325+ R 1817 A (The International Statistical
Classification of Diseases and Related Health Problems,
10th Revision, ICD-10)i2Wi#5ifEF31.1, F31.2, F31.4,
F31.5, HERR AT HAUMZOR BB . AWTTE i d )1k
AR PR B A ) PR o AR B> Ze 24 HE (20174F #1855 ),

Machine learning

Prediction model Biomarkers

ST R I B BRI, Aok A8 R )
1.2 BDPSiZWiHRAER 540

BDPSHIZIrRHE S . Bl £ E2 W4T A 1CD-10:
U HTA R AR I B R VERIBD” (F31.2) 5l Y i A
KR REIR ) EEAIAR A A AIBD” (F31.5)

BT BE Y HT R AR R ZERY, 43 R SAHANAR (bipolar
disorder depression, BDD) £ (F31.4, F31.5), 211154,
TR ORSCRH AR G P o 1 AR 114 18 2 3R 29651 WURH R AT
(bipolar disorder mania, BDM)#H (F31.1, F31.2), 3:1237
191, HH SURH R AE PR Rl PERE R 1 8 & 35011491
1.3 HiRKE

L TR RO TOR], A AR A
B A A AAIE R S SR A B SEA G O . AF i k784,
B st EdE, 45561 1% 248 B 224 B S
14 HIHFERE

LR 5 DA X+ sBU A B (I 307 450 | B 5 L
AT AT o SR T ek 50 RS 5 A B 2R 4 26 1]
FLEL, P<0.05 22 A GE A7 3.

ffi FHR 4.0.3F1Python 3.8.8%K 14, BEA L7 + 3L Mkt
BRI 23 RN GR A RN o YRt vh JEAT 28 B 1 >R
F R 7 KB (R #AS &) Atk 3%/ Mann-Whitney U5
(28 ) I 4 & B R B H (P<0.05) #EAT9) 20 B
A% O e 5 B, R & AP [R] A 0 8 S 3 PR AR i (P<
0.05), FeJi , (i FH AL AR MR EE BEMEHE 7 6 BE A% O ARFAIE LA
#2 iE [7]) (logistic regression, LR)FEHL, ] T4 w4
AR AR T P P A48 R TR X R R R A T R S Ak,
3 3 3 g YA SRS ), RIS FatT 109138 X
B EPPA B 2H 2 PR e (R AT S e A Ny T AR A
), Fe LA 10%8 28 LI UE BT HER A D PP e A,
EHCE-BIMER, e f i B MR S A6 . BRI REIE
A Y il 28 T 1 X (area under the curve, AUC) P
T AE 11, IR FHlHosmer-Lemeshow i Ja T At AL .

2 #R

2.1 BE&HER

AWF5E Y, BDPSZL 5 BDANERE #p IR 2 A7 7
5 22 545 G127 3% X (P<0.001), BDPSAL LL<45% h F=
(80.2% vs. 70.1%) o ¥ BE it ] 437 22 A1 g it X
(P=0.002), BDPSZH A e >11 H B 8 755 (13.2% vs.
8.5%). BDPSZHIAIE>37.3 °C(1.8%) . L>%>100 min~"*
(19.7%) . k¥ >100 min~'(19.9%) & &F5K £ >90 mmHg
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(1 mmHg=0.133 kPa) (14.3%) tt BT (P<0.05) ; HAEHR
RPN AR, i MRS E R MR HE 3R (platelet
large cell ratio, P-LCR) S AR AR U H i — i (triglyceride,
TG) TH (P<0.05); M PHZLEIVESR] . LLAM T4, JULAT ., i
WHAEM 22 5 TG 478 o SRR ORI UL 48 B R R4S 1.
2.2 REE
2.2.1 HFAESRL

— LR ICT 78R IE, JIT IR B R AT R R R AR
25%LA N o XFBDPSZ 5 BDAFIAS bt M IR 2H 362 352
(NN N TR AN = R s QN Y 2 1 N
Lt FERR M RLAI I B 43 L . 27458 (15 (fibrinogen, FIB) .
ML/ 4375 55 i (platelet distribution width, PDW) . H 2
MO HRR ., AP A A 4 X L € 1L 5 A ] (prothrombin
time, PT) . i 1k #K73 BE L 1% g 1 6] (activated partial
thromboplastin time, APTT) . #kCL4HME 53 Lb . ZLER IS
ity 45 S BDPS Y A 37 A5 6 X 2R ( HUAE [ (odds ratio, OR) >
1, P<0.05] FRIRIZRIZ M 0125 50 DL I 26 e DR 52

PR R A rh 22 A Ge it A A L
RN, Z82000GE AU e H 302 i, 7 22 MK
THNT 10, HEBR Z B L ANE . S TR R AR S 12

WrBDPSHHERA M, o BEATLARAR . EEPEHE T i 8 th A% 0
b WA R B 2R AE - 4E, 4371 J&: PDW . FIB, P-
LCR. APTT. PT. TG, FIHiZF%7EBDI.4H (BDD,
BDM) K i BD B sl I3 Uk Fi A A5 e
2.2.2 AEALMEE

FEZ [ AR, 25 R (1, #61): BDAL &Y
ZAE1 6460, MiKHE7064] . AUCHO.816, MM N
81.3%; PDW, FIB, P-LCR., APTT. PT. TG HA G 1]2#
B PTRAET R, HAhY KKK K . BDDA &
Y7806, MK 3356, AUCHO0.930, HEMFE N
89.8%, PDWHIAPTT & KUK K &, FIBAZ LRI A & .
BDMA H & il 2R 4R 86545, i AE 37205, AUC40.898,
HEHf % 4186.5%, FIB, P-LCRFITG/E KU 2K, PTIEM-
K% . FIBYERTA SR b YA W2 52 0, FIBARE n—A4~
PANT, SBDZH R A A A AR AR (0 XU 3 A 132%,
BDDZH 83 & A K # 9 P R 1 XSS R (1R 5 1%, BDMZ
R RS P P R R Y XU 1S 374 % (Jif A P<
0.001) . PDWHEIgfiN—>H47, BDDZH 3% K A= K5 Al
PEFEIR A XU 14 1136% (OR=1.360, P<0.001) . TGHEHE i
— AL, BDMZH A R ARG i P R 0 XU 54 fin

BD group BDD group BDM group
1.0} 1.0} 1.0 +
0.8 0.8 0.8
Zo6t Zo6t £ 06
=] Red: Train-logistic =] Red: Train-logistic Bl Red: Train-logistic
g Blue: Test-logistic g Blue: Test-logistic g Blue: Test-logistic
o 04 o 04 o 04}
9] 92) xn
0.2 Train-logistic: AUC = 0.841 0.2 Train-logistic: AUC = 0.903 0.2 Train-logistic: AUC = 0.920
. (95% CI: 0.820-0.863) . (95% CI: 0.875-0.931) . (95% CI: 0.900-0.941)
Test-logistic: AUC = 0.816 Test-logistic: AUC = 0.930 Test-logistic: AUC = 0.898
ol (95% CI: 0.780-0 .853) ol (95% CI: 0.894-0 .966) ol (95% CI: 0.863-0 .934)
1.0 08 06 04 02 0 1.0 08 06 04 02 0 1.0 08 06 04 02 0
1-Specificity 1-Specificity 1-Specificity

B 1 #EHROCH] £
Fig 1 ROC curves of the model

ROC: receiver operating characteristic; BD: bipolar disorder; BDD: bipolar disorder depression; BDM: bipolar disorder mania; AUC: area under the curve.

®1 ETRLTENSEZZEEELER

Table 1 Multivariate logical regression results based on final variables

Characteristic 5P 5ob BOM
B OR (95% CI) P B OR (95% CI) P B OR (95% CI) P

(Intercept) —6.167 0.002 (0.001-0.008) 0.000 —8.583 0.000 (0.000-0.004) 0.000 —0.186 0.831(0.077-8.961) 0.878
Activated partial thromboplastin time 0.068 1.071 (1.052-1.09)  0.000 0.084 1.087 (1.056-1.121) 0.000 0.016 1.016 (0.983-1.051) 0.337
Prothrombin time —0.269 0.764 (0.704-0.828) 0.000 0.094 1.098 (0.907-1.337) 0.342 —0.710 0.492 (0.422-0.568) 0.000
Fibrin 0.839 2.315(2.038-2.643) 0.000 —0.703 0.495 (0.357-0.677) 0.000 1.557 4.744 (3.858-5.935) 0.000
Triglyceride 0.157  1.17(1.077-1.276) 0.000 —0.081 0.922 (0.717-1.123) 0.463 0.438 1.550 (1.355-1.782) 0.000
Platelet distribution width 0.171 1.186(1.128-1.25)  0.000 0.307 1.360 (1.261-1.472) 0.000 —0.027 0.974 (0.868-1.091) 0.642
Large platelet ratio 0.026 1.027 (1.01-1.044)  0.002 0.011 1.011 (0.987-1.035) 0.378 0.043 1.044 (1.008-1.082) 0.015

B: partial regression coefficient; OR: odds ratio; the other abbreviations are explained in the note to Fig 1.
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55%(OR=1.550, P<0.001). FEASRIRCER Ty, W2 3%

U A, A AR A AR R 2 i A — 2

PRSP BERS L AF X KRR PEAE IR, A B T BDPSH A 1Y
i PR RS A ) 0
2.3 WAL

O RS B LA B A AT AR, S R AT A T
AL AT (1512) o _E b6 MRFHIEAE 3> 32 5[] I 2 v

1.

0.8}

Actual survival

0.2}

1.0

0.8

Actual survival

0.2}

1.

(=}

0.8

0.6

0.4

Actual survival

0.2

BD group

(=]

0.6}

0.4}

‘|HH\\H”\‘”H”‘”'““‘””‘”" T

B =1 000 repetitions, boot
Mean absolute error = 0.035, n

%

Apparent
— Bias-corrected
" Ideal
0 0.2 0.4 0.6 0.8 1.0

Nomogram predicted survival

BDD group

0.6}

041

B =1 000 repetitions, boot
| Mean absolute error = 0.014, n =1

/ Apparent

— Bias-corrected
/ “ Ideal

0 0.2 0.4 0.6 0.8 1.0

Nomogram predicted survival

BDM group

[

eI
B =1 000 repetitions, boot /

Mean absolute error = 0.02, n =1 23/,/

Apparent
L — Bias-corrected
77 Ideal
0 0.2 0.4 0.6 0.8 1.0

Nomogram predicted survival

*F2 LREZRIRITMH

Table 2 Performance and evaluation of LR model

Group Accuracy Precision Recall F1 AUC
BD 0.813 0.772 0.636 0.697 0.816
BDD 0.898 0.886 0.705 0.785 0.930
BDM 0.865 0.885 0.767 0.821 0.898

Points
PDW

FIB

P_LCR
APTT

PT

TG

Total points

Risk

Points
PDW

FIB

P_LCR
APTT

PT

TG

Total points

Risk

Points
PDW

FIB

P_LCR
APTT

PT

TG

Total points

Risk

AUC: area under the curve; the other abbreviations are explained in the

note to Fig 1.
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Fig 2 Calibration curve and nomogram of the LR model

PDW: platelet distribution width; FIB: fibrinogen; P-LCR: platelet large cell ratio; APTT: activated partial thromboplastin time; PT: prothrombin time; TG:

triglyceride; the other abbreviations are explained in the note to Fig 1.
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DUBRMEAN ] . RRAE STk R /NE B BD 2 AR IR W PT
FIB. PDW. APTT. TG. P-LCR, BDDZ{ H &k HPDW .
FIB, APTT, BDM4 KX HPT. TG, FIB, P-LCR. W41
W, PTHYFEAR . FIBIYTHE . TGHYTH® . P-LCRIGTH 5
BDMZH B i3 A e 1 R KU AF DG B APTT Y
f5 . PDWH T . FIBRYREAR 5 BDDA H 5w A5 s
PRI R IR o ¢ v T 28 i 7% 4SS 75 0000 AR 2R 3T L 51
7R
3 iFig

ARBIFGE T HL T D v ) I VR FR AR A T T A R
BDPSKUS: FUIAR Y, LASZERBDPS % A 1R 1 . 3l
1 FIB, APTT, PDW, PT, P-LCR, TG/Tikn &4, il
PRUCKR A, AL, AT RRAE L T 2o R ok
SR AR A AL L ABIFSE 1 UK R G M S U LR bR
FEBDPSTIUM ¥ {8, #8705 I 55 S92 9 / 1 1 34 A28 195
FRSCHK K BDANH]E AL (BDM -5 BDD ) A g P RE IR (1) 5 5
PEREIALE . EAb, 32 45 1] AR TR Eh 4 37 2k el R o v
Jr] g O B i FH 16 RS Bk 5 . SRR AN
s Can S BD AL R4 b B R A 23141, B MR A
47501 ) v FE IR, O MR RAE, F— 0 SRR IR
S

BEIMFEFR T, BDMALPTHA 6 /R o IR 25 55005 o
PEREAR KU 14 56 (P<0.05) , 754K e 25 i ik ot
e U I A6 A AU T 5 P E AR 4 >, BDDALKG
PERER RS T 5 PR APTT RE K, HHL nT RE# Rk
P52 00 i AR O 6137 (SSRD 2580 A8 B ™, % T
KR PR IR 5 IKURG: R, PIBA, 2 ST A S X o) 6
ik, BDMZH S i 48 bR e XU TEAH G, BDDZH W2 38 i
I RS - R R AR IEAH G o (E A5 &, FIBFET A
Y e ) S5 7 SR A R R P 0 T L, A
AT 4R s LA T 5 1) A7 S ST, 33 B2 i) 8007 5 3K
SABDZH Y i 35 52 0w S R XU AR FHTE SR & o b= A=
FUEARONE , PRI AR AT 5 X435 55 S AR g A 00 4SS 78 2
Y H K. PDWFEBDDH, P-LCRYEBDMA H 35 5 5E AR
DR, Jb 35 T AH DG, EITIEAE s £ I/ IVBS Al i K
IR RAERFAE™ . BRIy 18, TGZEBDMZH & BE if 4%
TE 55 PR v JRURS: (14 1 1] SR, $2 7 g I 4 a3 18 76 I
R AR 22 SR b R IR, RS etk &
A 5 BBk I - S - AR SE HAE FH I 4%, HLBD A [a] £ 7F
8 B L S

WFFEAE R T BE I - S - Rl /e BDPS H ) 22 524K 1
TR . D41 37 5 5ok : BDMZL 5L 8 5 -2 S i

A1, BDDZH Ay H i /I B8 XU FR AR, $i 7R S 70 Ao S P g 24
WO . @ K SRk Sl WAL AT T SABDA P
PTS5APTTHYN JE IR, REMEGEAR LA ] BEHE 76 /1
Y mtE . OBLEMEE: BDDZ A S5 ) i XU AT /g
W R B ——SSRIZE 251 4 5-HT 35 s (A4 51 A&
PAFPE M/ NR D REREAT >, O~y T 25 W) 1) [ 20
JUHERI . @i AP BETE: F 4R PDWHEGR 4518 1
G100 ARWFST & FLPDW 5 BD DR #lp il IR i 25 A 2%,
PR FAHARY AT ST A AR R e

AR FEAFAELL T HiES R DAY A 25 5 85 5L
I, TIEHEER 25503 J1 IR AR R 52, R A= 7 i
FEIHERR I ; QI I 3Z FRFICD- 1070 2R HEHL, R 55
IR KNEWA, FEERA R T A sE 2, F5 i i oY
S A5 i (Research Domain Criteria, RDoC)HEZLY" R &2
A FTRURE . BHETE XBDRY R T 2P AR ph
2 IR T AR, BB R I 2 412 TR R AR
SRR S P A WA S I 4%, SRR UE S RS T PR K,
FF38 28 T B BA B S S TR S AR A

* * *

EBEFRRAEYN (L SR STER DT HANT. Bk, 7T IR
BAEMAT LS G 1, TR E /NG T SO L 5Tk Bt
FEOH A BB T, T TR SO Bli i g DSk A
BT, BB RSTE SO | BRI B S A 1E, S T
g, T AR BRIERIPTRUL, SRS 229K
B, wRFEm H AR SRR B R . AR DA R R S
SELRAT, ELXP M B R IR AT IR 22 R, I R AR T A
ST
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