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Abstract

Objective: To develop an interpretable and deployable individualized glaucoma risk prediction
model based on routine laboratory biomarkers combined with machine learning, and to evaluate
its discrimination, calibration, and clinical net benefit in an independent validation cohort, aiming
to provide a low-cost and scalable early triage tool for primary care. Methods: A total of 1200 indi-
viduals presenting to Zigong First People’s Hospital from March 2022 to March 2025 were included
and randomly split 7:3 into a training set (n = 840) and a validation set (n = 360), with an approxi-
mately 1:1 glaucoma/control ratio in both sets. Features were selected by combining univariable
analysis with LASSO regularization to determine six key variables. Multiple algorithms were trained
and evaluated, with logistic regression prespecified as the primary model. Primary endpoints were
AUC/ROC, Brier score with calibration curves, and decision curve analysis (DCA); threshold-based
metrics (accuracy, sensitivity, specificity, F1 score, Cohen’s k, Youden’s index, PPV, NPV) were also
reported. Results: In the validation set, the primary model (logistic regression) showed favorable
overall performance (AUC ~0.78~0.86; Brier ~0.17) with calibration close to the ideal line; across
the 0.1~0.6 threshold range, DCA indicated consistent net benefit exceeding treat-all and treat-none
strategies. SVM and XGBoost achieved comparable discrimination but exhibited slightly inferior cal-
ibration and net benefit. Conclusions: A glaucoma risk model can be derived solely from routine
laboratory data, achieving good discrimination, reliable probability scaling, and practical clinical
net benefit. This standardized, low-cost approach is well suited for primary-care and health-check
settings as a “pre-stratification before imaging/specialist referral” pathway and merits further mul-
ticenter prospective validation and recalibration.

Keywords

Glaucoma, Machine Learning, Laboratory Omics (Clinlabomics)

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

e

1. BY

TR SRR A A TS BCE MR, BE AN ZR . ek, TMRTERERSm, Kk
S RFEEE T, RALEIBRIRAT I AR R oR, ] 2040 EARRTEORIREHSOL 1.12 24[1]. FHkt
MRTEREFFE SR, B2 DARESAAL . B RINA RGN, A BE e A 92, A
I GE R S ThREARAT (B T I I[2]-[4]. WAL DAEMEE, @ —&0] J. ARRA . FrrEtb HAEW) &
a8 IR AR N S A 2 s, B I Atk

Il R 5 e P FH I = 28 A (IR S BRvfEAL BB . OCT) & WMEAEIRA7 JR B s R 5 52 fr S IR 3R
Lz sgm, H “ERIREME T GHR” 38R FfE DU e s 25 [5]-[ 7] WET 2240 S AE# 50
BR, FTEEMEL AR — R R B TR BIE A E8] [9]; OCT HBER it 45t 2e, Hilk
A IAIANFT B4, ARSI A HORAN S s, B 2 BR[10]-[12]. BRI, BRARAR L Rp 5 25 T e s
A ] RV R R BTG PR, IRR S AL AR R R TR FTEE . S TR A
FEHEAE[4]o

FERXM R T, Hlas5 > (machine learning, ML)y KU PPAG SR AL T8 FIBOAR@ S . 54 SRR —
FRPR IR R AT, PRI ReiE 2R R, MK, FEELESHEERNERT, £

ik

DOI: 10.12677/acm.2025.15113305 1958 Il PR 25 2 33t e


https://doi.org/10.12677/acm.2025.15113305
http://creativecommons.org/licenses/by/4.0/

HA 2%

IENAE . AR 552 XRAESF P IR, R SRRt 58 R A R A5 FIN, 8 ISRl
R RIS SE S S R AR R, THIC A 1R SR i 2 70 T (DCAVEAN R T T PPl ke, SRR “ et 1
B PR UK EA M [5][81[13]-[16]. ST, BALH DI AARERIEA S, BT HdE
RIATSRASE SARHELREE . SRCEERAIEL, SRS I BRI R M Al BRI S5 FEBR Befs B R g i
WA IR R PSS XA, BRI A B AR, SERF AR
JURIBLSE AR R, CAEBTIR, SRIET HAURIGHJOE . ACl AR, A /Ee . i Dhag
SEAEFLRIARDR, 5 OCIRAYA A Bk A AE — e M SRR YRR B AR b . SRR R B hRE
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Table 1. Baseline characteristics of the training set

1. NGRERIE LT

=R Gl - sﬁfﬁmwm i jnﬁ;sgsgﬁ%ﬁ(mk) RERAZ=SE
TR, Bl(%) 214 (50.6) 179 (42.9) 0.031
Age 5429 +11.91 5534 +12.35 0.212
WBC 6.60 + 1.94 6.42+1.75 0.156
NEU 3.60 (2.53, 4.67) 3.93 (3.04, 4.82) 0.020
LYM 2.06 £ 0.65 1.86 £ 0.69 <0.001
MONO 0.51+0.19 0.51+0.18 0.975
PLT 228.16 + 56.35 230.60 + 57.12 0.533
MPV 10.50 +0.98 10.49 + 1.00 0.860
Hb 142.66 + 14.96 141.74 +15.15 0.377
Mche 33.56 (32.50, 34.51) 33.51 (32.55, 34.62) 0.213
Nir 1.71(1.18,2.32) 2.13 (1.62, 3.00) <0.001
Plr 105.37 (81.99, 147.73) 130.45 (98.56, 171.40) <0.001
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Lmr 431 (3.06, 5.99) 3.78 (2.66, 5.01) 0.113
SII 371.52 (241.34, 541.51) 498.28 (350.55, 700.07) <0.001
Glu 4.86 (4.24, 5.65) 5.64 (4.91, 6.40) <0.001
UA 342.88 + 80.08 314.78 + 80.08 <0.001
Cr 75.76 = 17.28 80.45 + 18.73 <0.001
Alb 41.97 +3.42 42.11 +3.38 0.554
ALT 18.86 (13.85,27.81) 20.60 (14.85, 28.85) 0.402
AST 21.90 (15.41, 30.38) 21.76 (16.16, 31.24) 0.775
Ast_Alt 1.18 (0.66, 1.91) 1.05 (0.69, 1.67) 0.999
TC 4.91+0.86 4.95+0.90 0.473
HDL 1.24+0.30 1.25+0.29 0.457
LDL 3.01+0.77 3.06 £ 0.79 0.342
LDL HDL 2.59+£0.98 2.59 +0.94 0.993
PT 12.00 + 0.94 12.02 + 0.99 0.687
APTT 31.08 (28.23, 33.91) 31.57 (29.09, 33.83) 0.454
TT 17.07 + 1.51 16.90 + 1.42 0.079
FIB 2.82+0.58 3.16 +0.61 <0.001
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Figure 1. (A) LASSO cross-validation curve; (B) Coefficient profile plot
1. (A) LASSO X IGiEfZk; (B) REEREE
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M LASRAF L PRUS 2 T “ AT I 462400 0, AUF A LU HE . G X7 T L e S 1 3008 = S
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Je 2 [ERELE 0.3~0.5 (X 8], FH45MAEIRIZ KR i BT 72 [ BUAS 3 A B T4l
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Figure 2. Comprehensive evaluation of the validation set: (A) ROC/AUC; (B) Calibration curve and brier score; (C) Decision
curve analysis
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3.4. ERISERBHEE

PL Youden’s J i 2 AR 23 28 RMEL(WLZE 2): Logistic 7EIIFAE 1 R BUS /s 5 BE N2 0.76, TETEL)
0.77, F1 5 Kappa /&Hi; PPV/NPV /K5 FF 28 I E B BEARUTEC, A3 H A5 4 A e R ] 45 4
SVM/XGBoost [HIB{EfaFr1X 2, 5 ROC. Brier. DCA [ RAEHEF —8. & HI5I(AUC). K HE(Brier +
th4) 5 AR5 3R 55 (DCA), FFARBE R TRV BB v 588 nTAT M, HRZfie L Logistic 714
(NIrv Plr. Glu. UA. FIB. CrofENERERL; SVM PENBURIELRIE, HARE SRR B, #—
TRREE TR AR

Table 2. Validation set discrimination/calibration/threshold metrics

2. WESFIRI/ B/ B EIER

95% CI  95% CI

Model AUC Lower Upper Accuracy Precision Sensitivity Specificity F1 Score Kappa Youden’sJ PPV NPV
Logistic  0.82 0.78 0.86 0.76 0.77 0.76 0.76 0.76 0.52 0.52 077 075
DeTCrl:;"n 0.7 0.64 0.74 0.66 0.7 0.59 0.73 0.64 0.32 0.33 0.7 0.63
Random ¢ 0.75 0.84 0.73 0.75 0.72 0.74 0.73 0.46 0.46 075 072
Forest
XGBoost  0.81 0.77 0.86 0.75 0.76 0.74 0.76 0.75 0.49 0.49 076 073
LightGBM  0.77 0.72 0.82 0.69 0.71 0.66 0.72 0.69 0.38 0.38 071  0.67
SVM 0.82 0.78 0.86 0.75 0.76 0.74 0.75 0.75 0.49 0.49 076  0.74
ANN 0.76 0.71 0.81 0.66 0.72 0.53 0.79 0.61 0.32 0.32 072 0.2
A Y
4. g

RO FEET H AT HAR A T OGRS VPRI, JEAEMSI IR RS b NX A FE - RAEFE - IR
Fkas = AN BHE T R AR ST AN, ik b, RITERR KRG E0MiE S LASSO (L1)Fisiik
PRICA A, BECRIEA S AR Gt S8k, OB & T 4 b 2 ALV S A K 78
BRIV B, FRATTBEA I A AUC 1 AME—FrifE, 12 R Brier 73405 1 v il 2% LUK 30 2% %1 5
R fEYE, JFEE DCA EARTTREME N R4 @R e, 45 R MU Im K 5 o i B Seplly, X5
TRIPOD (¥ 775 R WARFE—EX[13]-[16] [30]-[32]. 5T BARG L& IIN T RERERAHLL, U042
+ LRI NAAET . — A KPR A G4, KHE LIS/HIS BIRT ) 2 brdi i 5 yiigmy
MR (AL — . AR s =R KU CRFERIE . S HRAK), BHREEZE Sk =0 E i
FKR[51 8] [10]-[12] [16].

AT RPN HI AT IO 4 7 55 1 “ JOE - AR - AL R - AR st I - 4 B RE” 2 ad ik
W2 SRAEAHDCELME (I NLR PLR) R R WU S80E 5 /MBS AIRES ,  BEAERIFFE7E T A BY sl A 20
JEHR 5 Fnt B 2 (AW SR 2B 12 72 57, R38R I 5 R AV BT 2 AR G 17]-[19]: ARMLERE J7 T, W8 R
5 M B IR 1) AR S DAk A B 5 252300 ARG, AT i TR B s R U 5 T g
SR FREARDC, S AR - RS FEC” MR HE 7 AR E T4 2 ([20]-[22]: AALRIBOTH,
I FEAE S R VT A 2 G IR S W SR B R /K PRI, e AR B sl B R A, TR 5 AR
SO B R B AR L MR 0 4495 R [230-[25]; IR AS kI J7 T, - HIF 0SB R AR/ IE Y R IR T e IR A7 7
MR/ MR R B S 2P e B A 5 s, SR a5 R Bh 1% 2 50fE126]-[28]: &S @R E T
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If, B ThAESZA S T OGHR A W] BEAEAE R ) G B Bl L 2l i, AE AR B B A S N B, O
AR R AR AR TH i [29] 0 IR 8 DUAT R R I -5 ASHIF I DA KR B0 204 21 ) 22 38 2% B 5 57 (1 R A H )
AHEEDE, 7ERTAEREMETTTH, ARG NGS5 IEMN SHAP), FERETLITHE: H—, KA
FRERIZ EE EALD) C LA RES OR IR SR AL T7 18] S5 AR AUE, RS 3 2 I AR T JRUR: R AT b A% B 0K
37 MBI, K, fEAAEMCERT BRI RN, SR M IEN S H IR SRS BN
UK, S kot BRI EG K=, TR SIS B R E N, e RILX R, R dE
(% Brier 5iZHEMZk) 5 DCA S5faue H 5 R BEAH G485

W S S FH 7 T, AR FEAG 6 Kt AOAS AR S b N LIS/HIS FR 4. K656 45 5 [0l 4% i B AT B 46 A
PR 5 RAE AL I . KRG DCA HI2BL, IRIKATAE 0.3~0.5 [ BRE N EAT RBUE 555 SR AU &
F T A B DABR IR 12, P& RE P BIAE: & T2k Db i B9, & B sE. 5t
T RRURA BRI X B, %7 S0 516 5 IR KA + RS SR T B TR S, B “hh
B JERARILRE I JsAT, ST R SR A E P B[ 15] [16] [31]. T 5T A 5% wT
ITHEFE RS, ASCAHE 50 v Rt SRk 5 S e . AR OGS S5 VP At 1 L T MR IR UE 5 3 S A By
ek

R AIAFER MR . Ho—, Srpul BB 5 8 R0 E AT e R IE B 50 R, SMEMTRLE
ANFIHBIX AR BEST A R R AT 22 HoO AT E PR AN BGAIE . 3L =, D W 1 6 HE ALK s S A HERR i
Xof HESRIR T R 2 UK NBE, T(a) JoT5 YGHR B AT A 52 M ML A 28 85 44/ Dh e IR AR 73 RE A 12 75 (b) JEmih
IRBHS 2 R W5 IR R IEEARAE: () TMMEM KT AL XWRTEMR OCT/MET R A3, BRI AT Beay
SRIE R w5 iR 2 K, FE7 DR R4 RS R R . LR B S rTRER IS
IR S BUANH, J5E2HAEIMRIRUE P E “ A X ARK A& RTIR” 5 “ERBEHLSXIR Y 7 BT R fusit
AT IR AR . K=, ORISR PR(WRIR . 4R AR WS F 6 IR Z 18] i R 7 s AN 58 4
AR, HrlReAER B S Y 2R R v JGEEal R 20 T RSB SN 7 it — DR &R .
FUY, A ) R AR VeSO 6 ) — B TR BRI I S PR e s fEMRIERS B, RSk AT SHRIKES4/0CT/
DR BA, FHRZEEMEG SR - UV, HEZNERE - TR E S A4 10]-[12] [15] [16]
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