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Research on cardiovascular disease risk assessment method based
on whole blood spectral information fusion

He Yang Li Zhigang Yang Ruige Wang Ruixin Yang Zilong

(School of Information Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Cardiovascular disease is one of the leading causes of morbidity and mortality worldwide. Timely and reliable risk assessment
is crucial for reducing disease risk and ensuring safety. The aim of this research is to propose an efficient and convenient risk assessment
method for cardiovascular disease. In this research, Fourier transform infrared attenuated total reflectance spectra and Raman spectra of
108 whole blood samples were collected for the construction and evaluation of risk assessment models. To address the issue of low
efficiency in risk assessment models based on traditional PLS, siPLS, and other feature exiraction algorithms, a chemical bond-driven
synergy interval partial least squares algorithm ( CBDsiPLS) is proposed for feature extraction, and combined with machine learning to
construct a risk assessment model using single data sets. The test results show that the proposed method outperforms traditional feature
extraction algorithms. In addition, by utilizing the complementary information from mid-infrared and Raman spectroscopy, a risk
assessment model for fused data was established through feature-level information fusion combined with machine learning methods. The
final fused data risk assessment model achieves an accuracy of more than 90%, a sensitivity of more than 80%, and a specificity of
95%. The experimental results show that the proposed method can effectively assess the risk of cardiovascular disease.

Keywords : cardiovascular disease; risk assessment; whole blood spectrum; feature extraction; information fusion
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ezl , NI (C=0) FIFEH(O-H) .

72 T T Ao N AR ' A R A % (L 2 B0 )
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HIFFIETE 2, AR O T B I B S P9 AR DI AR G

A B /N — e 5 3L (partial least squares,
PLS) SR AE I U 28 8 (08 A — ol B 4 Jy ik il o
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Fig.1 FTIR-ATR spectral data set of whole blood
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Fig.2 Raman spectral data set of whole blood
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Fig. 3  Feature fusion principle
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A B PR A B A DR IR A B s TV 4 o
FAPEREA B 28 IE B O REAS B

TERCHE Rl A R S0 v Sy 1 Aol B — Bl A R 4K
Rl S AR Y 43 2RSSR HE SO EOUL, 7 LA B 3 PR
FEARI LR LRI ROC 4 WM 48 b7, ROC LR
BEARARACER 1 I e 5 1, AR AR R . iR
AT AUC 27, AUC R, bRl 35 BB A B 1 (5119
IIBCR

3 KBERSHT

3.1 B—HiEER

T4, SR LR 97 1 AN — b Xt S 56 B 0 00 £ i Ak
Rk L BR L EIE AL A TR 2R, 15 T B Y AT A
P N PR S £ 2 A1 19 77 23l 43 SRy DI 25 4 il 3
R T 2 3 IR 5y, SRJE, 43 SI%T FTIR-ATR Dl
TEEHE Il Raman YE1E 508 5 FH CBDsipls  sipls Fll pls bil
A R B R (106 503 QO R (A - Q2 ot & 27 S s 1 Y A R 1)
T3 KR AZ ST IE %) 1 B 5 R/ 3 B e AR AR AE 4 5K
RS, AN TR 7 2% 52 O R AE 43 500 655 P il AL 2R AR
XGBoost Fil SVM HE 7 4r 28 IE A7 S8, 05
ZERANFE 1~3 Fis,

F1 B—HIEENFRERSRER

Table 1 Classification results of random

forest model with single data (%)

BAEA REERR O TR R HRE
CBDsiPLS 81.25 75.00 85. 00
FTIR-ATR siPLS 75.00 66. 67 80. 00
PLS 75.00 66. 67 80. 00
CBDsiPLS 62. 50 58.33 65. 00
Raman siPLS 62.50 58.33 65. 00
PLS 59. 38 50. 00 65. 00

M 1~3 AJ LR E ), CBDsiPLS J7 VE7E A [Rl R 7Y
R E T AL, TOS R R | R SR
SRR A TS AL, AN, 78 BE ML AR AR A
FTIR-ATR %05 4511 CBDsiPLS J7 vk HERA 2 Hy 81.25% ,
B 555 T siPLS(75.00% ) #1 PLS(75.00%) ., 7F Raman

Hdidi b, CBDsiPLS BUMERf R & T siPLS Hl PLS, {H#E

PREBUET FTIR-ATR £ 4, ik vl B2 th T ARG 1%

BRI ZE R LA 25 8. mal DLE

CBDsiPLS J5 ik L 1 HAHXS A2 50 e L,
Fx2 BE—#E XGBoost HEI LR

Table 2 Classification results of XGBoost with single data

(%)

BOERA! RHMERIBOIE MERR R Rk
CBDsiPLS 84.38 83.33 85.00

FTIR-ATR siPLS 78.13 75. 00 80. 00
PLS 78.13 75. 00 80. 00

CBDsiPLS 62.50 58.34 65. 00

Raman siPLS 68.75 58.33 75. 00
PLS 62.50 66. 67 60. 00

F3 BE—HIE SVM EEISRER
Table 3 Classification results of SVM with single data

(%)

BAERE RMERBONE MERRR REE  retk
CBDsiPLS 78. 13 66. 67 75.00
FTIR-ATR siPLS 71. 88 50. 00 85.00
PLS 71.88 50. 00 85.00
CBDsiPLS 62.50 66. 67 60. 00
Raman siPLS 59. 38 41. 67 70. 00
PLS 50. 00 41. 67 55.00

CBDsiPLS J7 22 it LA RE 8% 7 O3 Ao b 4 1 B an
e R R I, FEA 5 TR, ZF AT
SRR SRR 7RG B Th s B B R b2 X
F X [RIEA TR A 0BT . X SR M AN D T 0 A Bl ot
PEAIPERE T, 38 i A A5 AU 0 4 v 1 5 0 1l 8 9 0
KBS FH S HIARAE , I, CBDsiPLS 5 v NS 55 S0 4
BBCHE 500 IS 995 R O A T A 2., DT i o A5 7R )
IR

J T HE—HIAE CBDsiPLS J7 YA EY XA 8 8
PEHEF QN 4 FizR, 0T LG H AR AE 3 220 HE 44 i R e
TR B B X Ry B BRI . Al 4 (a) T LLE
FTIR-ATR WRAESE FZAE P TE 1 750~ 1 650 em™ X
B PN, 3k — XTI R T e T 45 il 0 mER T i f0
THEBEWEAR ZHEE R, B 50 A8 A Y
Sy a2 W B, W TG HDL-C %5, & SV ek, 1t
Hh, B 4(b) o Raman YERERFIE I 504E TF 7 3 000 ~2 800
F11250~1 000 em™ , 5 I H G AR, HHY 35k 356 A 265 ) o
FHSEHEAR & . I A3HT , CBDsIPLS 77 538 Y 1Y BTk i 4%
e PR ARRAE 2 2 48 v 7E 45000 1A 9 90 s o 0 R 5 1 D B
T BREERFAE AN S 0 I 5 11 JRURS: %% D0 A 5%, i L
TEOCTE B T B B R X — R — 2k
BT CBDsiPLS J5 i A RCHE FVEr X R b e e 0
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(b) Raman spectral feature importance ranking

K4 FREE MY

Fig.4 Feature importance ranking

3.2 BEHEER
TR — B R B | K i — 20 R JT CBDsiPLS

BRI FTIR-ATR ##4F Al Raman $5AFE 17l & T2
JULR 3 RO B, O A 7 S R A SRR, A3 i 1
BEHLARMR , XGBoost Fl SVM & 7. 1 T~ il -5 5006 1) 43 2
FRERL B IS AORRAELE BE 20T 02 14 410 4R 15 48, A
R EE RS VR T R Rl B 1Y S B 45 R S me L
— AL (ff ] CBDsiPLS #EAT 45 412 Wi 2 37 1 73 S A
RY) WSS A5 A AT TR G, SE g R X LNk 4~ 6 i
78, ROC M4 R XT LNl 5 FR .

F4 BHEMRBASEENBIRMER S RERIL

Table 4 Comparison of classification results of random

forest models with single data and fusion data ( %)

i HETH R R R
FTIR-ATR 81.25 75. 00 85.00

Raman 62.50 58.33 65. 00
AlA Hdi 90. 63 83.33 95. 00

x5 B—HIENEASEIEN XGBoost A 5 HK L RITLE
Table 5 Comparison of classification results of

XGBoost models with single data and fusion data ( %)

A HEH % R TS
FTIR-ATR 84.38 83.33 85.00

Raman 62.50 58.34 65. 00
AlA Hdis 90. 63 83.33 95. 00

x6 B—HUIEFMBSHIERN SVM RS EEE RNt
Table 6 Comparison of classification results of
SVM models with single data and fusion data ( %)

b€/ | HER R R S
FTIR-ATR 78.13 66. 67 75. 00

Raman 62.50 66. 67 60. 00
Al HE 90. 63 83.33 95.00

M 4~6 TTLIFE ), 1 F FTIR-ATR F1 Raman %{
PEIEATRLA , AlA B BT e BB AR 21 T 5 T
RIS A 2R R R R BB AR v, BN, BEAIL
FRMARL Y il & B E R R EE T 2 90. 63% , RS T+
= 83.33% , KRR FRAE 95. 00% . 1% % W il 2 K3 g
i B A ACHBAHHE B0 M A R I A DGR, Al S A AR A
AEFEZET (BEVLARAK  XGBoost 1 SVM ) ¥4 i 7R Hi 4 g
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