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ABSTRACT Objective: To screen the main characteristic variables affecting the incidence of cardiovascular
and cerebrovascular diseases, and to construct the Bayesian network model of cardiovascular and
cerebrovascular disease incidence risk based on the top 10 characteristic variables, and to provide the
reference for predicting the risk of cardiovascular and cerebrovascular disease incidence. Methods: From
the UK Biobank Database, 315 896 participants and related variables were included. The feature selection
was performed by categorical boosting (CatBoost) algorithm, and the participants were randomly
divided into training set and test set in the ratio of 7: 3. A Bayesian network model was constructed
based on the max-min hill-climbing (MMHC) algorithm. Results: The prevalence of cardiovascular and
cerebrovascular diseases in this study was 28.8%. The top 10 variables selected by the CatBoost algorithm
were age, body mass index (BMI), low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC),
the triglyceride-glucose (TyG) index, family history, apolipoprotein A/B ratio, high-density lipoprotein
cholesterol (HDL-C), smoking status, and gender. The area under the receiver operating characteristic (ROC)
curve (AUC) for the CatBoost training set model was 0.770, and the model accuracy was 0.764; the
AUC of validation set model was 0. 759 and the model accuracy was 0. 763. The clinical efficacy analysis
results showed that the threshold range for the training set was 0. 06—0. 85 and the threshold range for the
validation set was 0.09—0.81. The Bayesian network model analysis results indicated that age, gender,
smoking status, family history, BMI, and apolipoprotein A/B ratio were directly related to the incidence of
cardiovascular and cerebrovascular diseases and they were the significant risk factors. TyG index, HDL-C,
LDL-C, and TC indirectly affect the risk of cardiovascular and cerebrovascular diseases through their impact on
BMI and apolipoprotein A/B ratio. Conclusion: Controlling BMI, apolipoprotein A/B ratio, and smoking

behavior can reduce the incidence risk of cardiovascular and cerebrovascular diseases. The Bayesian

network model can be used to predict the risk of cardiovascular and cerebrovascular disease incidence.
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Tab.1 Main variables related to occurrence of cardiovascular and cerebrovascular diseases and their assignments

Variable Assign Variable Assign
Age (x,, year) <45—0 TC (x,,, mmol-L ") <4.91=0
45—54=1 4.91—5.64=1
55—64=2 5.65—6.41=2
=65=3 =6.42=3
Gender (x,) Female=0 LDL-C (x,,, mmol-1. ") <(2.94=0
Male=1 2.94—3.51=1
Smoking status (x;) Never=0 3.52—4.11=2
Previous=1 =4.12=3
Current=2 HDL-C (x,;, mmol-L"") <1.17=0
Drinking status (x,) Never=0 1.17—1.39=1
Previous=1 1.40—1.67=1
Current =2 =1.68=3
Family history (x;) No=0 BMI (x,,, kg*m %) <18.5=0
Yes=1 18.5—24.9=1
Mental illness (x;) No=0 25.0—29.9=2
Yes=1 =30.0=3
Physical activity (x,) Low=0 Apolipoprotein A/B ratio (x,5) <8.31=0
Moderate=1 8.31—8.67=1
High=2 8.68—9.07=2
Vegetables/Fruits (x,=>5d ") No=0 =9.08=3
Yes=1 TyG index(x;;) <1.23=0
Red meat (x,, =2/week) No=0 1.23—1.49=1
Yes=1 1.50—1.82=2
Oily fish (x,,, =1/week) No=0 >1.83=3
Yes=1 CCVDs No=0
Yes=1

CCVDs :Cardiovascular and cerebrovascular diseases.
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Tab. 2 Clinical data of subjects in non-cardiovascular and cerebrovascular diseases group and cardiovascular and cerebrovascular

diseases group

[N=315896,n(y/%)]

Variable Non-cardiovascular and cerebrovascular diseases Cardiovascular and cerebrovascular diseases b P
Agel(year) 17 796.741  <<0.01
<45 29 941(9.48) 3762(1.1
45—54 74 686(23.64) 17 591(5.5
55—64 89 276(28.26) 43 955(13.91)
=65 31175(9.87) 25 510(8.08)
Gender 3301.340  <€0.01
Female 124 833(39.52) 40 123(12.70)
Male 100 245(31.73) 50 695(16.05)

Smoking status

2065.759  <<0.01

Never
Previous
Drinking status
Never
Previous
Current
Family history
Yes
No

129 253(40.92)
73069(23.13)

8 159(2.58)
6 746(2.14)
210 173(66.53)

159 655(50.54)
65423(20.71)

45183(14.30)
37 184(11.77)

393.526  <<0.01
3949(1.25)
3813(1.21)
83 056(26.29)
4 275.264 <<0.01

74 638(23.63)
16 180(5.12)




1048 TR 224 (BE 2 i)

B50% AW 202447 H

Variable Non-cardiovascular and cerebrovascular diseases Cardiovascular and cerebrovascular diseases ba P
Mental illness 532.280  <<0.01
Yes 72 230(22.87) 33 027(10.46)
No 152 848(48.39) 57 791(18.29)
Physical activity 668.927  <<0.01
Low 39 911(12.63) 19 262(6.10)
Moderate 91 891(29.09) 37 489(11.87)
High 93 276(29.53) 34 067(10.78)
Vegetables/Fruits(=5d ) 1.471 0.225
Yes 182 024(57.62) 73 616(23.30)
No 43 054(13.63) 17 202(5.45)
Red meat (=2/week) 593.884  <<0.01
Yes 72 763(23.03) 33 470(10.60)
No 152 315(48.22) 57 348(18.15)
Oily fish (=1/week) 558.101  <<0.01
Yes 124 776(39.50) 54 525(17.26)
No 100 302(31.75) 36 293(11.49)
TC (mmol-L™") 11031.944  <0.01
<491 44 548(14.10) 33 847(10.71)
4.91—5.64 58 769(18.60) 21 358(6.76)
5.65—6.41 61 435(19.45) 18 473(5.85)
=6.42 60 326(19.10) 17 140(5.43)
LDL-C (mmol-1L.7") 9949.487  <<0.01
<2.94 44 785(14.18) 33120(10.48)
2.94—3.51 58 282(18.45) 21 295(6.74)
3.52—4.11 61 140(19.35) 18 714(5.92)
=4.12 60 871(19.27) 17 689(5.60)
HDL-C (mmol-L ) 7270.807  <<0.01
<1.17 47 390(15.00) 30 458(9.64)
1.17—1.39 55303(17.51) 24 100(7.63)
1.40—1.67 59 873(18.95) 20 047(6.35)
=1.68 62 512(19.79) 16 213(5.13)
BMI (kg-m ?) 17 .839.780  <€0.01
<18.5 1350(0.43) 203(0.06)
18.5—24.9 87 643(27.74) 17 399(5.51)
25.0—29.9 95 984(30.38) 39 796(12.60)
=30.0 40 101(12.69) 33 420(10.58)
Apolipoprotein A/B ratio 512.794  <<0.01
<8.31 57 986(18.36) 20 441(6.47)
8.31—8.67 56 199(17.79) 22 458(7.11)
8.68—9.07 56 193(17.79) 23 142(7.33)
=9.08 54 700(17.32) 24 777(7.84)
TyG index 8133.568  <C0.01
<1.23 65 110(20.61) 15 186(4.81)
1.23—1.49 58 735(18.59) 20 715(6.56)
1.50—1.82 54 162(17.15) 25197(7.98)

=>1.83 47 071(14.90)

29 720(9.41)
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2.2 CatBoost # # £ K A K £ £ X e R IEACREL (iterations) & 800 B, X i 15 43 B
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A': Variation diagram of score ; B : Variation diagram of depth; C: Variation diagram of iterations.

1 ETREEREY CatBoost RS IME

Fig. 1 Parameter optimization diagrams of CatBoost model based on grid search method

2.3 AT CatBoost BRMSHERFRBEABRNE  HIMER (22.40). BMI (15.20), LDL-C (8.84),
TRXE Wik AR ETUIZRERE, @i &IR TC (8.55), TyGHa%k (7.99). ZKiESL (6.65).
CatBoost 5 I 50 fil i, 3 9 5 il R E A7 6, AR 1 A/B HfE (4.08) . HDL-C (4.02) . M
SER LR 2, BERVRRAE EEAEHET AT 0L AE 4y MRS (3.80) Atk (3.64).

Age 22.40
BMI

LDL-C

TC

TyG index

Family history
Apolipoprotein A/B ratio
HDL-C

Feature

Smoking status

Sex

Physical activity [Fmmmmy 354

Mental illness [mmmmmmmmT 322
Drinking status " 236

Oily fish 2.09
Red meat 187
Vegetables/Fruits 1.62
0 4 8 12 16 20 24

Feature importance(7/%)

E 2 ZHTF CatBoost E¥LMIGMEAE B EE L HIFE

Fig. 2 Importance ranking graph of feature variables based on CatBoost algorithm
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A, C: Training set; B, D: Test set.
B3 %8s CatBoost B ROC #14R (A, B) MM IR ¥ 4 EH &I (C,D)

Fig. 3 CatBoost model ROC curves (A, B) and prediction confusion matrix heat maps (C, D) of training set and validation set

0.4+

0.2r

=3
—_
T

Net benefit

—DCA Curve
— 0.1 —Treatall
-~ Treat none
i 1 ]

0 0.2 0.4 0.6 0.8 1.0
Threshold probability
A

0.4 r

0.1

Net benefit

0

— DCA Curve
—0.1 [— Treatall
-=- Treat none
L L L L

0 0.2 0.4 0.6 0.8 1.0
Threshold probability
B

B4 Y25 A)RBIUES (B) CatBoost MBI IREUTIF T DCA &

Fig. 4 DCA curves for clinical effectiveness evaluation of CatBoost model in training set (A)and validation set(B)
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TyG index
<123 255
123~ 250
15~ 251
s =183 244
Sex <45 107
Female 522 T 45~ 292 um
Male 478 i 55~ 422 jmmm Tc HOL-C
265 179m <491 240 <11 246
491~ 254 - 147~ 251 |
565~ 253 140~ 253
2642 245 2168 249
Smoking status a5 DB;;‘ 504 uz):f
. < <294= 7
e s 12 185~ 332 204~ 2520
®i 25~ 430 - 352~ 253
Curent .85 S 230 233fm 2412 249

Family nisloryl i CCVDs (;;olmzrzte:ua
= =il = CE 2ol
CCVDs: Cardiovascular and cerebrovascular diseases.
Bl 5 T MMHCH 8.0 L8 55 & % XU DL 57 R 45 &

Fig. 5 Bayesian network diagram of cardiovascular and cerebrovascular diseases risk based on MMHC algorithm
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I 10 A7 Y 748 £ A4 g DU J07 o 28 B A0 | 25 SR U
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BMI, LDL-C, TC., TyG#% . Kikd . &RIFE
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Tab. 3 Conditional probability table of independent parent
node of cardiovascular and cerebrovascular diseases (n/%)
Variable Risk Variable Risk
Agelyear) Gender
<45 12.5 Female 25.0
45—54 19.9 Male 33.1
55— 64 33.0 ||BMI (kg-m ?)
=65 43.4 <18.5 22.6
Family history 18.5—24.9 18.0
Yes 31.9 25.0—29.9 28.7
No 20.2 =30.0 44.7
Smoking status Apolipoprotein A/B
Never 27.1 <8.31 26.7
Previous 31.3 8.31—8.67 28.3
Current 29.9 8.68—9.07 28.6
=9.08 31.6
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TyG index
123 183
123~ 261
15~ 285
a183 211

585~ 256
2642 268

Age
<45 []
Female 522 45~ ]
Male 478 55~ 0
a5 100
Smoking status BMl
=3 <185 045
Previous 349 i ?
43
Current 988 242
Family history
No 0
Yes 100

[ famiy nistory | %31 10
No 0 Ne 75§ 831~ 0
Yes 100 Yes 245 868~ 0

908 0

B

A': When the individual was over 65 years of age and had a family history; B: When the individual had normal weight, no smoking behavior

and apolipoprotein A/B<C8.31. CCVDs: Cardiovascular and cerebrovascular diseases.
BI6 A i B 58 22 19 R T

Fig. 6 Risk prediction of incidences of individual cardiovascular and cerebrovascular diseases
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PRI Sy ] 422 40 G

AW FE b AR O IR R Y 5 I AR R
28.8%, MEEARAT F%E S, FC i i A R Y
KR AR N 31.9% , WSS T 3. 1% ; i
T NAFE W R 3 65 %7 I HLA 0 i 1 8 95 95 5% e o2
DU SH 0 i i e 4 KU ME R R 47.1%, HER R
JRURS: A 48 1o o AR AR5 5 SR s o LA o0 M i 7 %
e B ENPN R IR R TSN RN i 1]
AR i L R B = BB R W BMIGE R
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o T I A A DX BS ABE R Oy 24506, R 7R - I ]
LA 1 PR AN A R BB R A 5 U i BMILL 2R A
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