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Aucxiliary diagnosis model of coronary heart disease in patients with
type 2 diabetes mellitus based on machine learning algorithm

HUANG Hao-dong', LIU Xiao-zhu', GONG Jun', LIU Jie’, ZHANG Zu-yue’, XIANG Tian-yu™"
('Medical Data Science Academy, * School of Medical Informatics , Chongqing Medical University , Chongging 400016, China;
Information Center, University Town Hospital , Chongqing Medical University , Chongqing 401331, China)

[ Abstract] Objective To screen the risk factors of coronary heart disease and establish a classification
model of coronary heart disease in people with type 2 diabetes, so as to provide a valuable reference for
clinical auxiliary diagnosis. Methods A total of 944 patients with type 2 diabetes mellitus who underwent
coronary angiography on the big data platform of Chongqing Medical University were collected from Jan 1,
2014 to Dec 31,2019. According to the results of the angiography, they were divided into 715 patients with
type 2 diabetes and coronary heart disease (T2DM-CAD group) , 229 cases of type 2 diabetes without
coronary heart disease (T2DM group).Propensity Score Matching (PSM) was used to balance the effects
of confounding factors between groups.After matching, there were 389 cases in T2DM-CAD group and 221

cases in T2DM group. Univariate analysis and Logistic regression were used to screen independent risk

T AR 5 0 &L W 35 H (este2019jsex-msxmX0262) 5 5 PR & B} A2 8 B 2E 35 H (ZHY X2019013, YISZHY X202017)
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factors of coronary heart disease. Bayesian Optimization (BO) algorithm was used to optimize Random
Forest (RF) model, Support Vector Machine (SVM) model, eXtreme gradient boosting (XGB) model
and Logistic regression model, and their classification performance was compared. Results Thirty-five
indicators with missing values <<30% were included, and 20 indicators with statistical differences were
selected by univariate analysis. Eleven risk factors including heart rate, smoking, diabetic nephropathy,
serum creatinine, triglycerides, lipoprotein a, albumin, total bilirubin, aspartate aminotransferase,
glycosylated hemoglobin, and urine glucose were screened by stepwise forward Logistic regression.In the
classification model established based on risk factors, the performance of the optimized RF model was the

best in both the 5-fold cross validation (F1 value=0.711, AUC=0.811) and the validation set (F1 value=

227

0.752,AUC=0.810).

Conclusion In this study, a parameter optimized RF model with good performance

was established to determine whether coronary heart disease patients with type 2 diabetes mellitus.
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diagnosis

machine learning;

type 2 diabetes mellitus (T2DM) ;

coronary heart disease;
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Tab 1 Variables and their assignments

Disease duration of T2DM (y, X 1)
Heart rate (beats/min, X2)

Smoke (X 3)

Combined diabetic nephropathy (X 4)
Fibrinogen (g/L, X5)

Serum creatinine (pmol/L, X6)
TC (mmol/L, X7)

LDL-C (mmol/L, X8)

HDL-C (mmol/L, X9)

TG (mmol/L, X10)

Lipoprotein a (mg/L, X11)

TP (g/L, X12)

Globulin (g/L, X13)

Albumin (g/L, X 14)

TBil (pmol/L, X15)

AST (U/L, X16)

HbAlc (%, X17)

Glucose (mmol/L, X18)

Urine protein ( X 19)

Urine glucose (X 20)

Coronary heart disease (y)

<5=1, 5-10=2, =>10=3

<70=1, 70—-80=2, =>80=3

No=0, Yes=1

No=0, Yes=1

<2.0=1, 2.0-4.0=2, =4.0=3
<{40.0=1, 40.0-132.3=2, >132.3=3
<2.8=1, 2.8-5.2=2, =>5.2=3
<2.1=1, 2.1-3.1=2,>3.1=3
<0.9=1, 0.9-2.0=2,>2.0=3
<1.7=0, =>1.7=1

<(300.0=0, =300.0=1

<(65.0=1, 65.0—85.0=2, =>85.0=3
<C20.0=1, 20.0—40.0=2, =>40.0=3
<(40.0=1, 40.0-55.0=2, >55.0 =3
<2.3=1, 2.3-20.4=2, =>20.4=3
<15.0=1, 15.0—40.0=2, =>40.0=3
<6.5=1, 6.5-7.5=2, =>7.5=3
<5.3=1, 5.3-9.5=2, =>9.5=3
Negative=0, Positive=1
Negative=0, Positive=1

No=0, Combined=1

TC: Total cholesterol; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein cholesterol; TG: Triglyceride; TP:

Total bilirubiny TBil: Total bilirubin; AST: Aspartate aminotransferase; HbA1c: Aspartate aminotransferase.
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Tab 2 Comparison of baseline indicators between the two groups before and after matching

Man 422 (59.02) 94 (41.05) <0.001 185 (47.56) 93 (42.08) 0.192
Age (y) 67.00 (60.00, 74.00) 65.00 (59.00,71.00) 0.006  66.00 (60.00, 72.00) 66.00 (60.00, 71.00) 0.933
Disease duration of T2DM (y) 8.34 (5.00, 11.00) 7.00 (4.00,10.00) 0.001 8.00 (5.00, 11.00) 7.00 (4.00, 10.00) 0.014
Heart rate (beats/min) 79.00 (70.00, 90.00) 76.00 (68.00, 86.00) 0.003  80.00 (70.00, 92.00) 75.00 (68.00, 85.00) <<0.001

Systolic blood pressure (mmHg)  136.00 (120.00, 152.00) 141.00 (127.50, 151.00) 0.138  137.00 (122.00, 151.00)  138.00 (126.00, 150.00) 0.320

Diastolic blood pressure (mmHg)  78.00 (69.00, 87.00) 80.00 (70.00, 98.50) 0.328  79.00 (70.00, 87.00) 79.00 (72.00, 88.00) 0.401
Smoke 302 (42.24) 54 (23.58) <20.001 140 (35.99) 53 (23.98) 0.002
Drink 222 (31.05) 55 (24.02) 0.042 101 (25.96) 54 (24.43) 0.677
Family history of diabetes 63 (8.81) 29 (12.66) 0.087 38 (9.77) 29 (13.12) 0.203
Fa;?i};:éswry of coronary heart 24 (3.36) 14 (6.11) 0.065 14 (3.60) 12 (5.43) 0.056
High blood pressure 501 (70.07) 156 (69.43) 0.577 270 (69.41) 152 (68.78) 0.871
Hyperlipidemia 166 (23.22) 52 (22.71) 0.874 96 (24.68) 48 (21.72) 0.408
Heart block 33 (4.62) 10 (4.37) 0.875 16 (4.11) 10 (4.52) 0.809
Atrial fibrillation 29 (4.06) 12 (5.24) 0.444 13 (3.34) 12 (5.43) 0.211
Carotid atherosclerosis 161 (22.52) 61 (26.64) 0.201 83 (21.34) 59 (26.7) 0.132
Arteriosclerosis of the lower

extremities 33 (4.62) 9(3.93) 0.662 19 (4.88) 9 (4.07) 0.645
Diabetic nephropathy 63 (8.81) 8 (3.49) 0.008 36 (9.25) 8 (3.62) 0.010

The measurement data in the table is represented by M (P, P,;), and the counting data is represented by n( %4).
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A: T2DM group before matching; B: T2DM group after matching; C: T2DM-CAD group before matching; D: T2DM-CAD group after

matching.
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Fig1 Distribution of patient propensity scores screened and excluded according to PSM
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Tab 3  Univariate analysis of related indexes in T2DM group and T2DM-CAD group

Baseline indicators

Disease duration of T2DM (y)

Heart rate (beats/min)

Smoke

Diabetic nephropathy
Inspection indicators

Positive urine protein

Positive urine glucose

Fibrinogen (g/L)

Serum creatinine (pmol/L)

TC (mmol/L)

TG (mmol/L)

LDL-C (mmol/L)

HDL-C (mmol/L)

Lipoprotein a(mg/1.)

TP (g/L)

Albumin (g/L)

Globulin (g/1.)

TBil (pmol/L)

GGT (U/L)

ALT(U/L)

AST (U/L)

HbA1c (%)

Glucose (mmol/L)

8.00 (5.00, 11.00)
80.00 (70.00, 92.00)
140 (35.99)
36 (9.25)

75 (19.28)
171 (43.96)

3.42 (2.79, 4.17)
70.70 (58.00, 88.05)
4.49 (3.77, 5.12)
1.66 (1.20, 2.29)
2.48 (1.95, 3.03)
1.09 (0.92, 1.31)
214.00 (97.90, 330.95)

68.34 % 6.78
39.75 (37.00, 42.70)
28.20 (25.71, 30.03)
9.90 (7.00, 13.75)
29.10 (20.00, 51.00)
24.00 (15.00, 34.72)
24.20 (18.00, 48.24)
7.90 (6.90, 9.10)
9.66 (7.28, 12.95)

BSC(P<C0.05) , 75 2 Mt e I A0 25 TN e 2 il 22 7
Gt (R 3).

7.00 (4.00, 10.00) —2.466 0.014
75.00 (68.00, 85.00) -3.726 <20.001
53 (23.98) 9.395 0.002

8 (3.62) 6.685 0.010

28 (12.67) 4.388 0.036
46 (20.81) 32.939 <0.001
3.13 (2.70, 3.62) —3.744 <<0.001
61.40 (52.00, 73.97) —6.004 <0.001
4.21 (3.56, 4.79) —3.030 0.002
1.46 (1.06, 1.87) —3.806 <<0.001
2.24 (1.79, 2.79) —3.374 0.001
1.15 (1.00, 1.33) —2.656 0.008
138.40 (68.10, 195.90) —6.557 <0.001
70.76 £ 5.97 —4.428 <20.001
41.90 (39.30, 44.10) -5.523 <20.001
29.00 (27.00, 30.48) -3.333 0.001
10.50 (8.35, 13.60) -2.203 0.028
28.00 (19.00, 41.09) -1.392 0.164
23.00 (15.35, 31.00) -0.805 0.421
21.60 (17.00, 26.00) —-4.813 <0.001
7.05 (6.41, 7.60) ~7.572 <<0.001
7.74 (6.28, 10.70) —-5.203 <0.001

TC: Total cholesterol; TG : Triglyceride; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein cholesterol; TP: Total

bilirubin; GGT: glutamyl transpeptidase; TBil: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HbAlc:

Aspartate aminotransferase. The measurement data subject to normal distribution are represented by F=s. The measurement data not subject to

normal distribution are represented by M (P55, P;5). The enumeration data are represented by n( % ).
Logistic Bl A #T & R WL R4 A = X

A9 20 8 45 BT 32 2 W) /T Logistic [8] 3 4347, Horp
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Tab 4 Logistic regression analysis results of difference index of type 2 diabetes mellitus complicated with coronary heart disease

Heart rate 0.388 0.120
Smoke 0.553 0.220
Diabetic nephropathy 0.869 0.442
Serum creatinine 1.164 0.467
TG 0.405 0.201
Lipoprotein a 1.393 0.277
Albumin —0.473 0.201
TBil -1.101 0.362
AST 0.920 0.206
HbAlc 0.366 0.135
Urine glucose 0.599 0.236

10.499 0.001 1.47 (1.17, 1.86)
6.286 0.012 1.74 (1.13, 2.68)
3.863 0.049 2.38 (1.00, 5.67)
6.215 0.013 3.20 (1.28, 8.00)
4.049 0.044 1.50 (1.01, 2.22)
25.378 <0.001 4.03 (2.34, 6.93)
5.568 0.018 0.62 (0.42, 0.92)
9.219 0.002 0.33 (0.16, 0.68)
19.993 <<0.001 2.51 (1.68, 3.75)
7.335 0.007 1.44 (1.11, 1.88)
6.416 0.011 1.82 (1.15, 2.89)

TG: Triglyceride; TBil: Total bilirubiny AST: Aspartate aminotransferase; HbA1c: Aspartate aminotransferase.

RS SHEESMKL

Tab 5 Parameter selection and optimization

SVM Gamma 0-1 0.076
C 0—20 9.83
RF n_estimators 0-500 69
min_samples_split 1-11 10
max _features 1-11 2
XGB n_estimators 0—-500 392
subsample 0.5—1 1
max_depth =1l 10
learning _rate 0-1 0.3
min_chid_weight 1—11 10

LR: Logistic regression; SVM: Support Vector Machine; RF
Random Forest; XGB:eXtreme Gradient Boosting.
Fo6 ATHHLERF SR 547X LWIE M REIT M0 R
Tab 6 Performance evaluation table of 4 machine learning

models by 5-fold cross-validation

LR 0.680 0.707 0.692 0.697  0.763
RF 0.721 0.805 0.648 0.711  0.811
SVM 0.714 0.807 0.619 0.699  0.789
XGB 0.682 0.699 0.724 0.709  0.751

Refer to Tab 5.

AT 5 9 6 B4 2 BB RO 5 O e 0 Y 11
TG R R 2, LA O 3 WA W PR i I LT
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Tab 7 Performance evaluation table of four machine learning

models in validation set

LR 47 32 16 27 0.686 0.707
RE 50 39 9 24 0.752  0.810
SVM 49 33 15 25 0.710 0.702
XGB 48 32 16 26 0.696 0.729

Refer to Tab 5.
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The thinner solid lines in the figure are the ROC curves verified for five times respectively, the solid blue line in the figure is the average ROC

curve of 5-fold cross-validation. LR : Logistic regression; SVM: Support Vector Machine; RF :Random Forest; XGB:eXtreme Gradient Boosting.
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