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Risk prediction models of essential hypertension complicated with cerebral infarction based on machine
learning algorithm
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[ Abstract | Objective To construct a risk prediction model of essential hypertension complicated with cerebral
infarction based on machine learning algorithm, and explore the risk factors. Methods The data of 42 clinical indexes of
1 478 patients with essential hypertension complicated with cerebral infarction and 2 826 patients with essential hypertension
without cerebral infarction in 7 hospitals of Chongqing from Jan. 1, 2015 to Dec. 31, 2019 were collected. Univariate analysis
was used to screen the input indexes. The 4 304 patients were randomly divided into training set (#=3 012) and test set
(n=1 292) with a ratio of 7 : 3. The data of the training set was used to construct logistic regression, decision tree, random
forest and XGBoost models, and the data of the test set was used for internal verification. The relative importance scores
of each input index in the 4 models were calculated. The positive predictive value, negative predictive value, accuracy,

F1 value, area under curve (AUC) value of receiver operating characteristic (ROC) curve and Delong test were used to
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evaluate the predictive diagnostic value of the 4 models for essential hypertension complicated with cerebral infarction.
Results A total of 29 statistically significant indexes were selected by univariate analysis. The AUC values of essential
hypertension complicated with cerebral infarction predicted by logistic regression, decision tree, random forest and XGBoost
models were higher. The results of Delong test showed that the prediction performance of random forest and XGBoost models
was better than that of logistic regression and decision tree models. The negative predictive value, accuracy, F1 value and
AUC value of XGBoost model were the highest, being 0.780 (95% confidence interval [ CI] 0.778-0.782), 0.766 (95% CI
0.764-0.768), 0.603 (95% CI 0.599-0.607) and 0.808 (95% CI 0.804-0.811), respectively. The results of relative importance
scores showed that logistic regression, decision tree, random forest and XGBoost models all suggested that hematocrit,
albumin, age, white blood cell count, choline esterase and apolipoprotein A1 were important influencing factors of essential
hypertension complicated with cerebral infarction. Conclusion The risk prediction models of essential hypertension
complicated with cerebral infarction based on machine learning, such as logistic regression, decision tree, random forest and
XGBoost models, have high diagnostic value, among which XGBoost model has the best comprehensive diagnostic efficiency.

Hematocrit, albumin, age, white blood cell count, choline esterase and apolipoprotein A1 can be used to predict the risk of

cerebral infarction in patients with essential hypertension.
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Tab 1 Univariate analysis of baseline data of study and control groups

Index Control group N=2 826 Study group N=1 478 Statistic P value
General information
Agelyear, M (O,, Op) 64.00 (54.00, 73.00) 70.50 (62.00, 78.00) Z=—14.246 <0.001
Male, n (%) 1 147 (40.6) 759 (51.4) 1 =45.587 <0.001
Hypertension duration/year, M (Q,, Q) 7.00 (2.00, 10.00) 9.08 (3.00, 10.00) Z=—1.391 0.164
Diabetes mellitus, n (%) 661 (23.4) 466 (31.5) 1 =33.261 <0.001
Atherosclerosis, 7 (%) 1427 (50.5) 994 (67.3) 2 =110.739 <0.001
Smoking, n (%) 693 (24.5) 450 (30.4) L =17.463 <0.001
Drinking, 7 (%) 596 (21.1) 375(25.4) 7 =10.186 0.001
Blood routine, M (Q,, Oy)
White blood cell/(L ™', X 10%) 6.30 (5.20, 7.48) 6.86 (5.68, 8.39) Z=-—9.731 <0.001
Mean corpusular volume/fL 90.00 (87.40, 93.00) 89.80 (87.10, 93.00) Z=—0.595 0.552
RDW-CV/% 13.30 (12.80, 13.90) 13.50 (12.90, 14.00) Z=—5.118 <0.001
RDW-SD/fL 43.60 (41.90, 44.40) 43.60 (41.90, 44.90) Z=—1472 0.141
Hematocrit/% 37.85(21.55, 41.60) 26.41 (0.40, 39.50) Z=—14.295 <0.001
MCH/pg 30.30 (29.40, 31.30) 30.20 (29.28, 31.30) Z=—0.086 0.932
MCHC/(g*L™") 335.34 (329.00, 342.00) 335.34 (328.00, 342.00) Z=—0.222 0.824
Platelet-large cell rate/% 34.85 (30.00, 40.50) 34.85(28.90, 39.71) Z=—2.865 0.004
Platelet/(L ™", X 10°%) 194.56 (158.00, 228.00) 191.00 (153.00, 222.00) Z=—2.140 0.032
Platelet hematocrit/% 0.22 (0.19, 0.25) 0.22 (0.18, 0.25) Z=—2.710 0.007
PDW/% 14.32 (12.50, 16.00) 14.32 (12.20, 15.70) Z=—2.506 0.012
Mean platelet volume/fL 11.18 (10.60, 12.00) 11.18 (10.50, 11.90) Z=—1.818 0.069
Coagulation function, M (Q,, Q)
APTT/s 33.53 (31.30, 36.50) 33.75 (30.90, 36.80) Z=—1.362 0.173
Fibrinogen concentration/(g*L ") 3.31(2.83, 3.52) 3.30 (2.85, 3.66) Z=—1425 0.154
Urine routine, 7 (%)
Urinary bilirubin positive 9(0.3) 10 (0.7) 1 =2.832 0.092
Blood biochemistry, M (O;, Op)
Prealbumin/(mgeL ") 247.15 (221.00, 285.00) 242.00 (206.00, 269.00) Z=—8.125 <0.001
Albumin/(g*L ") 42.40 (39.90, 44.90) 40.89 (38.10, 43.20) Z=—12.460 <0.001
Total cholesterol/(mmol-L ") 4.67 (4.05,5.27) 4.61 (3.86, 5.20) Z=—4.034 <<0.001
Total bilirubin/(umol=L ") 11.50 (8.80, 14.27) 11.40 (8.90, 14.30) Z=—0.208 0.836
Triglyceride/(mmol<L ") 1.48 (1.06, 2.01) 1.44 (1.01, 1.90) Z=-—2261 0.024
Alkaline phosphatase/(U-L ") 79.00 (66.00, 89.38) 80.06 (66.00, 93.00) Z=—2.052 0.040
Creatinine/(umol*L ") 69.70 (57.27, 83.57) 70.80 (58.87, 84.20) Z=—1.637 0.102
Choline esterase/(UsL ") 8063.17 (7 410.13, 9 030.00) 8 063.17 (6 646.68, 8 742.50) Z=—7.262 <0.001
Apolipoprotein A1/(g=L ") 1.55(1.42, 1.71) 1.55 (1.31, 1.66) Z=—6.987 <0.001
Apolipoprotein B/(geL™") 0.98 (0.84, 1.09) 0.98 (0.80, 1.10) Z=—2341 0.019
Chloride ion/(mmol*L™") 104.00 (102.10, 106.50) 103.84 (101.30, 105.91) Z=—5242 <0.001
Sodium ion/(mmol-L™") 141.90 (140.30, 143.90) 141.63 (139.60, 143.10) Z=—6.826 <0.001
Potassium ion/(mmol*L™") 3.92 (3.69,4.17) 3.90 (3.60, 4.12) Z=—4.733 <<0.001
Magnesium ion/(mmol-L ") 0.87 (0.82, 0.90) 0.87 (0.81,0.91) Z=—1.246 0.213
Alanine aminotransferase/(UsL™") 19.96 (14.00, 27.24) 18.00 (12.61, 23.98) Z=-—6.932 <0.001
Aspartate aminotransferase/(U<L ") 21.00 (17.88, 25.80) 21.00 (17.00, 25.00) Z=—2.807 0.005
Direct bilirubin/(umol<L ") 3.93 (3.00, 4.90) 4.10 (3.10, 5.20) Z=—2977 0.003
Indirect bilirubin/(pumol=L ") 7.60 (5.60, 9.60) 7.40 (5.50, 9.30) Z=—1.528 0.126
HDL-C/(mmol*L ") 1.22 (1.03, 1.41) 1.17 (0.97, 1.35) Z=—5.141 <0.001
LDL-C/(mmol-L ™" 2.67 (2.15,3.17) 2.66 (2.07,3.11) Z=—2.100 0.036

Control group: The essential hypertension patients without cerebral infarction; Study group: The essential hypertension patients
with cerebral infarction. RDW-CV: Coefficient of variation of red cell volume distribution width; RDW-SD: Standard deviation of red
cell volume distribution width; MCH: Mean corpuscular hemoglobin content; MCHC: Mean corpuscular hemoglobin concentration;
PDW: Platelet distribution width; APTT: Activated partial thromboplastin time; HDL-C: High density lipoprotein-cholesterol; LDL-C:
Low density lipoprotein-cholesterol; M (Q,, Op): Median (lower quartile, upper quartile).
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Tab 2 Logistic regression analysis of influencing factors of essential hypertension complicated with cerebral infarction

Index b SE OR (95% CI) P value
Age 0.032 0.003 1.033 (1.026, 1.039) <0.001
White blood cell 0.126 0.016 1.135 (1.101, 1.170) <0.001
Hematocrit —0.033 0.002 0.967 (0.963, 0.971) <<0.001
Albumin —0.077 0.011 0.926 (0.907, 0.946) <<0.001
Choline esterase 0.000 0.000 1.000 (1.000, 1.000) 0.012
Chloride ion —0.042 0.009 0.959 (0.942, 0.977) <0.001
Potassium ion —0.383 0.083 0.682 (0.579, 0.803) <0.001
ALT —0.007 0.002 0.993 (0.989, 0.997) 0.001
HDL-C —0.257 0.118 0.774 (0.614, 0.975) 0.030
Diabetes mellitus 0.190 0.081 1.209 (1.031, 1.418) 0.019
Atherosclerosis 0.395 0.074 1.485 (1.284,1.717) <0.001
Gender (male) 0.540 0.076 1.716 (1.480, 1.990) <0.001

ALT: Alanine aminotransferase; HDL-C: High density lipoprotein-cholesterol; b: Regression coefficient; SE: Standard

OR: Odds ratio; CI: Confidence interval.
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Tab 3 Predictive performance of each model for essential hypertension complicated with cerebral infarction in test set

x (95% CI)
Model PPV Accuracy F1 value AUC
Logistic 0.655 (0.646, 0.665)  0.746 (0.744,0.749)  0.726 (0.722,0.729)  0.517 (0.511,0.524)  0.755 (0.750, 0.760)

Decision tree  0.668 (0.649, 0.686)

Random forest 0.792 (0.783, 0.801)

XGBoost 0.724 (0.716, 0.732)

0.730 (0.726, 0.734)
0.741 (0.738, 0.743)
0.780 (0.778, 0.782)

0.717 (0.713, 0.722)
0.749 (0.746, 0.751)
0.766 (0.764, 0.768)

0.466 (0.451, 0.481)
0.499 (0.491, 0.506)
0.603 (0.599, 0.607)

0.708 (0.698, 0.717)
0.796 (0.792, 0.800)
0.808 (0.804, 0.811)

PPV: Positive predictive rate; NPV: Negative predictive rate; AUC: Area under curve; CI: Confidence interval.
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Tab 4 Ranking of relative importance of features of 4 machine learning models
Rank Logistic regression Decision tree Random forest XGBoost
Indicator RI Indicator RI Indicator RI Indicator RI
1 Hematocrit —0.559 Hematocrit 0.242 Hematocrit 0.121 Hematocrit 0.071
2 Age 0.437 Albumin 0.125 Age 0.084 Choline esterase 0.062
3 White blood cell 0.350 White blood cell 0.104 White blood cell 0.074 Age 0.057
4 Albumin —0.273  Chloride ion 0.103  Albumin 0.060 Albumin 0.049
5 ALT —0.240 Apolipoprotein Al 0.101 Choline esterase 0.053 Atherosclerosis 0.048
6  Platelet count —0.228 Age 0.072  Apolipoprotein A1l 0.046 White blood cell 0.046
7  Male 0.212 HDL-C 0.050 Chloride ion 0.036 Apolipoprotein Al 0.044
8§ P-LCR —0.201 Atherosclerosis 0.042 HDL-C 0.035 Apolipoprotein B 0.038
9  Platelet hematocrit 0.192 ALT 0.035 Sodium ion 0.346 Male 0.036
10 Atherosclerosis 0.169 Alkaline phosphatase  0.032 Prealbumin 0.034 Potassium ion 0.033
11 Potassium ion —0.141 PDW 0.030 Potassium ion 0.033 Chloride ion 0.032
12 Choline esterase 0.126 Prealbumin 0.017 Alkaline phosphatase 0.030 Diabetes mellitus 0.030
13 Chloride ion —0.121 Platelet hematocrit 0.016 ALT 0.030 Drinking 0.030
14 PDW 0.095 Sodium ion 0.016 Total cholesterol 0.029 Prealbumin 0.029
15 HDL-C —0.081 LDL-C 0.008 Apolipoprotein B 0.029 Sodium ion 0.029
16  Diabetes mellitus 0.059 Triglyceride 0.006 Platelet count 0.028 PDW 0.029
17  Alkaline phosphatase 0.050 Smoking 0.000 P-LCR 0.028 Smoking 0.028
18  Smoking 0.048 Apolipoprotein B 0.000 LDL-C 0.028 ALT 0.028
19 Prealbumin —0.046 RDW-CV 0.000 Direct bilirubin 0.027 HDL-C 0.028
20 Sodium ion —0.024 Platelet count 0.000 RDW-CV 0.026 P-LCR 0.027
21 Apolipoprotein Al —0.023 Potassium ion 0.000 Triglyceride 0.026 LDL-C 0.026
22 LDL-C 0.017 AST 0.000 AST 0.025 RDW-CV 0.026
23 Direct bilirubin —0.013  Direct bilirubin 0.000 PDW 0.024 Total cholesterol 0.026
24 Apolipoprotein B —0.011 Total cholesterol 0.000 Atherosclerosis 0.020 Platelet count 0.025
25  Drinking 0.011 Diabetes mellitus 0.000 Platelet hematocrit 0.019 AST 0.025
26  Triglyceride —0.006 P-LCR 0.000 Male 0.009 Alkaline phosphatase 0.025
27 AST 0.000 Male 0.000 Smoking 0.005 Platelet hematocrit ~ 0.025
28  Total cholesterol 0.000 Choline esterase 0.000 Diabetes mellitus 0.004 Triglyceride 0.025
29 RDW-CV 0.000 Drinking 0.000 Drinking 0.003 Direct bilirubin 0.023

RI: Relative importance; ALT: Alanine aminotransferase; P-LCR: Platelet-large cell rate; PDW: Platelet distribution width;
HDL-C: High density lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol; AST: Aspartate aminotransferase;
RDW-CV: Coefficient of variation of red cell volume distribution width.
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