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Abstract Cardiovascular diseases is one of the leading causes of death in the world. The objectives of this
study were to build various models using sociodemographic variables based on three variable selection methods
and seven machine learning algorithms for the identification of hypertension and dyslipidemia and to evaluate
predictive powers of the models. In experiments based on full variables and correlation-based feature subset
selection methods, our results showed that performance of models using naive Bayes was better than those of
models using other machine learning algorithms in both two diseases. In wrapper-based feature subset selection
method, performance of models using logistic regression was higher than those of models using other
algorithms. Our finding may provide basic data for public health and machine learning fields.
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Table 1. The results of statistical analysis for samples and variables used in hypertension model
Variable Category Normal Hypertension p-value
Number or mean | % or SD Number or mean | % or SD
Subjects 2213 728
Sex Men 898 30.5% 351 11.9% <0.001
Women 1315 44.7% 377 12.8%
Income 1st quadrant 508 17.3% 189 6.4% 0.077
2nd quadrant 561 19.1% 186 6.3%
3rd quadrant 558 19.0% 193 6.6%
4th quadrant 586 19.9% 160 5.4%
Education Elementary or below | 239 81% 209 71% <0.001
Middle school 243 8.3% 123 4.2%
High school 850 28.9% 206 8.7%
College or above 831 30.0% 141 4.8%
Occupation Expert 370 12.6% 74 2.5% <0.001
Office worker 263 8.9% 45 1.5%
Service 379 12.9% 114 3.9%
Farmer or fisher 81 2.8% 55 1.9%
Blue—collar worker 297 10.1% 104 3.5%
Elementary 198 6.7% 74 2.5%
Unemployed 625 21.3% 262 8.9%
Marriage Married 2119 72.1% 701 23.8% 0.525
Single A 3.2% 27 9%
Drinking No 984 33.5% 323 11.0% 0.964
Yes 1229 41.8% 405 13.8%
Stress Low 1673 56.9% 559 19.0% 0.516
High 540 18.4% 169 5.7%
Smoking No 1789 60.8% 530 19.7% 0.489
Yes 424 14.4% 148 5.0%
Activity No 1300 44.2% 474 16.1% 0.002
Yes 913 31.0% 254 8.6%
Handedness Right 1976 67.2% 640 21.8% 0.589
Left 4 2.9% 31 1.1%
Both 153 5.2% 57 1.9%
Age 52.98 8432 59.45 7617 <0.001
Family number 3.065 1.198 2.604 1.161 <0.001
SDWD 4150 71.63 4156 75.64 0.841
SDWE 4515 82.23 4379 86.17 <0.001
Depressive score 2.065 3.278 2.140 3.340 0.594
Pulse 1750 2.207 1767 2.250 0.068
SBP 1166 1582 1276 15.37 <0.001
DBP 77.08 10.08 7957 9.69% <0.001
Height 163.0 8.338 1625 8.889 0.150
Weight 63.22 11.10 67.42 11.29 <0.001
WC 81.46 9.101 87.32 8.823 <0.001
WHtR 0.500 0.052 0.538 0.04 <0.001
BMI 2370 3.141 2547 3.29% <0.001
Right grip strength 26.83 9.520 2692 9.735 0.908
Left grip strength 26.00 9.159 2617 9,515 0.667

(SD: standard deviation, WHtR: waist-to-height ratio, BMI: body

mass index, WC: waist circumference, DBP: diastolic blood

pressure, SBP: systolic blood pressure, SDWD: sleep duration during weekday, SDWE: sleep duration during weekend)
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Table 2. The results of statistical analysis for samples and variables used in dyslipidemia model
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Variable Category Normal Dyslipidemia p-value
Number or mean | % or SD Number or mean | % or SD
Subjects 2259 632
Sex Men 969 32.9% 280 9.5% 0.394
‘Women 1290 43.9% 402 13.7%
Income 1st quadrant 540 18.4% 157 5.3% 0.684
2nd quadrant 568 19.3% 179 6.1%
3rd quadrant 569 19.3% 182 6.2%
4th quadrant 582 19.8% 164 5.6%
Education Elementary or below | 281 9.6% 167 5.7% <0.001
Middle school 252 86% 114 3.9%
High school 869 29.5% 236 8.0%
College or above 857 29.1% 165 5.6%
Occupation Expert 371 12.6% 73 2.5% <0.001
Office worker 258 8.8% 50 1.7%
Service 377 12.8% 116 3.9%
Farmer or fisher 101 3.4% 3H 1.2%
Blue-collar worker 318 10.8% 83 2.8%
Elementary 191 6.5% 81 2.8%
Unemployed 643 21.9% 244 8.3%
Marriage Married 2156 73.3% 664 22.6% 0.027
Single 103 35% 18 6%
Drinking No 958 32.6% 349 11.9% <0.001
Yes 1301 44.2% 333 11.3%
Stress Low 1736 59.0% 496 16.9% 0.027
High 523 17.8% 186 6.3%
Smoking No 1809 61.5% 560 19.0% 0.240
Yes 450 15.3% 122 4.1%
Activity No 1362 46.3% 412 14.0% 0.956
Yes 897 30.5% 270 9.2%
Handedness Right 2005 68.2% 611 20.8% 0.471
Left 86 2.9% 29 1.0%
Both 168 57% 42 1.4%
Age 53.34 8648 53.69 7.520 <0.001
Family number 3.017 1.202 2.752 1.178 <0.001
SDWD 415.0 72.02 4157 74.66 0.838
SDWE 450.0 82.82 442.0 &.11 0.028
Depressive score 1.978 3.181 2433 3.621 0.003
Pulse 1750 2.274 1768 2.019 0.060
SBP 1185 16.62 122.0 1541 <0.001
DBP 7171 10.29 77.64 9.204 0.858
Height 163.3 8419 161.6 8559 <0.001
Weight 63.79 11.26 65.84 11.26 <0.001
WC 81.96 9.367 86.06 8715 <0.001
WHtR 0.502 0.04 0.533 0.052 <0.001
BMI 23.84 3.214 25.13 3.262 <0.001
Right grip strength 27.08 9.532 26.25 9.6% 0.046
Left grip strength 26.25 9.19 25.36 9.377 0.027

(SD: standard deviation, WHtR: waist-to-height ratio, BMI: body mass index, WC: waist circumference, DBP: diastolic blood
pressure, SBP: systolic blood pressure, SDWD: sleep duration during weekday, SDWE: sleep duration during weekend)
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Table 3. Results of performance evaluation of identification
models of hypertension
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l Algo. Class Sens. 1-sp. MCC AUC
Variable subset selection method NB Normal 0.801 0.435
0348 |0.771
T B 8 (ulvariables) | [ Comeltonbased featwe [ Wiapperbased featue subset Hyper. 0565  ]0.199
LR Normal 0918 [0.718
0255 0776
} Hyper. 0.282 0.082
Machine learning algorithms SVM Normal 0.973 0.915
uj r ule- ree- ulti- - - 12 .—2
nave || togistc || SR | | enemest || oy |G (| er Hyper. 0085 foozr | M1 |00
Boves (O |y || S| ||| || || ey LS Normal 0.78 0.661 0119 o562
I Hyper. 0.339 0.22 ’ ’
Evaluation criteria PART 0 0.791 0.603
) 0.186  [0.607
The area under the receiver operat(lr\nﬁgc é?ag:;tse“r:j‘t; iu;\; c(?f:.cﬁ))/ Matthews's correlation coefficient Hyper. 0.397 0.209
- o 748 Normal 0.84 0.641 _
J% 2. Algaralsh o mol WA 9 gILE ffsh AE C|Xfel Hyper 0359 1016 0210 10589
Figure 2. Experiment design to build and evaluate identification MLP Normal 0824 0539
models of cardiovascular diseases Hyper. 0411 {0176 024010704
NB Normal 0835  [0.495
_ Hyper. 0.505 0.165 0-339 0.781
", Ald o At LR Normal 0928|0721 | " [~
Hyper. 0.273 0.072 ’ ’
~ . SVM Normal 1 1 B 0500
1. & /\E]_Gdoﬂ A}%% ]ﬂ‘l"'q %ﬁ]%@] 753"]’ Hyper. 0 0 ~
¥ 13 2+ B Ago] Ag¥ BE WHEESd sk cps |[BNN_ |Normal 0789 0609 |, 170 | 5g7
Hyper. 0.391 0.211
FAA o 24 A3E yepdoh 289 Sty PART |Normal (0825 (0742 | ©.. 7 | =
Hyper. 0.258  10.075 o o
AT B Ao & V4o
SR ARIN ]’ ]-4 crude = ] 1 25 ]’ ] Ta ? Sex, 748 Normal 0941 0795 021 .
education, occupation, activity, age, family number, Hyper. 0.205  |0.059 ) ]
MLP Normal 0.894 0.674
SDWE, SBP, DBP, weight, WC, WHiR, BMI ®<7} + Hyper. 0326 10106 0258 10.76
Tk AR FreAdel SR (p = <0.09). NB Normal 0924|0716 |0 |00
ol AR AE =] crude ¥4l 4+= education, occupation, Hyper. 0284 |0.076
. .. . LR Normal 0939  |0.742
0271 0757
marriage, drinking, stress, age, family number, Hyper. 0558 0061
SDWE, depressive score, SBP, height, weight, WC, SVM  |Normal - - ~ B
. . . Hyper. - -
WHtR, BMI, right grip strength, left grip strength ¥ Wra [KNN | Normal 0973 10923
pper — 0.129 0653
7 aggels BAH delg vehilth ¢ - __[Fer 0077|0022
orma B .
0.258  10.720
<0.05). Hyper. 0235 0056 ”
748 Normal 095 0.809 .
Hyper. 0.191 0.05 0219 0674
2. AE 2de) gigk dsHrt A¥t MLP [Normal [0822 [0729 | -~ | o
- - Hyper. 0271 [0.078 ’ ’
3 3% 4 Yo AREE 37HA] W MEd et 7 b _ _
. o ; o - Algo.: algorithms, AUC: the area under the receiver operating
7HA] MAlE S o] 83t AdE RhEd g A characteristic curve, MCC: Matthews's correlation coefficient,
H7} A3E Ve Sens.: sensitivity, 1-sp.: 1-specificity, Hyper.: hypertension,
_ _ 7| “-"& wrapper 7|8 B MBI S X ESIAS Alol
3ol ul mdlolA] AR W= = o Sk
2R e 2o, WA WE RS I8 B g o) g 3g slojspin, ASHEA HeOl o2

d ZoA F HIRE (MCCE AUC)o A= NBe} ot Aol E715H A2 2ol

LR Zdo] thg TAEHT} 53191, AFAATAE

(sensitivity®} 1-specificity)o] 4+ NB7} LREt tha oA AES sl oA AA HE (ful)E o]
= Rdsrn 53

°3t Aoz yehdth CFS 7| RdSoAx NB &% 29 5 NB o] & &

o} LRe] 714 $5stgd o, ARASolAdE NB7F LR Bes HERHIEE CFS 7]RE 5o A= NBS LR
R} $-52811 Tk Wrapper 79 BRlE-E LR 29 °] 7H8 Fskalan, Aeel = NB7F LRy o
o] T2 RE muEsutTh $53 %S YERITE 2 FEFtE Wrapper 719 REEo] A= LRE 2 o]



A study of methodology for identification models of cardiovascular diseases based on data mining

I 4 O|MX|AEZ B 2@ M3 "I 21
Table 4. Results of performance evaluation of identification
models of dyslipidemia
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