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Objective: The purpose of this study is to identify factors that affect the incidence of hypertension using logistic regression and
decision tree analysis, and to build and compare predictive models.

Design: Secondary data analysis study

Methods: We analyzed 9,859 subjects from the Korean health panel annual 2019 data provided by the Korea Institute for Health
and Social Affairs and National Health Insurance Service. Frequency analysis, chi-square test, binary logistic regression, and
decision tree analysis were performed on the data.

Results: In logistic regression analysis, those who were 60 years of age or older (Odds ratio, OR =68.801, p<0.001), those who
were divorced/widowhood/separated (OR=1.377, p<0.001), those who graduated from middle school or younger (OR=1,
reference), those who did not walk at all (OR = 1, reference), those who were obese (OR=5.109, p<0.001), and those who had
poor subjective health status (OR=2.163, p<0.001) were more likely to develop hypertension. In the decision tree, those over 60
years of age, overweight or obese, and those who graduated from middle school or younger had the highest probability of
developing hypertension at 83.3%. Logistic regression analysis showed a specificity of 85.3% and sensitivity of 47.9%; while
decision tree analysis showed a specificity of 81.9% and sensitivity of 52.9%. In classification accuracy, logistic regression and
decision tree analysis showed 73.6% and 72.6% prediction, respectively.

Conclusions: Both logistic regression and decision tree analysis were adequate to explain the predictive model. It is thought that
both analysis methods can be used as useful data for constructing a predictive model for hypertension.
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Table 1. General characteristics of subjects (n=9,859)

Variable Categories Total Yes No z2 (Pvalue)

N(%o) N(%) N(%)

Hypertension 9,859(100) 3,086(31.3) 6,773(68.7)

Sex Male 4,600(46.7) 1,427(31.0) 3,173(69.0) 0.314
Female 5,259(53.3) 1,659(31.5) 3,600(68.5) (0.576)

Age <39 years old 1,158(11.7) 9(0.8) 1,149(99.2) 1861714
40~59 3,052(31.0) 337(11.0) 2,715(89.0) (P<6.00I)
>60 years old 5,649(57.3) 2,740(48.5) 2,909(51.5)

Marital status Married 7,111(72.1) 2,217(31.2) 4,894(68.8) o
Single 1,104(11.2) 59(5.3) 1,045(94.7) fsi?)l(fm)
Divorce/Widowhood/Separation 1,644(16.7) 810(49.3) 834(50.7)

Level of education <Middle School 3,602(36.5) 1,854(51.5) 1,748(48.5) o
High school 3,001(30.4) 826(27.5) 2,175(72.5) (113180307;1)
>College 3,256(33.0) 406(12.5) 2,850(87.5)

Gross household <2,000 2,545(25.8) 797(31.3) 1,748(68,7)

income 2,000~5,000 3,685(37.4) 1,190(32.3) 2,495(67.7) ?041350)
>5,000 3,629(36.8) 1,099(30.3) 2,530(69.7)

Regular exercise  Yes 5,113(51.9) 1,668(32.6) 3,445(67.4) 8.624™
No 4,746(48.1) 1,418(29.9) 3,328(70.1) (0.003)

Number of walking Not walking 1,695(17.2) 658(38.8) 1,037(61.2)

days/week 3 days 2,223(22.5) 634(28.5) 1,589(71.5) 56.334™
4~6 days 2,720(27.6) 810(29.8) 1,910(70.2) (P<0.001)
Every day 3,221(32.7) 984(30.5) 2,237(69.5)

Body mass index ~ Underweight 4,091(41.5) 1,041(25.4) 3,050(74.6)

Normal weight 4,734(48.0) 1,664(35.1) 3,070(64.9) 125.610"
Overweight 629(6.4) 258(41.0) 371(59.0) (P<0.001)
Obesity 405(4.1) 123(30.4) 282(69.6)

Subjective health ~ Good 3,605(36.6) 830(23.0) 2,775(77.0)

status Moderate 4,488(45.5) 1,359(30.3) 3,129(69.7) 4139<'(())50601
Poor 1,766(17.9) 897(50.8) 869(49.2) ( oD

Smoking Yes 6,233(63.2) 1,929(30.9) 4,304(69.1) 0.983
No 3,626(36.8) 1,157(31.9) 2,469(68.1) (0.321)

Drinking Yes 4,625(46.9) 1,802(39.0) 2,823(61.0) 237.766""
No 5,234(53.1) 1,284(24.5) 3,950(75.5) (P<0.001)

“p<0.01, "p<0.001
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Table 2. Logistic regression analysis results (n=9,859)
95% C.I
Variable Categories B S.E QOdds Ratio P-value
Lower Upper
Age <39 years old - — 1 Ref. -
40~59 2437 0.350 11.443 <0.001™" 5762  22.725
>60 years old 4231 0.353 68.801 <0.001™" 34472 137317
Marital Married - — 1 Ref. —
status Single -0.335  0.162 0.715 0.039" 0.521  0.983
Divorce/Widowhood/Separation 0.320 0.063 1.377 <0.001™" 1217  1.557
Level of <Middle School — — 1 Ref. —
education High school —0332  0.061 0.717 <0.001™"  0.636  0.809
>College —0.623  0.079 0.536 <0.001™"  0.459  0.627
Regular Yes - - 1 Ref. —
exercise No —0.089  0.056 0.915 0.110 0.821  1.020
Number of  Not walking - - 1 Ref. -
walking days 3 days —0.062  0.082 0.940 0.454 0.800  1.105
fweek 4~6 days —0.066  0.081 0.936 0.415 0.798  1.098
Every day —0.164  0.079 0.849 0.038" 0.727  0.991
Body mass Underweight - - 1 Ref. -
index Normal weight 0.637 0.054 1.891 <0.001™  1.700  2.104
Overweight 1.489 0.111 4.431 <0.001™"  3.566  5.506
Obesity 1.631 0.145 5.109 <0.001™"  3.847  6.786
Subjective Good — — 1 Ref. —
health status  Moderate 0.322 0.058 1.379 <0.001™" 1231  1.546
Poor 0.772 0.073 2.163 <0.001™"  1.875  2.496
Drinking Yes - — 1 Ref. -
No —0.098  0.053 0.906 0.065 0.817  1.006
Constant —4.785  0.367 0.008 <0.001™" -
—2 Log likelihood 9477.326 Specificity (%) 85.3
Cox & Snell R? 0.245 Sensitivity (%) 47.9
Nagelkerke R* 0.345 Classification accuracy (%) 73.6
Chi-square 18.700

p<0.05, ""p<0.001
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Figure 2. Testing-data
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Table 3. Profit index of decision tree analysis related to prevalence of hypertension

Profit index Profit index
Category Node Node Gain Response Index Category Node Node Gain Response Index
N Percent N Percent N Percent N Percent

19 157 2.0% 122 49%  77.7% 250.0% 19 42 22% 35 57%  833% 258.8%
16 508 6.4% 328 133% 64.6% 207.7% 16 119 62% 80 12.9% 67.2% 208.8%
20 135 1.7% 82 33%  60.7% 195.4% 20 36 19% 21 34%  583% 181.1%
13 524 6.6% 271 11.0% 51.7% 166.4% 13 131 6.8% 69 112% 52.7% 163.6%
17 1023 12.9% 525 21.3% 51.3% 165.1% 17 234 122% 122 19.7% 52.1% 161.9%
18 796 10.0% 360 14.6% 452% 145.5% 18 201 105% 83 13.4% 413% 128.2%
26 53 07% 22 09% 41.5% 133.5% 26 15 08% 6 1.0%  40.0% 124.2%
14 831 10.5% 336 13.6% 40.4% 130.1% 14 208 10.8% 84 13.6% 40.4% 125.4%

Training 15 549 6.9% 168 6.8%  30.6% 98.4% Testing 15 155 81% 54 87%  34.8% 108.2%

data 2369  0.9% 19 08%  27.5% 88.6% data 23 16 08% 6 1.0%  37.5% 116.4%
27 341 43% 71 29%  20.8% 67.0% 27 80 42% 17 28% 21.3% 66.0%
24 454 57% 67 27% 14.8% 47.5% 24 101 53% 13 2.1% 12.9% 40.0%
21 97 12% 12 0.5% 12.4% 39.8% 21 17 09% 4 0.6%  23.5% 73.1%
25 622 78% 44 18% 1.1% 22.8% 25 151 7.9% 14 23% 93% 28.8%
10 75 09% 4 02%  5.3% 17.2% 10 20 1.0% O 0.0%  0.0% 0.0%
22 838 10.6% 33 13% 3.9% 12.7% 22198 103% 9 1.5%  4.5% 14.1%
11 403 51% 4 0.2% 1.0% 3.2% 11 87 45% 1 0.2% 1.1% 3.6%
12 465 59% 0 0.0%  0.0% 0.0% 12 108 5.6% 0 0.0%  0.0% 0.0%
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Table 4. Profit index of decision tree analysis related to non-prevalence of hypertension

Profit index Profit index
Category Node Node Gain Response Index Category Node Node Gain Response Index
N Percent N Percent N Percent N Percent
12 465 59% 465 85% 100.0%  145.1% 12 108 5.6% 108 8.3% 100.0%  147.5%
11 403 5.1% 399 73%  99.0% 143.7% 11 87 45% 86 6.6%  98.9% 145.8%
22 838 10.6% 805 14.7% 96.1% 139.4% 22 198 103% 189 14.5% 95.5% 140.8%
10 75 09% 71 13%  94.7% 137.4% 10 20 1.0% 20 1.5% 100.0% 147.5%
25 622 7.8% 578 10.6% 92.9% 134.8% 25 151 7.9% 137 10.5% 90.7% 133.8%
21 97 12% 85 1.6%  87.6% 127.2% 21 17 09% 13 1.0%  76.5% 112.8%
24 454 57% 387 T71%  852% 123.7% 24 101 53% 88 6.8%  87.1% 128.5%
27 341 43% 270 49%  792% 114.9% 27 80 42% 63 48%  78.8% 116.2%
Training 23 69 09% 50 09%  72.5% 105.1% Testing 23 16  0.8% 10 0.8%  62.5% 92.2%
data 15 549 69% 381 7.0%  69.4% 100.7% data 15 155 8.1% 101 78%  652% 96.1%
14 831 10.5% 495 9.0%  59.6% 86.4% 14 208 10.8% 124 9.5%  59.6% 87.9%
26 53 07% 31 0.6% 58.5% 84.9% 26 15 08% 9 0.7%  60.0% 88.5%
18 796 10.0% 436 8.0%  54.8% 79.5% 18 201 105% 118 9.1%  58.7% 86.6%
17 1023 12.9% 498 9.1%  48.7% 70.6% 17 234 122% 112 8.6%  47.9% 70.6%
13 524 6.6% 253 4.6%  48.3% 70.1% 13 131 6.8% 62 48% 473% 69.8%
20 135 1.7% 53 1.0%  393% 57.0% 20 36 1.9% 15 12%  41.7% 61.5%
16 508 6.4% 180 33%  354% 51.4% 16 119 62% 39 3.0% 32.8% 48.3%
19 157 2.0% 35 0.6% 22.3% 32.3% 19 42 22% 17 0.5% 16.7% 24.6%
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