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Table 2. ICDT 10 codes of CCVD diseases
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Table 3. Definition of Independent variables.
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Table4. Characteristics of the study population

Cardio-cerebrovascular disease?

Male Female
Variables No No
Total Incidence Incidence p- Total Incidence Incidence p-
value value
N % N % N N % N % N %

Total 230,512 100.0 20,654 9.0 209,858  91.0 240,253 100.0 19,727 8.2 220,526 91.8
Numbgr of health <0001 <0001
screeningt

None 96,827 42.0 8,292 8.6 88,535 914 129,218 52.3 9,707 75 119,511 92,5

1-2times 75,135 32.6 7,689 10.2 67,446  89.8 88,004 35.6 8,685 99 79,319 90.1

3-5times 45,315 19.7 3,940 8.7 41,375 91.3 27,674 11.2 2,539 9.2 25,135 90.8

6times 13,235 5.7 733 55 12502 94.5 2,353 1.0 130 55 2,223 945
Age <.0001 <.0001

30-39 86,938  37.7 3401 39 83,537  96.1 85,625  34.6 2,065 2.4 83,560  97.6

40-49 73731 320 5890 8.0 67841  92.0 74,267  30.0 4868 6.6 69,399 934

50-59 38,340 16.6 5,340 13.9 33,000 86.1 40,081 16.2 5,044 126 35,037 874

60-69 23,501 10.2 4397 18.7 19,104 81.3 29,919 12.1 5,658 18.9 24261 81.1

70< 8,002 35 1,626 20.3 6,376 79.7 17,357 7.0 3,426 197 13,931 80.3
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Region
Metropolitan
Urban
Rural
Health insurance
coverage

Insurance
(Regional)
Insurance
(Corporate)

Medical Aid
Income
Quintile1(lowest)
Quintile2
Quintile3
Quintile4
Quintileb(highest)
Disability
Not disabled
Mild/moderate
Severe

97,450
60,414
72,648

116,221

108,558
5,733

30,924
34,182
47,106
57,036
61,264

218,892
2,973
8,647

42.3
26.2
315

50.4

47.1
2.5

13.4
14.8
20.4
24.1
26.6

95.0
1.3
3.8

8,195
5,191
1,268

10,188

9,514
952

3,414
2,935
3,664
4,619
6,022

18,993
500
1,161

8.4
8.6
10.0

8.8

8.8
16.6

11.0
8.6
18
8.1
9.8

8.7
16.8
13.4

89,255
55,223
65,380

106,033

99,044
4,781

27,510
31,247
43,442
52,417
55,242

199,899
2,473
7,486

91.6
914
90.0

91.2

91.2
83.4

89.0
914
92.2
91.9
90.2

91.3
83.2
86.6

_26_

<.0001

<.0001

<.0001

<.0001

101,613
65,625
80,011

124,707

112,310
10,232

44,287
35,935
44,666
56,558
65,803

241,527
1,937
3,785

41.1
26.5
32.4

50.4

45.4
4.1

17.9
14.5
18.1
22.9
26.6

97.7
0.8
1.5

1,187
5,137
8,137

10,052

9,216
1,793

4,866
2,929
3,430
4,302
5,534

20,147
324
590

7.1
7.8
10.2

8.1

8.2
17.5

11.0
8.2
1.1
7.6
8.4

8.3
16.7
15.6

93,826
60,488
71,874

114,655

103,094
8,439

39,421
33,006
41,236
52,256
60,269

221,380
1,613
3,195

92.3
92.2
89.8

91.9

91.8
82.5

89.0
91.8
92.3
92.4
91.6

91.7
83.3
84.4

<.0001

<.0001

<.0001

<.0001



Charlson Comorbidity
Index (CCI)

0
1
>2
Previous diagnosis
with diabetes®
No
Yes
Previous diagnosis with
hypertensive disease®
No
Yes
Previous diagnosis with
dyslipidemia disease®
No
Yes

202,341
25,046
3,125

199,460
31,052

182,288
48,224

201,930
28,582

87.8
10.9
1.4

86.5
135

79.1
20.9

87.6
12.4

17,687
2,578
389

15,472
5,182

11,700
8,954

16,302
4,352

8.7
10.3
12.4

18
16.7

6.4
18.6

8.1
15.2

184,654
22,468
2,136

183,988
25,870

170,588
39,270

185,628
24,230

91.3
89.7
87.6

92.2
83.3

93.6
81.4

91.9
84.8

<.0001

<.0001

<.0001

<.0001

220,101
24,672
2,476

216,630
30,619

190,814
56,435

213,945
33,304

89.0
10.0
1.0

87.6
12.4

77.2
22.8

86.5
13.5

18,111
2,632
318

15,984
5,077

10,866
10,195

16,050
5,011

8.2
10.7
12.8

7.4
16.6

5.7
18.1

7.5
15.0

201,990
22,040
2,158

200,646
25,542

179,948
46,240

197,895
28,293

91.8
89.3
87.2

92.6
83.4

94.3
81.9

<.0001

<.0001

<.0001

<.0001

7 The number of health screening was calculated from 2002 to 2007

a Cardio-cerebrovascular disease conclude cardiovascular disease (120-125), cerebral infarction (1693-1694), hypertensive intracerebral hemorrhage

(160-162, 1690-1692)

b Previous diagsnosis with diabetes disease (E10~E14)

¢ Previous diagsnosis with Hypertensive disease (110~I15)

d Previous diagsnosis with dyslipidemia related disease including 'disorders of sphingolipid metabolism and other lipid storage disorders' (E75)
and 'disorders of lipoprotein metabolism and other lipidaemias' (E78)
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Product-Limit Survival Estimates
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Figure 3. Kaplan-Meier Survival Plot for Incidence of CCVD according

to the Number of Health screening (Male)

_28_



Product—Limit Survival Estimates
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Figure 4. Kaplan-Meier Survival Plot for Incidence of CCVD according

to the Number of Health screening (Female)
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Table 5. Results of Survival Analysis using Cox Proportional Hazard Model for

the Association between number of health screening and incidence of CCVD

Cardio-cerebrovascular disease®

Variables Male Female
Adjusted .
R 95%CI Adjusted HR 95%CI
Number of health
screening
None 1.24 (1.15 - 1.34) 1.07 (0.90 - 1.27)
1-2times 1.26 (1.16 - 1.36) 1.12 (094 - 1.33)
3-5times 1.20 (1.11 - 1.30) .10 (0.92 - 1.31)
6times 1.00 1.00
Age
30-39 1.00 1.00
40-49 179 (172 - 1.87) 2.36 (2.24 - 2.49)
50-59 2.75 (2.63 - 2.88) 382 (3.62 - 4.04)
60-69 3.54 (3.37 - 3.71) 527 (499 - b557)
70< 441 (4.14 - 4.69) 6.15 (5.80 - 6.53)
Region
Metropolitan 1.00 1.00
Urban 1.04 (1.01 - 1.08) 1.02 (0.98 - 1.06)
Rural 1.12 (1.08 - 1.15) .11 (1.08 - 1.15)
Health insurance
coverage
{gigjﬁacs 053 (0.49 - 0.58) 052 (0.48 - 0.55)
%giﬁ;iﬁgfe) 0.53 (0.49 - 0.58) 049 (0.46 - 0.52)
Medical Aid 1.00 1.00
Income
Quintilel(lowest) 1.00 1.00
Quintile2 1.00 (0.95 - 1.05) 1.00 (0.95 - 1.05)
Quintile3 0.97 (0.92 - 1.02) 1.01 (0.96 - 1.06)
Quintile4 0.99 (0.94 - 1.04) 1.01 (0.97 - 1.06)
Quintile5(highest) 1.03 (0.98 - 1.08) 0.99 (094 - 1.03)
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Disability

Notdisabled 1.00
Mild/moderate 1.49
Severe 1.21
Charlson Comorbidity
Index(CCI)
0 1.00
1 1.05
>2 1.19
Previous diagnosis with diabetes®
No 1.00
Yes 1.30

Previous diagnosis with
hypertensive disease®

No 1.00
Yes 2.01

Previous diagnosis with
dyslipidemia disease?

No 1.00
Yes 1.29

(1.36
(1.14

(1.01
(1.07

(1.26

(1.95

(1.24

1.64)
1.29)

1.10)
1.31)

1.34)

2.08)

1.34)

1.00
1.44
1.26

1.00
1.13
1.21

1.00
1.25

1.00
1.91

1.00
1.26

(1.29
(1.16

(1.09
(1.08

(1.21

(1.85

(1.22

1.61)
1.37)

1.18)
1.35)

1.29)

1.97)

1.31)

t The number of health screening was calculated from 2002 to 2007
a Cardio-cerebrovascular disease conclude cardiovascular disease (120-125), cerebral infarction
(I693-1694), hypertensive intracerebral hemorrhage (160-162, 1690-1692)

b Previous diagsnosis with diabetes disease (E10~E14)
¢ Previous diagsnosis with Hypertensive disease (110~I15)
d Previous diagsnosis with dyslipidemia related disease including 'disorders of sphingolipid metabolism

and other lipid storage disorders' (E75) and 'disorders of lipoprotein metabolism and other

lipidaemias' (E78)
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Table6. Proportional Hazard Model for the Association between number of health screening and incidence by types of CCVD

CcvD? CIP HIHE
Variables Adjusted
Adjusted HR 95%ClI Adjusted HR 95%CI HR 95%CI
Male
Number of health screeningt
None 1.18 (1.08 - 1.28) 1.86 (1.39 - 2.47) 1.64 (0.99 - 2.73)
1-2times 1.24 (1.14 - 1.35) 1.57 (1.18 - 2.09) 1.28 (0.77 - 2.13)
3-btimes 1.20 (1.10 - 1.31) 1.37 (1.02 - 1.83) 1.25 (0.74 - 2.10)
6times 1.00 1.00 1.00
Female

Number of health screeningt

None 1.06 (0.88 - 1.28) 1.12 (0.63 - 1.99) 1.11 (0.41 - 3.02)
1-2times 1.14 (0.94 - 1.37) 1.06 (0.60 - 1.87) 0.96 (0.35 - 2.60)
3-5times 1.12 (0.93 - 1.35) 1.05 (0.59 - 1.88) 0.69 (0.25 - 1.92)
6times 1.00 1.00 1.00

T The number of health screening was calculated from 2002 to 2007

a Cardio-cerebrovascular disease conclude cardiovascular disease (120-125)
b Cerebral infarction (1693-1694)

¢ Hypertensive Intracerebral Hemorrhage (160-162, 1690-1692)
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Table7-1. Subgroup Analysis of the Association between Number of Health Screening and Incidence of CCVD according

to covariates (male)

Number of health screening

Variables 6 times 3-5times 1-2times None
ref Adjusted HR 95%ClI Adjusted HR 95%ClI Adjusted HR 95%ClI
Male
Age
30-39 1.00 1.05 (091 - 1.23) 1.12 (096 - 1.30) 1.09 (093 - 127
40-49 1.00 1.17 (1.03 - 1.32) 1.33 (1.17 - 1.50) 1.24 (1.09 - 1.41)
50-59 1.00 1.32 (.11 - 1.57) 1.36 (1.15 - 1.62) 1.38 (.16 - 1.65)
60-69 1.00 1.45 097 - 2.17) 1.36 (091 - 2.02) 1.37 (092 - 2.04)
70< 1.00 - - - - - - - - -
Region
Metropolitan 1.00 1.09 (0.95 - 1.25) 1.17 (1.02 - 1.34) 1.14 (099 - 1.31)
Urban 1.00 1.21 (1.06 - 1.39) 1.32 (.15 - 1.51) 1.27 (.11 - 1.46)
Rural 1.00 1.28 (112 - 1.47) 1.27 (.11 - 1.46) 1.30 (1.13 - 1.50)

Health insurance
coverage
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Insurance
(Regional)
Insurance
(Corporate)

Medical Aid
Income
Quintile1(lowest)
Quintile2
Quintile3
Quintile4
Quintileb(highest)
Disability
Not disabled
Mild/moderate

Severe

Charlson Comorbidity
Index(CCI)

0
1

1.00

1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00

1.06

1.20

1.05
1.23
1.16
1.13
1.38

1.21
2.32
0.85

1.20
1.11

(0.61

1.83)

_39_

1.11

1.24

1.14
1.36
1.18
1.18
1.42

1.26
2.83
0.92

1.26
1.14

(0.65

(1.14

0.89
1.02
0.98
1.02
1.24

—_ o~~~

(1.16
(0.39
(0.62

(1.15
(0.92

1.92)

1.35)

1.47
1.81
1.42
1.36
1.62

1.36)
20.53)
1.38)

1.37)
1.41)

1.05

1.26

1.12
1.36
1.15
1.11
1.41

1.23
2.91
0.91

1.23
1.09

(0.61

(1.15

0.87
1.02
0.95
0.96
1.23

—~ o~ o~ — —

(1.13
(0.40
(0.61

(1.13
(0.88

1.80)

1.37)

1.43
1.82
1.38
1.29
1.62

1.33)
21.00)
1.36)

1.34)
1.36)



>2 1.00
Previous diagnosis with diabetes®
No 1.00
Yes 1.00

Previous diagnosis with
hypertensive disease®

No 1.00
Yes 1.00

Previous diagnosis with
dyslipidemia disease®
No 1.00

Yes 1.00

1.37

1.19
1.24

1.16
1.28

1.21
1.18

(0.65

(1.09
(1.02

(1.05
(1.12

(1.10
(1.00

2.89)

1.30)
1.51)

1.29)
1.46)

1.32)
1.40)

1.50

1.23
1.36

1.22
1.33

1.26
1.24

(0.72

(1.12
(1.13

(1.11
(1.17

(1.15
(1.05

3.11)

1.34)
1.65)

1.35)
1.52)

1.38)
1.46)

1.45

1.19
1.43

1.19
1.34

1.24
1.24

(0.70

(1.09
(1.18

(1.08
(1.17

(1.14
(1.05

3.03)

1.29)
1.73)

1.31)
1.53)

1.36)
1.47)

T The number of health screening was calculated from 2002 to 2007
a Cardio-cerebrovascular disease conclude cardiovascular disease (120-125), cerebral infarction (1693-1694), hypertensive intracerebral hemorrhage (160-162, 1690-1692)

b Previous diagsnosis with diabetes disease (E10~E14)
¢ Previous diagsnosis with Hypertensive disease (110~I15)
d Previous diagsnosis with dyslipidemia related disease including 'disorders of sphingolipid metabolism and other lipid storage disorders' (E75) and 'disorders of

lipoprotein metabolism and other lipidaemias' (E78)
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Table7-2. Subgroup Analysis of the Association between Number of Health Screening and Incidence of CCVD according

to covariates (female)

Number of health screening

Variables 6 times 3-5times 1-2times None
ref Adjusted HR 95%ClI Adjusted HR 95%CI Adjusted HR 95%ClI
Female
Age
30-39 1.00 0.96 (0.57 - 1.61) 1.10 (0.67 - 1.82) 0.95 (0.58 - 1.56)
40-49 1.00 1.25 (0.97 - 1.61) 1.29 (1.0 - 1.65) 1.21 (0.94 - 1.55)
50-59 1.00 0.84 (0.62 - 1.13) 0.85 (0.63 - 1.15) 0.82 (0.61 - 1.10)
60-69 1.00 2.00 (0.64 - 6.22) 1.99 (0.64 - 6.19) 1.95 (0.63 - 6.04)
70< 1.00 - - - - - - - - -
Region
Metropolitan 1.00 1.16 (0.84 - 1.60) 1.19 (0.87 - 1.64) 1.15 (0.84 - 1.58)
Urban 1.00 1.08 (0.79 - 1.48) 1.17 (0.86 - 1.59) 1.13 (0.83 - 1.53)
Rural 1.00 1.05 (0.79 - 1.40) 1.03 (0.78 - 1.37) 0.96 (0.72 - 1.28)

Health insurance
coverage
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Insurance
(Regional)
Insurance
(Corporate)

Medical Aid
Income
Quintile1(lowest)
Quintile2
Quintile3
Quintile4
Quintileb(highest)
Disability
Not disabled
Mild/moderate

Severe

Charlson Comorbidity
Index(CCI)

0
1

1.00

1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00

1.00
1.00

0.69

1.09

1.09
1.20
1.03
0.95
1.00

1.10

1.48

1.09
1.18

(0.10

(0.20

(0.90
(0.70

4.90)

10.80)

1.31)
1.98)

_42_

0.70

1.11

1.16
1.25
1.01
0.95
0.98

1.11

1.70

1.11
1.1

(0.10

(0.93

0.88
0.89
0.66
0.56
0.47

—_ ~ —~ —~ —

(0.93

(0.24

(0.93
(0.66

4.95)

1.33)

1.53
177
1.55
1.61
2.06

1.33)

12.26)

1.34)
1.85)

0.65

1.02

1.17
1.13
0.91
0.88
0.95

1.05

1.70

1.05
1.03

(0.09

(0.24

(0.87
(0.62

4.62)

1.22)

1.55
1.59
1.39
1.49
1.99

1.25)

12.26)

1.27)
1.72)



=2 1.00

a

Previous diagnosis with diabetes
No 1.00
Yes 1.00

Previous diagnosis with
hypertensive disease®

No 1.00
Yes 1.00

Previous diagnosis with
dyslipidemia disease®
No 1.00

Yes 1.00

1.14
0.88

1.12
1.08

1.18
1.12

(0.94
(0.57

(0.89
(0.82

(1.00
(0.77

1.39)
1.34)

1.41)
1.42)

1.40)
1.62)

1.17
0.89

1.14
1.11

1.24
1.17

(0.97
(0.58

(0.91
(0.84

(1.05
(0.81

1.42)
1.36)

1.44)
1.45)

1.46)
1.70)

1.10
0.89

1.06
1.08

1.24
1.12

(0.90
(0.58

(0.84
(0.82

(1.05
(0.77

1.33)
1.36)

1.33)
1.42)

1.47)
1.62)

T The number of health screening was calculated from 2002 to 2007
a Cardio-cerebrovascular disease conclude cardiovascular disease (120-125), cerebral infarction (1693-1694), hypertensive intracerebral hemorrhage (160-162, 1690-1692)

b Previous diagsnosis with diabetes disease (E10~E14)
¢ Previous diagsnosis with Hypertensive disease (110~I15)

d Previous diagsnosis with dyslipidemia related disease including 'disorders of sphingolipid metabolism and other lipid storage disorders' (E75) and 'disorders of
lipoprotein metabolism and other lipidaemias' (E78)
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2 9ltH(Mozaffarian D et al., 2015).
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Abstract

The Association between the Number of

Health Screening and the Incidence of

Cardio-cerebrovascular disease

TAI - HYUN KANG
Dept. of Health Policy Management
Graduate School of Public Health

Yonsei University

(Directed by Professor Sung-In JANG, M.D., Ph.D.)

Background

Cadio-cerebrovascular diseases account for 25%(one-fourth(1/4)) of
all deaths in Korea. In 2014, according to statistics by health
insurance, health insurance coverage cost related to
Cardio-cerebrovascular diseases within the country is approximately
5,320,000,000won; up more than 5 times (about 1,100,000,000) in 2004.

[t shows the annual average 17.3 percent increase.
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It means that the burden is increasing not only or National Health
insurance Services. but also of the patients. As the population is
rapidly aging, social and economic burden is growing larger.

Regular medical check-ups can prevent and detect potential health
issues. It also can help better mornitoring and managing diseases
which will help reducing the burden of diseases.

Thus, this study aims to investigate the association between health

screenings and incidence of cardio-cerebrovascular diseases.

Method

The National Health Insurance Service (NHIS) sample cohort
database between 2002 and 2013 was used in this study. A total of
1,029,423 Individuals aged over 30 years old in 2002 were included.
The number of health screenings was measurd as the sum of health
screenings an individual received during 2002 and 2007 which was
defineds as a landmack period.

Survival Analysis was performed to investigate the association between
the number of health screenings and incidence of
cardio-cerebrovascular disease, using Kaplen-Meier survival curves,

the log-rank test and Cox’'s proportional hazard model.

Results

Of the whole subjects, ones who has not taken health screening once
took up 40.2% of male and 50.8% of female(approximately half).
Men(5.9%) have had 6 of health screening made a big difference with
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women(1.0%). In the case of men, they who have never had health
screenings have 1.24 times(95% CI:1.15-1.34) higher incidence of
Cardio-cerebrovascular diseases than those who have done 6. Overall,
the effect that as the number of Health screenings increases,
incidence of Cardio-cerebrovascular diseases statistically decreases
can be predicted: men that took 1 to 2 of checkups are 1.26
times(95% CI:1.16-1.36) higher, those who took 3 to 5 are 1.2 times(95%
CI:1.11-1.30) higher compared to men who took a regular checkup
every year. When it comes to women, they statistically paid no
attention to that but generally as the number of Health screenings
rose incidence of Cardio-cerebrovascular diseases decreased.

In this kind of disease, it is more important for men to have regular
checkups because men relatively have higher incidence of

Cardio-cerebrovascular diseases than women.

Conclusion

This study shows increased number of health screenings was
significantly associated with lower risks for cardio-cerebrovascular
diseases. The results of a lack of consistent statistical significance in
women indicate that men and women have different causes of
cardiovascular disease, and that further studies are needed to track
cardiovascular development by considering the incidence and age of
cardiovascular development. It has a great meaning in itself.

The study shows that annual health checkups for men in their 40s
and 50s can reduce the incidence of heart disease, reduce death

rates, and reduce health insurance costs.
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Detailed and active supporting policy is needed because of the
importance of health screening for prevention and early discovery of

Cardio-cerebrovascular diseases.

Keywords: Number of Health Screening, Cardio-cerebrovascular disease,

Kaplan-Meier Survival analysis, Cohort DB
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