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A Study on Regional Variations for Disease-specific Cardiac Arrest
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Abstract The purpose of this study was to examine how region-specific characteristics affect the occurrence of
cardiac arrest. To analyze, we combined a unique data set including key indicators of health condition and
cardiac arrest occurrence at the 244 small administrative districts. Our data came from two main sources in
Korea Center For Disease Control and Prevention (KCDC): 2010 Out-of-Hospital Cardiac Arrest Surveillance
and Community Health Survey. We analyzed data by using multiple regression, geographically weighted
regression and decision tree. Decision tree model is selected as the final model to explain regional variations of
cardiac arrest. Factors of regional variations of cardiac arrest occurrence are population density, diagnosis rates
of hypertension, stress level, participating screening level, high drinking rate, and smoking rate. Taken as a
whole, accounting for geographical variations of health conditions, health behaviors and other socioeconomic
factors are important when regionally customized health policy is implemented to decrease the cardiac arrest
occurrence.

Key Words : Cardiac arrest, Regional variations, Geographically weighted regression, Decision tree, Decision
tree classification model rule
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A Study on Regional Variations for Disease—specific Cardiac Arrest
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(Table 1) Description of the variables

Standardi
('a.t €80 Variables Description zed rate Source
ries by sex
and age
. . The number of current smokers who have smoked more than 100
Current smoking rate . _ ; . L . @)
cigarettes(5 packes) in their entire life / Survey respondents
The number of people who have drunk more than twice a week
. . L. during the last year / Drinkers during the last year
High-risk drinki . . . o]
gh-risk drinking rate * Male: more than 7 units of alcohol in one session
Female: more than 5 units of alcohol in one session
The number of people who have done walking exercise in the last
Moderate-intensity 7 days / Survey respondents o
physical activity * at least 20 minutes on 3 or more days a week OR
at least 30 minutes on 5 or more days a week
Obesity rate The number of people with a BMI over 25 / Survey respondents O
Th f le feeling high levels of i i( life
Stress Tevel e number of people feeling high levels of stress in everyday life o
/ Survey respondents
) Depression rate The number of people who have felt depressed continuously for o
Diseas P more than 14 days last year / Survey respondents
e and
health | Participation rate of The number of health screen examinees during the last two years o Community
behavi | health screening / Survey respondents Health
ors - Survey
charact | Diagnosis rates of The number of people diagnosed with hypertension / Survey o
eristics | hypertension respondents over the age of 30
Hypertension The number of people yvho have taken antlhypettenmve drugs for
. more than 20 days in a month / over 30-year-old survey O
medication rate . .
respondents who diagnosed hypertension
Diagnosis rates of The number of people diagnosed with diabetes / Survey o
diabetes respondents over the age of 30
. .. The number of people being treated for diabetes(medication or
Diabetes medication . R .
insulin injection) /over 30-year-old survey respondents who O
rate . .
diagnosed diabetes
Diagnosis rates of The number of people diagnosed with hyperlipidemia / Survey o
hyperlipidemia respondents over the age of 30
Diagnosis rates of The number of people diagnosed with myocardial infarction / o
myocardial infarction Survey respondents over the age of 30
Diagnosis rates of The number of people diagnosed with angina pectoris / Survey o
angina pectoris respondents over the age of 30
Regional
Regio Population density Population / Area(km’) x Statistical
Z‘ " Yearbook
charact Population
- . The number of people with a high-school diploma or higher / and Housing
eristics | Education level . x
Population over 6 years old Census
Report
Inci f . .. . i
Results nc@ence rate o The standardized incidence rate of cardiac arrest O Acute Cardiac
cardiac arrest Arrest Survey
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(Table 2) General Characteristics of Variables
(unit : %)

Total | Top | Lower
Avg | 25% 25%

Current smoking rate 24.6 264 2.7
High-risk drinking rate 136 16.3 11.0

Moder'ate*mt.en's 1y 237 | 263 181
physical activity

Categories Variables

Obesity rate 22.7 24.6 21.0
Stress level 26.8 30.1 24.0
Depression rate 53 6.9 37

Participation rate of
health screening
Diagnosis rates of

577 | 607 549

168 | 183 154

Disease hypertension
and health Hypertension - =
behaviors medication rate Bl | S 4
Diagnosis rates of - -
diabetes 6.5 72 5.7
Diabetes medication 612 70 502
rate
DlagHOS{S‘the-S of 79 97 61
hyperlipidemia
Diagnosis rates of -
myocardial infarction 13 15 10
Dlagr'losm rate§ of 09 12 06
angina pectoris
Population density -
Regional | Population / Area(km’) 405 | 6317 B

Education level 59.3 70.1 477

Results Incidence rate of M1 03| %2
cardiac arrest

AR g 913 201%tke] AARA S A g A
3, BAHOR Fo3 4AAAE Bl fPede ¥
A FAE1=0214, p<0.01), HITH&(r=0.184, p<0.01), =
Ef 2 AALr=0146, p<0.05), 28 HA AR
¥ ET=0.22, p<0.01), WEHFF(r=-0.145, p<O.05) L=
e S8, vvhe, 189 A gakidgo] =
S AAUFE, wKpFEo] vhe AAUd5E Aey 4
A BAE] A JERS T Table 4>
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(Table 3) Distribution of Incidence rates of cardiac — arrest by regions

Categories

Regions

Low Incidence
(The low 25%,

- Gangwon : Gangneung, Hoengseon, Yanggu, Hwacheon

- Gyeonggi : Yongin, Yangju, Goyang ilsan ,Bucheon Sosa/Ojeong, Gapyeongn, Seongnam Bundang,
- Gyeongnam @ Gimhae, Sancheongn, Miryang, Yangsan, Uiryeongn, Changwon, Hadongn, Hamann

- Gyeongbuk : Goryeongn, Yeongju, Yecheonn, Ulleungn, Cheongdon

- Daegu : Dalseo, Dalseongn

- Busan : Geumjeong, Dongnae, Buk-gu, Sasang, Saha, Seo-gu, Yeonje, Haeundae

- Seoul : Gangnam, Gangdong, Gangseo, Geumcheon, Seocho, Seongdong, Songpa, Eunpyeong

<=362) - Ulsan : Buk-gu, Uljun
* 61 regions - Incheon : Ganghwan, Ongjinn
- Jeonnam : Gangjinn, Gokseongn, Sinann, Wandon, Jangheungn, Haenamn
— Jeonbuk : Wanju, Imsiln, Jeonju Wansan
— Chungnam : Geumsan, Nonsan, Dangjin, Buyeon, Cheonan Seobuk-gu
- Chungbuk : Eumseong
- Gangwon : Donghae, Sokcho, Chuncheon, Pyeongchangn, Hongcheonn
- Gyeonggi : Gwacheon, Gwangmyeong, Gwangju, Gunpo, Gimpo, Namyangju, Dongducheon, Bucheon Wonmi,
Seongnam Sujeong/Jungwon, Suwon Yeongtong/ Jangan, Ansan Sangrok, Anseong, Anyang Dongan/Manan,
Yangpyeongn, Osan, Uiwang, Icheon, Paju, Hanam, Hwaseong, Goyang Deogyang
- Gyeongnam : Geoje, Geochangn, Goseongn, Namhaen, Sacheon, Jinju,, Changnyeongn, Tongyeong, Hapcheonn
- Gyeongbuk : Gyeongsan, Gyeongju, Gumi, Gimcheon, Yeongyangn, Uiseongn, Cheongsongn, Chilgokn, Pohang
Medium - Gwangju : Gwangsan, Nam, Buk, Seo-gu
Incidence - Daegu : Nam-gu, Dong-gu, Buk-gu, Seo-gu, Suseong
(The low 2 - Daejeon : Daedeok, Seo—gu, Yuseong, Jung
50%~The high | ~ Busan @ Gangseo, Gijangn, Nam-gu, Dong-gu, Busanjin, Suyeong, Yeongdo, Jung-gu
259 ¢ 362~ - Seoul : Gangbuk, Gwanak, Guro, Nowon, Dobong, Dongjak, Mapo, Seodaemun, Seongbuk, Yangcheon,
50.4) Yeongdeungpo, Yongsan, Jongno, Dongdaemun
122 regions - Ulsan : Nam-gu, Dong-gu, Jung-gu

- Incheon : Bupyeong, Seo—gu, Yeonsu

- Jeonnam : Goheungn, Gwangyang, Guryen, Naju, Mokpo, Muann, Suncheon, Yeongamn, Jangseongn, Jindon,
Hampyeongn

- Jeonbuk : Gunsan, Namwon, Buann, Sunchangn, Iksan, Jeonju Deokjin, Jeongeup

- Chungnam : Gyeryong, Gongju, Boryeong, Seosan, Asan, Yeongin, Yesann, Cheonan Dongnam, Taeann

~ Chungbuk : Goesann, Boeunn, Okcheonn, Cheongwonn, Cheongju Sangdang/Heungdeok

High Incidence
(The high
25%, >=50.4)
1 61 regions

- Gangwon : Goseong, Samcheok, Yangyang, Yeongwol, Wonju, Inje, Jeongseon, Cheorwon, Taebaek

- Gyeonggi : Gur, Suwon Gwonseon/Paldal, Siheung, Ansan Danwon, Yeoju, Yeoncheon, Uijeongbu,
Pyeongtaek, Pocheon

- Gyeongnam : Hamyang

- Gyeongbuk : Gunwi, Mungyeong, Bonghwa, Sangju, Seongju, Andong, Yeongdeok, Yeongcheon, Uljin

- Gwangju : Dong-gu

- Daegu @ Jung-gu

- Daejeon : Dong-gu

- Seoul : Gwangjin, Jung-gu, Jungnang

- Incheon @ Gyeyang, Nam-gu, Namdong, Dong-gu, Jung-gu

- Jeonnam : Damyang, Boseong, Yeosu, Yeonggwang, Hwasun

- Jeonbuk : Gochang, Gimje, Muju, Jangsu, Jinan

- Jeju

- Chungnam : Seocheon, Cheongyang, Hongseong

- Chungbuk : Danyang, Yeongdong, Jecheon, Jeungpyeong, Jincheon, Chungju
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[Fig. 5] Regional variations in incidence WHFEC] B A G, J‘g‘% 44 elrtld
rates of cardiac arrest AYE, 2EY 2= AAE i dA FAEo] =& A
HAFE AAA] g5t A Eo] =4 YERSTI<Table
(Table 4) Correlation between general 5>
characteristics and incidence
of cardiac arrest
Categories corrga.tlorg (Table 5) Result of Multiple Regression Analysis
coethicien Categories 6] VIF | StdErr | p-value
Current smoking rate 0.214 Intercept 1263 0 260 0.142
High-risk drinking rate 0.083 Elagnoms‘ rates of 108 115 033 <0001
Moderate-intensity physical activity 0.008 ypem?nswn
Obesi 0181" Education level -21.23 1.27 598 <0.001
sity rate : Stress level 039 | 018 | 018 | 0029
Stress level 0.145 Current smoking rate 0.62 0.28 0.28 0.028
Depression rate 0.059 R*=0134 Adj R*=0.119 F=9.23 (p <0.000)
Participation rate of health screening -0.054
Diagnosis rates of hypertension 0.220 35 X[2|™ 7% M ol_g_gl_l_ é!’g'ﬂ%"
Hypertension medication rate 0.013
i AZo| wo|
Diagnosis rates of diabetes 0.124
ZAap2 0 Eelnsa rlEs 7 B A= Ala
Diabetes medication rate 0.043 ST B S H s e sldlR el Hx A
Diagnosis rates of hyperlipidemia 0.032 H A LA Sk AG 48 5Ado] wiedy
Diagnosis rates of myocardial infarction 0.011 A= TG HA AT A ‘dg, ﬂ%‘}l\‘%, Eal
Diagnosis rates of angina pectoris -0.002 Eg A QA]go] AAA dAle] 2 ke Fa1 Ao
Population density -0.096 o U537 e] Az} AARA] o] Fo3% g3 @
Education level -0.145" dloz Yepgd A TAES A=At w2 HE
Z

“p<0.05, “p<0.01

Journal of Digital Convergence | 359



|1}
ol
0z
0=
0%
pal

o

=
|0

otk ©EE GWR 23] AuHel
02 ehgon], o] Arh vl
AgEnnt v $58hduk<Table 6>,

(Table 6) Result of Geographically Weighted

Regression

Categories - p -
Min Median | Max
Intercept 23 33.30 39
DlagnosmA rates of 054 0.92 134

hypertension

Education level -33 -26.36 -15
Stress level 0.36 0.38 0.61

R?=0.150, Adj R*=0.120

)

[Fig. 2I= GWR 2@& Fal 2had A9 A4
2y 91l 21 Sl tigk 3171 A4S ArcGIS 101
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o @
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g L3
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¥ I 0493232 - 0.607644

Stress level
[Fig. 2] Regression coefficient based on GWR
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[Fig. 5] Regional clusters of the incidence of cardiac arrest by decision tree (R* =0.248)
(Table 7) Regions by decision tree nodes
Node Rule Regions
Education Level(>= The low 25%) & Diagnosis rates of | Gangwon(Taebaek), Gyeonggi(Siheung, Anyang Manan,
1 hypertension(>= The high 25%) & Stress Level(>= The | Uijeongbu), Incheon(Dong-gu), Chungbuk(Chungju),
high 25%) & High-risk drinking rate(>= The high 25%) | Seoul(Jungnang)
Education Level(>= The low 25%) & Diagnosis rates of | . . .
2 hypertension(>= The high 25%) & Stress Level(< The gzgg)rfiigiszsggéﬁﬁils ?ﬁ;ﬁn?ﬁgxg)ﬂ)
high 25%) & Population density(< The low 25%) ’ ’
Education Level(>= The low 25%) & Diagnosis rates of Gy.e onggi(Pocheon, Bucheon Ojeong, Seongnam
. . _ - Sujeong/Jungwon, Suwon Paldal, Ansan Danwon),
3 hypertension(< The high 25%) & Stress Level(>= The Gyeongnam(Tongyeong) Chungbuk(Jeungpyeong)
: high 25%) & Participation rate of health screening(< The Busan(Dong-gu) Incheo}l (Jung-gu) ’
high 25%) & Current smoking rate(>= The high 25%) ' ’
Daegu(Nam-gu, Dong-gu)
Gangwon(Yeongwol, Jeongseon, Pyeongchang,
Hongcheon,  Hoengseong),  Gyeongnam(Changnyeong,
Hapcheon), Gyeongbuk(Gunwi, Mungyeong, Sangju,
Yeongdeok,  Yeongyang,  Yeongcheon,  Cheongdo),
4 Education Level(< The low 25%) & Diagnosis rates of | Incheon(Ganghwa),  Jeonnam(  Gangjin, Damyang,
hypertension(>= The low 25%) Boseong, Jangseong, Jindo, Hwasun), Jeonbuk(Gimje,
Namwon, Muju, Buan, Jangsu, Jeongeup, Jinan),
Chungnam(Boryeong, Buyeo, Seocheon, Yesan,
Cheongyang, Taean, Hongseong), Chungbuk(Goesan,
Danyang, Boeun, Yeongdong, Okcheon)
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Node Rule Regions
Education Level(< The low 25%) & Diagnosis rates of
5 hypertension(< The low 25%) & Stress Level(< The low | Gyeongbuk(Seongju, Uljin), Jeonnam(Goheung,
25%) & Diagnosis rates of hyperlipidemia(< The low | Gurye, Naju)
25%) & High-risk drinking rate(< The low 25%)
Education Level(>= The low 25%) & Diagnosis rates of | Gangwon(Wonju), Gyeonggi(Gwangju, Osan, Hanam),
6 hypertension(>= The high 25%) & Stress Level(>= The | Seoul(Seongbuk), Incheon(Gyeyang, Seo-gu), Chungnam
high 25%) & High-risk drinking rate(< The high 25%) | (Yeongi), Chungbuk(Jincheon)
Education Level(< The low 25%) & Diagnosis rates of | Gyeongnam(Geochang, Namhae, Sancheong), Gyeongbuk
7 hypertension(< The low 25%) & Stress Level(>= The | (Cheongsong), Jeonnam (Yeonggwang, Yeongam,
low 25%) Hampyeong, Haenam), Jeonbuk(Gochang, Sunchang)
Gangwon(Inje), Gyeonggi(Goyang Deogyang, Guri, Suwon
Education Level(>= The low 25%) & Diagnosis rates of Yeongtorg, Ansemg Yangju, Yeoju, Hivaseong), Gym(ﬁnju),
. . _ Gyeongbuk(Gimcheon,  Andong), Gwangju(Dong-gu),
8 hypertension(< The high 25%) & Stress Level(< The . . .
high 25%) & Depression rate(>= The high 25%) Dacjeon(Seo-gu), Busan(Gijang), Seoul('Gangdong, Maro,
Seocho, Yeongdeungpo), Ulsan (Ulju , Jung-gu),
Incheon(Namdong, Yeonsu), Chungnam(Gongju)
Education Level(>= The low 25%) & Diagnosis rates of gyeonggl(lzfdmydng]lé,‘ Ans d& S:ing.,;rok, de}(zpye(ing;,
hypertension(< The high 25%) & Stress Level(>= The yeongnam Haman), - Gwangju amﬂgu, Dacgu (Jung 8w,
9 ; - . . N Dacjeon(Yuseong, Jung-gu), Busan (Gangseo), Seoul(Gwangjin,
high 25%) & Participation rate of health screening(< The Guro, Geumeheon, Nowon, Jongno). Incheon(Bupyeong)
high 25%) & Current smoking rate(< The high 25%) ’ L ’ ’ ’
Jeonbuk (Jeonju)
Gangwon(Gangneung,  Donghae,  Sokcho),  Gyeonggi(Gunpo,
Gimpo, Dongducheon, Bucheon Sosa/Wonmi, Anyang
Education Level(>= The low 25%) & Diagnosis rates of | Dongan, Yongin, Uiwang, Icheon, Paju, Pyeongtaek),
10 hypertension(>= The high 25%) & Stress Level(< The | Daegu(Dalseo), Dagjeon(Dong-gw), Busan(Yeongdo), Seoul(Gangseo,
high 25%) & Population density(>= The low 25%) Gwanak, Dobong, Seodaemun, Yangcheon), Jeonbuk(Gunsan,
Tksan), Chungnam(Gyeryong, Asan), Chungbuk(Eumseong),
Jeonnam(Mokpo), Ulsan(Nam-gu)
Gangwon(Chuncheon,  Hwacheon),  Gyeonggi( ~ Gwacheon,
Seongnam Bundang, Suwon Gwonseory Jangan), Gyeongnam(Geoje,
Gimhae, Miryang, Sacheon, Yangsan, Changwon),
Gyeongbuk(Gyeongsan,  Gyeongju, Gumi,  Yeongju,
Ulleung, Chilgok, Pohang), Gwangju(Gwangsan, Buk-gu,
Education Level(>= The low 25%) & Diagnosis rates of Seo.igw’ DaegU(Dalseong" Bu}.{igu’ Seogu,  Suseong),
. . _ Daejeon Daedeok, Busan(Geumjeong, Nam-gu, Dongnae,
11 hypertension(< The high 25%) & Stress Level(< The . . . . .
high 25%) & Depression rate(< The high 25%) Busanjin, Buk-gu, Sasang, Saha, Seo-gu, Suyeong,
Yeonje, Jung, Haeundae), Seoul(Gangbuk, Dongdaemun,
Dongjak, Seongdong, Yongsan, Eunpyeong, Jung-gu),
Ulsan(Dong-gu, Buk—gu), Incheon Namrgu, Jeonnam(Gwangyang,
Muan, Suncheon, Yeosu), Jeonbuk Wanju, Jeju, Chungnam(Nonsan,
Dangjin, Seosan, Cheonan), Chungbuk(Jecheon, Cheongwon,
Cheongju)
Education Level(< The low 25%) & Diagnosis rates of
p hypertension(< The low 25%) & Stress Level(< The low Gyeongnam(Goseong, IjI'adong, Hamyang), Gyeongbuk
12 . . .. R Bonghwa, Jeonnam(Sinan, ‘Wando, Jangheung),
25%) & Diagnosis rates of hyperlipidemia(< The low . )
95%) & High-tisk drinking rate(>= The low 25%) Jeonbuk(Imsil), Chungnam (Geumsan)
Education Level(>= The low 25%) & Diagnosis rates of
13 hypertension(< The high 25%) & Stress Level(>= The | Gangwon(Yanggu), Gyeonggi(Govang Iisan, Gwangnyeong),
* high 25%) & Participation rate of health screening(>= | Seoul(Gangnam, Songpa)
The high 25%)
Education Level(< The low 25%) & Diagnosis rates of
14 hypertension(< The low 25%) & Stress Level(< The low | Gyeongnam Uiryeong, GJeonnam Gokseong,

25%) & Diagnosis rates of hyperlipidemia(>= The low
25%)

yeongbuk(Goryeong, Yecheon, Uiseong),
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