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Abstract In this study, regional variations and factors associated with prevalence of metabolic syndrome were grasped
using GWR (geographically weighted regression) and methodologies for the efficient management of metabolic
syndrome were then set up to resolve health inequalities. Based on the National Health Screening Statistical Yearbook
published by the National Health Insurance Service (NHIS), community health survey (KCDC) and other
governmental institutions, indicators of social structural and mediation factors related to the regional prevalence of
metabolic syndrome were collected. First, the existence of indicators to measure variations in metabolic syndrome
were confirmed with the collected data by calculating the EQ (extremal quotient) and CV (coefficient of variations).
The GWR, which is able to take spatial variations into consideration, was then adopted to analyze the factors of
regional variations in metabolic syndrome. The GWR analysis revealed that severity and management of the main
causes need to be prioritized in accordance with the prevalence of metabolic syndrome. Consequently, the order of
priority in management of regional prevalence of metabolic syndrome was established, and plans that can increase
the effectiveness of management of metabolic syndrome were confirmed to be feasible.
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Table 1. Definition of Metabolic Syndrome Prevalence Index

Parameter Description of Parameter Source of data
Numerator: The number of examinees who show at least 3 out of the 5
metabolic syndrome factors below out of those who have undergone a
health check provided by National Health Insurance or medical care.

1) Abdominal obesity

National Health Screening

Rate of . Statistical Yearbook Published by

. 2) High blood pressure . .
Metabolic Syndrome 3) High blood sugar National Health Insurance Service
Prevalence & (NHIS), and 2015 Medical Care

4) Lipidemia with high neutral fats

5) Hypercholesteremia with low HDL

Denominator: The number of people who have undergone a health check
provided by National Health Insurance or medical care

Health Screening Yearbook

Table 2. Definition of Socioeconomic Level Index of Social Structural Factors

Domain Variation Factor Description of Parameter Source of data
Numerator: The number of seniors aged 65 or
Rate of senior population older
Denominator: Total population in the region
Numerator: The number of those with the level 2015 Population Census, Statistics
Rate of people with the of education at high school or lower out of Korea
level of education at high | population between aged 30 and 64
school or lower Denominator: The number of people in the
region between aged 30 and 64
Numerator: The number of wage workers who
. Rate of are hired byA other person or a company and Previous studies by Korea Centers for
Socioecon-o wage collect salarics. Disease Control and Prevention
mic Denominator: The number of workers with jobs.
Standard Rate of workers *It uses standardization rate, which applies the (KCDC, 2016))
Economic standard population by sex and age.
participation Numerator: The number of white-color workers.
Rate of Denominator: The number of survey
white-color respondents. Previous studies by KCDC (2016)
workers *It uses standardization rate, which applies the
standard population by sex and age.
Numerator: Total health insurance premium in
Health insurance premium | the region. 2015 Health Insurance Statistics
per person Denominator: Medical care-covered population in Yearbook, NHIS
the region.
Numerator: The number of current basic
livelihood security beneficiaries (recipients of
Rate of basic livelihood livelihood program or poor people).
security beneficiaries Denominator: The number of survey Previous studies by KCDC (2016)
respondents.
*It uses standardization rate, which applies
Socioecon-o standard population by sex and age.
mic 2015 Local Governments’ Integrated
Standard Financial self-sufficiency Numerator: (Local tax + non-tax revenue)*100 Finance Overview, Ministry of
(Regional Denominator: Local government budget size Government Administration and Home
factor) Affairs (MOGAHA)
Rate of
Pomqn of welfarej Numera'tor: Reglor'lal spendlng in 'soc1a1' security. 2015 Local Finance Yearbook,
social budget in Denominator: Regional spending in social
. MOGAHA
security general development.
accounts
Pel dAEFE FHE ARS FPsa a7] Slal BARE 20159 FELA AR, A%
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Table 3. Definition of Physical Environment Indicators of Intervention Factors - Physical

Environment, Health

Behavior
Domain Variation Factor Description of Parameter Source of data
Numerator: Park area
Park area per person . . . o
Denominator: Population on resident registration
Land area for sports per Numerator: Land area for sports
. person Denominator: Population on resident registration . .
Physical — - Previous studies by
. Number of sports facilities Numerator: The number of sports facilities * 1,000
Environment . ) N . . KCDC (2016)
per 1,000 persons Denominator: Population on resident registration
Number of franchise . .
. Numerator: The number of franchise convenient stores * 1,000
convenient stores per 1,000 K . . . .
Denominator: Population on resident registration
persons
Numerator: The number of current smokers who have smoked
. minimum 5 packs of tobacco so far * 100
Current smoking rate . ..
Denominator: The number of eligible respondents
* Tt uses standardization rate of local community health survey.
Numerator: The number of persons who responded they have
drunk minimum 7 glasses at a sitting for men or minimum 5
glasses at a sitting for women at least twice a week over the
High-risk drinking rate past year * 100
Denominator: The number of persons who have drunk over the 2015 Local
past year Community Health
* Tt uses standardization rate of local community health survey. Survey, KCDC
Numerator: The number of persons who have walked minimum
Rate of fulfilled walking 30 minutes a day for minimum 5 days of the past week * 100
practice Denominator: The number of eligible respondents
* Tt uses standardization rate of local community health survey.
Numerator: The number of persons who have tried to reduce or
Rate of attempting weight maintain weight over the past year * 100
reduction Denominator: The number of eligible respondents
* It uses standardization rate of local community health survey.
Numerator: The number of persons who said they have breakfast
. . 5 to 7 days k * 100
Health Rate of preventive population N . ays per wee .
. . Denominator: The number of eligible respondents
Condition on skipping breakfast

*It uses standardization rate, which applies standard population
by sex and age.

Rate of preference on
low-sodium food

Numerator: The number of persons who said they “have a bland
diet” or “have a very bland diet” or who said they “never add
more” salt or soy sauce when eating cooked food or “do not dip
in soy sauce” pancake, fries etc. * 100

Denominator: The number of eligible respondents

*It uses standardization rate, which applies standard population
by sex and age.

Rate of established food
security

Numerator: The number of persons who said their family had
sufficient, wanted amounts of diverse foods, or their family did
not have various foods while having sufficient amounts of food *
100

Denominator: Population on resident registration

*It uses standardization rate, which applies standard population
by sex and age.

Rate of awareness on
nutrition information

Numerator: The number of persons who are aware of nutrition
information * 100

Denominator: The number of eligible respondents

*It uses standardization rate, which applies standard population
by sex and age.

Previous studies by
KCDC (2016)
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Table 4. Definition of Physical Environment Indicators of Intervention Factors - Morbidity, Mental Health,
Preventive Care, Use of Medical Care

Domain Variation factor Description of Parameter Source of data
Rate of persons Numerator: The number of persons who are disgnosed with arthritis
Morbidit diagnosed with by a doctor * 100 2015 Local Community
Y arthritis by a Denominator: The number of eligible respondents aged 50 or older Health Survey, KCDC
doctor * It uses standardization rate of local community health survey.
, Numerator: The number of persons who said they “ feel extreme
Rate of people's e o S
amount of stress” or “much stress” in daily life * 100
awareness of . ..
Denominator: The number of eligible respondents
stress o .
* It uses standardization rate of local community health survey. .
Mental . 2015 Local Community
Numerator: The number of persons who experienced sorrow or
Health R R . X . . Health Survey, KCDC
Rate of people despair that disturbed their daily life for at least 2 straight weeks
who experience over the past year
depression Denominator: The number of eligible respondents
* It uses standardization rate of local community health survey.
Numerator: The number of persons who received nutrition
Rate of persons education or counseling at least once over the past year * 100
who get nutrition | Denominator: The number of eligible respondents
education *It uses standardization rate, which applies standard population by
sex and age.
Numerator: The number of persons diagnosed with high blood
Rate of persons pressure by a doctor who received education in high blood pressure
who receive care * 100
education in high | Denominator: The number of persons aged 30 or older who are
blood pressure diagnosed with high blood pressure by a doctor
care *It uses standardization rate, which applies standard population by
sex and age.
Preventive Numerator: The number of persons diagnosed with diabetes by a
Care doctor who received education in diabetes care * 100 Previous studies by KCDC
Rate of persons .
(Personal . Denominator: The number of persons aged 30 or older who are (2016)
who get education . . .
Factor) in diabetes carc diagnosed with diabetes by a doctor
*It uses standardization rate, which applies standard population by
sex and age.
Numerator: The number of persons diagnosed with arthritis by a
Rate of persons doctor who received education in arthritis care * 100
P . Denominator: The number of persons aged 30 or older who are
who get education . . .
in arthritis care diagnosed with arthritis by a doctor
*It uses standardization rate, which applies standard population by
sex and age.
Numerator: The number of persons who received the Ist national
Rate of persons .
who cet health health screening * 100
& . Denominator: The number of persons who are eligible for the 1st
screening ) .
national health screening
Use of .
. Rate of persons Numerator: The number of persons who did not get necessary
Medical . . .
Care who do not get medical services over the past year * 100 2015 Local Community

(Personal necessary health Denominator: The number of eligible respondents Health Survey, KCDC

care * It uses standardization rate of local community health survey.

Factor)
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Table 6. Correlation between prevalence of metabolic
syndrome and social structural factors

Correlation
coefficient

p -

Classification
value

Rate of senior population 0.815 0.000

Rate of people with the level of education

at high school or lower 0841

0.000

Rate of wage workers -0.712 0.000

Rate of white-color workers -0.425 0.000

Health insurance premium per person -0.760 0.000

Rate of basic livelihood security beneficiaries 0.377 0.000

Financial self-sufficiency -0.608 0.000

-0.612 0.000

Rate of welfare budget in general accounts
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Table 7. Correlation between prevalence of metabolic

syndrome and intervention factors

Classification Correla.tlon P -
coefficient | value
Park area per person 0.135 0.032
Land area for sports per person 0.326 0.000
Number of sports facilities 0.468 0.000
per 1,000 persons
Number of franchise convenient stores 0,194 0.002
per 1,000 persons
Current smoking rate 0.340 | 0.000
High-risk drinking rate 0.249 0.000
Rate of fulfilled walking practice -0.254 0.000
Rate of attempting weight reduction -0.565 0.000
Rate of preventive population on skipping 0407 0.000
breakfast
Rate of preference on low-sodium food -0.230 0.000
Rate of established food security -0.180 0.004
Rate of awareness on nutrition information -0.149 0.018
Rate of persons diagnosed with arthritis by 0446 | 0.000
a doctor
Rate of people's awareness of stress 0.274 0.000
Rate of people who experience depression -0.119 | 0.059
Rate of persons who get nutrition education -0.456 0.000
Rate of pfl:rsons who receive education in 0,061 0335
high blood pressure care
Rate of persor'ls who get education in 0143 0.023
diabetes care
Rate of persons \yho get education in 0,099 0117
arthritis care
Rate of persons who get health screening -0.320 0.000
Rate of persons who do not get necessary 0.131 0.037
health care

Table 8. Factors affecting the prevalence of metabolic syndrome - Geographically Weighted Regression

. Regression coefficient
Independent variable — - -
mean minimum value median maximum value
Intercept 22.427 21.759 22.409 22.859
Rate of people with the level of education at high school or lower 0.344 0.318 0.342 0.371
Rate of welfare budget -0.027 -0.038 -0.028 -0.014
Number of sports facilities per 1,000 persons -2.365 -6.560 -2.418 1.287
High-risk drinking rate 0.041 0.013 0.044 0.065
Rate of preference on low-sodium food -0.071 -0.076 -0.072 -0.062
Region determination factor 0.733 0.694 0.732 0.767
R-square / Adj R-square 0.756 / 0.749
Moran's (I) Index / Moran's (I) Index p value 0.070 / 0.062
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Table 9. Priority for regional management of metabolic syndrome prevalence

Group Priority

1. Number of sports facilities per 1,000 persons 2. Rate of people with the level of education at high school or lower
3. Rate of preference on low-sodium food 4. High-risk drinking rate 5. Rate of welfare budget

1

-"Seoul, ‘Incheon, *Gwangju, *Daejeon, *Sejong, *Jeju

-Gyeonggi-do “Suwon, *Seongnam, Uijeongbu, *Anyang, “Bucheon, Gwangmyeong, Pyeongtaek *Ansan, *Goyang,
Gwacheon, Guri, Namyangju, Osan, Siheung, Gunpo, Uiwang, Hanam, *Yongin, Icheon, Anseong, Gimpo, Hwaseong,
Gwangju, Yeoju, Yangpyeong,

-Gangwon Wonju, Taeback, Samcheok, Hoengseong, Yeongwol, Jeongseon

-Chungcheongbuk-do Chungju, Jecheon, *Cheongju, Boeun, Okcheon, Yeongdong, Jincheon, Goesan, Eumseong, Danyang,
Jeungpyeong

# mﬁ l?zilons -Chungcheongnam-do *Cheonan, Gongju, Boryeong, Asan, Seosan, Nonsan, Gyeryong, Dangjin, Geumsan, Buyeo,
’ Seocheon, Cheongyang, Hongseong, Yesan, Taean
-Jeollabuk-do *Jeonju, Gunsan, Iksan, Jeongeup, Namwon, Gimje, Wanju, Jinan, Muju, Jangsu, Imsil, Sunchang, Gochang,
Buan
-Jeollanam-do Mokpo, Naju, Damyang, Gokseong, Hwasun, Jangheung, Gangjin, Haenam, Yeongam, Muan, Hampyeong,
Yeonggwang, Jangseong, Wando, Jindo, Sinan
-Gyeongsangbuk-do Gimcheon, Andong, Gumi, Yeongju, Sangju, Mungyeong, Uiseong, Yeongyang, Yecheon, Bonghwa,
Uljin
5 1. Number of sports facilities per 1,000 persons 2. Rate of people with the level of education at high school or lower

3. Rate of preference on low-sodium food 4. Rate of welfare budget 5. High-risk drinking rate

-*Busan, *Daegu, *Ulsan

-Jeollanam-do Yeosu, Suncheon, Gwangyang, Gurye, Goheung, Boseong

# of Regions | -Gyeongsangbuk-do Pohang-si Nam-gu, Pohang-si Buk-gu, Gyeongju, Yeongcheon, Gyeongsan, Gunwi, Cheongsong,
1 69 Yeongdeok, Cheongdo, Goryeong, Seongju, Chilgok

-Gyeongsangnam-do Jinju, Tongyeong, Sasheon, Gimhae, Miryang, Geoje, Yangsan, *Changwon, Uiryeong, Haman,

Changnyeong, Goseong, Namhae, Hadong, Sancheong, Hamyang, Geochang, Hapcheon

1. Rate of people with the level of education at high school or lower 2. Number of sports facilities per 1,000 persons

3 3. Rate of preference on low-sodium food 4. High-risk drinking rate 5. Rate of welfare budget
f Regi
#o . zglons -Gyeonggi-do Paju, Yangju, Gapyeong, Gangwon-do Donghae, Pyeongchang
4 1. Rate of people with the level of education at high school or lower 2. Rate of preference on low-sodium food 3.

Number of sports facilities per 1,000 persons 4. High-risk drinking rate 5. Rate of welfare budget

# of Regions

1 -Gyeonggi-do Dongducheon

1. Rate of people with the level of education at high school or lower 2. Rate of preference on low-sodium food 3.
High-risk drinking rate 4. Rate of welfare budget 5. Number of sports facilities per 1,000 persons

# of Regions

1 -Gangwon-do Hongcheon

1. Rate of people with the level of education at high school or lower 2. Rate of preference on low-sodium food 3.
High-risk drinking rate 4. Rate of welfare budget

-Gyeonggi-do Pocheon, Yeoncheon,
-Gangwon-do Chuncheon, Gangneung, Sokcho, Cheorwon, Hwacheon, Yanggu, Inje, Goseong, Yangyang,
-Gyeongsangbuk-do Ulleung

# of Regions
D12

* indicates a city that includes the entire region of corresponding city.
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Simulation for regional management of metabolic syndrome prevalence

[ Selact Region | JongroguSed -
Cme1 | Cosa2 | Case3 | Cosed | CsseS | Casef | CameT | Cased | Cased | Caset0
Selact Region nﬂthm.__._._‘_.:;-..-..-.;-.;-.;-.;-.
Rats of paopls with the lessl |
of sduastion st high school 1158
o lerwenr
st of weelfare buciget 33,190
MNumber of sports facilties
Factors per 1,000 parscns 0.005 |
High-risk drinking rate 17.600
Rastm of presierancs on iow= |
sodm food am
Provalance of metsbaollc syndome 58

Fig. 3. Developed simulation tool for management of metabolic syndrome prevalence

= HE, 19 STE0] EEF AT FHEEC 4.2 LHAIESE R SYHE 2| A|IE3|0|M
Edon, B4k vl g, A7 AHG AFAAE F, A 421 AMS 0|25 A|SH0|M =7 o
FHE o] FEFE ST FHEC] & 308 A 71 8RN A nE0w B85 1)e,
EARE A Ao} 0] &, AT HEF ALAA 5, 1P ST,
AGHTE 29102 FAH F 25279 X9 3R
Fol 21zgol wel 25270 A4 871y AAE ol
4. X9 AISEZE RYEE e gato] Aoje) waAly weAEel &4 BeT 5
RS AUS o83 Ay EEE F9E B
41 tAE2Z RYEE 22| 2M=4 AEH o)A =12 Aarsict
AEF 7k 3R A 2527 A E aEmnt Fig. 3 7 Al Bgo]d =3¢ 3hH-S vhepdith
WEFE UL, BAE WG, AT AET AL 9 HedA g ATTE e 3 owsh, Wik
T, AR ETE, AN ER 2ol 57} 8919 H9 o] nEUT wSS5E HlE, AR v, QT 1Y
A7k AT A9 7F akle] SAATE ©18 g AN F n9PSTE, AdMs L] wald 7t
slof A9 Al 8 E A pAwdE A o ea g Al AEH b 89 2yl o
om, ofe Table 99 o] 670 HEAH IFOE @ Wy galEEs FHE o] Ewd.
el
Table 10. Simulation results of metabolic syndrome prevalence in Yeongwol of Gangwon-do
Classification Results in 2015 ( A(Z_asil})/) ( Acfsi;’ %) ( Ac_asflg(y)
— 0 - 0 — 0
Rate of people with the level of education at high 30.872 30.563 29.328 27.476
school or lower
F Rate of welfare budget 18.110 18.291 19.016 20.102
actors Number of sports facilities per 1,000 persons 0.051 0.052 0.053 0.057
High-risk drinking rate 21.100 20.889 20.045 18.779
Rate of preference on low-sodium food 40.000 40.400 42.000 44.400
Dependent Metabolic syndrome 37.065 36.918 36.332 35.453
variable
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