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Abstract The purpose of this study is to analyze regional variation factors of hypertension treatment rate
in COVID—19 based on the analysis results based on ecological methodology. To this end, data suitable for
ecological analysis were collected from the Korea Centers for Disease Control and Prevention's regional
health statistics, local government COVID—19 confirmed cases, National Health Insurance Corporation,
Health Insurance Review and Assessment Service's welfare statistics, and Korea Transport Institute's traffic
access index. Descriptive statistics and correlation analysis were conducted using SPSS Statistics 23 for
regional variation and related factors in hypertension treatment rate, and geographical weighted regression
analysis was conducted using Arc GIS for regional variation factors. As a result of the study, the overall
explanatory power of the calculated geo—weighted regression model was 27.6%, distributed from 23.1% to
33.4% by region. As factors affecting the treatment rate of hypertension, the higher the rate of basic living
security medical benefits, diabetes treatment rate, and health institutions per 100,000 population, the higher
the rate of hypertension treatment, the lower the number of COVID—19 confirmed patients, the lower the
rate of physical activity, and the alcohol consumption. Percentage of alcohol consumption decreased due
to COVID—19 pandemic. It was analyzed that the lower the ratio, the higher the treatment rate for
hypertension. Based on these results, the analysis of regional variables in the treatment rate of hypertension
in COVID—19 can be expected to be effective in managing the treatment rate of hypertension, and
furthermore, it is expected to be used to establish community —centered health promotion policies.
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Table 1. Local COVID—19 characteristic variables

Division

Variant factors

Definition

Source

The status of COVID—19
confirmed.

Number of COVID—19 confirmed
cases (persons)

The cumulative number of COVID—19 confirmed cases from
January 2020 to December 2020 by city, county, and district.

Each jichache
information, visit
(2020)

Social distancing (or distancing in
daily life)
Practice rate (maintaining a healthy
distance) (%)

Staying healthy

The percentage of people who have practiced social distancing (or
distancing in daily life) rules (maintaining healthy distance) over
the past week (%).

Due to the COVID—19 epidemic,
physical activity has decreased. Ratio
(%)

There was a detailed daily life changes due to the Corona 19
(reduced physical activity.) high fraction of the person who
responds (percent).

Corona 19 daily life due
to changes

Reduced drinking epidemic in
Corona.Ratio (percent)

The percentage of people who responded that there was a
detailed change in their daily lives due to the COVID—19 epidemic
(reduced drinking) (%).

Smoking has decreased due to the
COVID—19 epidemic. Ratio (%)

The percentage of people who responded that there was a
detailed change in daily life due to the COVID—19 epidemic (the
number of smoking decreased).

Psychological effects of
COVID—19.

The percentage of concerns about
infection caused by COVID—19 (%)

The percentage of respondents who said they had psychological
concerns (concerns about infection) due to the COVID—19
epidemic (%).

Centers for
Disease Control
Office, District
Health statistics

(2020)

Table 2. Sociology of population in the region of the characteristic values.

Division Variant factors

Definition

Source

The elderly
population

Percentage of the elderly aged 65
or older (%).

The number of people aged 65 or older/the total
number of peoplex100 by city, county, and district.

Status of resident registration population|
of the Ministry of Public Administration
and Security(2020)

(percent) less than high school school

Academic career .
graduation rate.

The number of students undergraduate, junior high

community health survey subjects by city, county,

Raw data for community health surveys
by the Korea Centers for Disease
Control and Prevention (2020)

graduate, high school graduate, and

district*100.

Medical benefit | Percentage of recipients of basic

Recipients of basic living security medical benefits by

Welfare statistics of the Korea Social

recipients living security medical benefits (%).| city, county, and district/total population*100. Security Information Service (2020)
. . . . . Regional medical care of the National
Average health insurance premium| Health insurance premiums by city, county, and s .
Income Health Insurance Service.

per person (KRW).

district/applied population (person).

Usage statistics (2019)

Table 3. Characteristics of local health behavior.

Division

Variant factors

Definition

Source

Healthy behavior

Annual high—risk drinking rate

of drinkers (%)

Among those who have drunk in the past year, the percentage of those who drink
more than 7 glasses (or about 5 cans of beer) for men and more than 5 glasses
(or about 3 cans of beer) for women at least twice a week (%)

Obesity rate (%)

Among smaller cities and body mass index (m’ and kg) of 25 or more, the fraction
(percent).

Walking practice rate (%)

The percentage of people who have practiced walking for more than 30 minutes
a day for the last week by city, county, and district for more than 5 days a week
(%)

Physical activity practice rate
of moderate or higher (%)

The percentage of people who have practiced intense physical activities for more

than 20 minutes a day and more than 3 days a week for the past week or who

have practiced moderate physical activities for more than 30 minutes a day and
more than 5 days a week (%)

Healthy life practice rate (%)

The percentage of people who practice smoking cessation, abstinence, and walking
by city, county, and district (%)

Good health level recognition

rate (%)

The percentage of people who responded "very good" or "good" to the subjective
health level by city, county, and district (%)

Mental health

Stress recognition rate(%)

The percentage of people who feel "very much" or "a lot" of stress in their daily
lives by city, county, and district (%)

Depression experience rate

(%)

The percentage of people who have experienced depression (sadness, despair,
etc.) that has hindered their daily lives for more than two consecutive weeks over
the past year by city, county, and district.

Chronic disease

Diabetes treatment rate(%)

The percentage (%) of people aged 30 or older diagnosed with diabetes by doctors
in cities, counties and districts who are receiving insulin injections or diabetes
drugs (oral hypoglycemic drugs) to manage blood sugar.

Regional Health
Statistics of the
Korea Centers
for Disease
Control and
Prevention
(2020)
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Table 4. The characteristics of local medical supply.

(beds)

Division Variant factors Definition Source
The number of health institutions per |Health centers, public health centers, health centers, branch offices,
100,000 people. and health clinics/total population by city, county, district*100,000.
The number of hospitals per 100,000 The n}lmber of senior genera} hospitals, geqeral hosyltals, hospitals, National Health
clinics/total resident registered population by city, county, .
people. district#100.000 Insurance Service,
Supply to - T Health Insurance
medical . . . . Review and
L Thy 1 f hospital S sing homes by city, v,
{nstitutions. | Number of beds per 100,000 people e total number of hospital beds in nursing homes by city, county Assessment Service

/ Total resident registration population*100,000.

and district.
Health Insurance

Statistics (2020)

The number of doctors per 100,000
people (name)

Specialists in nursing institutions by city, county, district, general
doctors, residents, number of intern doctors/total resident registration

population*100,000

IBM9] SPSS Statistics 23 2138 o]&3}] 7]
ST, FTEA, Arc GIS9] ArcGIS pro 2.6.0 Z2
a9E &8st T A7) 24 (Spatial
Autocorrelation, Global Moran’s 1), X84 7} 3
A4 (Geographically Weighted Regression, GWR)

& AT,

2.3.1 71&EA

SEL9eM o] ek A 5ge] A9 oS
T3] Sl A9 7F WolpES vhetelal, WelgE
S =A37] 93k A %<1 EQ(Extremal Quotient) 2
CV(Coefficient of Variation) #< AAIBHATE 3
AT A A9 dubAR] 548 ety
A&l 71 AE ArlE

2.3.3 XA 7t5 3

(Geographically Weighted Regression)

A 715 3| AEAL I o R 2% 91%2] AL
2

AArS AR 3& 7 AL glon, ol &34 o

() = By; )+ By, ey, + 8o, (e oy +-+ B, () )z 6 ()
(2)
Where. a yi Dependent variable at point I, a xMi
M independent variable at point I, a P
parameter, a €i Error term at point i, a ui spatial

coordinates of point I
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Table 5. Interregional variation of hypertension treatment rates.
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Table 6. The characteristics of COVID—19 in the region.
Variables N minimum maximum median mean SD
The status of 8 MTD—
COVID-19 Numberl(‘)’é Sggf‘rme‘i COvV I(D 19 “a)ses 228 | 0.000 | 1862.000 | 104500 | 264.254 | 351.676
confirmed. per , population (persons
Staying healthy Social distancing (or distancing in daily life) 228 | 67.200 99.900 96.350 | 95.346 4586
Practice rate (maintaining a healthy distance) (%)
Due to the COVID—19 ep1dem14c, physical activity has 298 7,300 70.500 51.950 19795 11.270
decreased. Ratio (%)
Corona 19 daily life| poy coq drinking epidemic in CoronaRatio (percent) | 228 | 13.600 | 70.200 | 42.650 | 42.821 | 10.116
due to changes
Smoking has decreased dug to the COVID—19 epidemic. 298 2.800 52100 16.550 18.662 10.152
Ratio (%)
Psychological . .
effects of |1 1e percentage of E‘gl\?le];{slgb‘(’;t)mfe“m’n caused bY| 9oq | 46,100 93.000 68.050 | 68.148 6.494
COVID-19. :
# N @ Region Number, SD : Standard Deviation
Table 7. Demographic and sociological characteristics of the region.
Variables N minimum maximum median mean SD
The elderly
. Percentage of the elderly aged 65 or older (%) 228 8.824 42.812 20.638 22.841 8.684
population
an academic career |Percentage of high school graduates or younger (%)| 228 28.743 90.455 70.546 69.767 12.436
Medlcgllbeneﬁt Percentage of reC}plents oflbasm living security 298 0.573 3.217 3048 3.930 1.439
recipients medical benefits (%)
Income level Average health insurance premium per person (KRW)| 228 61,588 200,867 92,678 96,591 23,388
# N @ Region Number, SD : Standard Deviation
Table 8. Characteristics of local health behavior.
Variables minimum maximum median mean SD
Annual high—risk drinking rate of drinkers (%)| 228 7.000 29.200 15.550 15.861 3.968
Obesity rate (%) 228 20.100 43.500 31.200 31.360 3.449
Walking practice rate (%) 228 14.200 82.000 37.050 37.851 10.962
Healthy behavior o . .
Physical activity practice rate of moderate or 298 9.100 62.400 19.750 21547 7977
higher (%)
Healthy life practice rate (%) 228 9.700 62.100 26.400 27.607 8.513
Good health level recognition rate (%) 228 38.600 79.400 55.550 56.278 6.481
Stress recognition rate(%) 228 6.200 36.100 25.950 25.625 4,932
Mental health
Depression experience rate (%) 228 0.400 11.800 5.700 5.535 2.207
Chronic disease Diabetes treatment rate(%) 228 52.500 100.000 91.650 | 89.666 | 7.311
treatment

# N @ Region Number, SD : Standard Deviation
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Table 9. The characteristics of local medical supply.

Variables N minimum maximum median mean SD
The number of health institutions per 100,000 298 0.000 370.110 56.940 61.917 36.067
people. : : : ! :
Supply to
medical The number of hospitals per 100,000 people. 228 0.174 119.604 8.110 23.346 28.100
institutions. Number of beds per 100,000 people (beds) 228 0.000 6803.906 1325091 | 1512112 | 980.826
The number of doctors per 100,000 people (name) 228 40.769 1700.891 143.894 192.845 198.170
# N @ Region Number, SD : Standard Deviation
3.1.5 A9 53w 54 Table 10. The characteristics of COVID—19 in the region.
= o‘j:,Loﬂ/\ 9] T —1‘:]1@' X]Q 9]—-':?'—%1—} ET@T% ﬁ].g]—g]. Classificati Correlation val
o)) 3. 3L TN = o assification coefficient | PVA1¢
7] 3 =1 FHY Tl AE AAE e, Z4
— . Treatment rate for hypertension. 1
Wy G ke Table 99 2t} o879 T32] — :
o o) } ok B A7 T 2 o] o} ¢ status o Number of COVID—19
2 21910 HA7H F 61.917, 21109 | CO\fID—lde) confirmed cases (persons)| 0148 0.026
confirmed.
% tg%_/': 23.346, ?l:[LIOU]' % tg/g—_/': 1512.112, ?l Social distancing (or
=ho8 B 5] 9 istancing in daily 1
T10% B oAb 192.845% FAH AT Staying healthy| , distancing in daily life) 0.063 0.345
Practice rate (maintaining a
healthy distance) (%)
3.2 X9l 180l 2880 TS ujx|= Qo Due to the COVID—19
1999 1Sk A sl FI= v 21 epidemic, physical activity| —-0.243 | 0.000
= has decreased. Ratio (%)
321 A% ;b9 B4 aolste] guaA [ :
~ B life due to Reduced drinking epidemic —0.141 0.033
29H 18t A58} A QQ1Eo] ATHEAlS A lcehanieeso in Corona.Ratio (percent) ’ ’
19 25 Table 103 o] st Az B0 g st l | e
= frogh(p<0.05) Fof FHeAll Jde Axe TR Ratio (%)
;g].x bﬂg].o EA A2} 2=(—0.148), F= Psychological |The percentage of concerns
19 b /] - L} 19 =< ]— T ’ )’ - L} effects of about infection caused by 0.117 0.077
192 <13l A H3lelm R 9 F oz AlASE COVID—19. COVID—19 (%)
ATk HE(-0.243), TZ9 FaP oz &5 90Tt
o (— ;g].x HkA] o] o= . . . ..
HlE(-0.14DE HYERdth S sRiah B go] was, Table 11. Demographic and sociological characteristics
F2U19RE 13 AAFE, 55 EAQU vlEo] ¥4 of the region.
S(QPAT W} YeFH) P A fo] L A Corrtation
Classification coefficient p-value
o7 eyt
Treatment rate for hypertension. 1
- The elderly |Percentage of the elderly aged -
3.2.2 X]Oﬂ-/] o]?‘/\]'ﬂz]' Z] ’LET/KJ 8-?134'9] %%}1&74] population 65 or older (%) 0184 0.005
oF % 93l 7} QO)E=0] AFFEA]O. AIX an academic Percentage of high school -
A LS AsEt 7 8915 e] Rk dA career graduates or younger (%) 0.325 0.000
- R
t‘s_} @-ﬂ]' Table 111]’ %LO] —T’—g?:l ]—-':J'—Ei]' %ﬁ]leg_g Medical Percentage of recipients of
~ f 5 benefit basic living security medical 0.231 0.000
%—‘ﬂt&(p<o.05) o] Aol Qi A wlQ | bl ing security
(e] S S a=
9] 654 w9191 H]£(0.184), st o] 53w £¢ Income level | AAverage health insurance 0267 0.000
_ - . ium per person (KRW) ’
o]a} Hl%(o.325) olg o] FFAte] 72 AABRA 9 premium per p
B3] FEA BIE0.23D = Yebgth nde A8s
I} BAH R Fol3H(p<0.05) &) Aol Y A 3.2.3 Xl‘”u A7 54 aflae]
= 25Te] 19] Fat AFRAR(-0267) = vFebsk Aol 18 Ans3} 2 2959 ATEAG AN
S, =01 8, S gl e eSS A& @ @1} Table 129} o] 13 X287 A=
Sawel vheTs adeh Angel gtk 21 3H(p<0.05) o] FHTA Y= A3 A7y
i

o] AEFA] 1Y EFEO.
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X 8(0.146), THIAS X 72] Yy XFE(0.179)=
vebdth, 8k A5E&3} A o2 72l TH(p<0.05)
=9 Aol JE Axe A E 2714dE
(=0.195), AZAZERE(-0.184), BA07] ~EH
2 QAE(-0.220), 5-&7F AHE(-0.298) = HESiT
=, 277 $A4 FSFF (AT 1 H S
F&, A7NARE, ARG AA G HEFF), YT
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Table 12. Characteristics of local health behavior.
Variables (c:girf?ilfitigrtl p-value
Treatment rate for hypertension. 1
Annual high—risk drinking rate 0162 0.014

of drinkers (%)
Obesity rate (%) 0.102 0.125
—0.195 0.003

Walking practice rate (%)

Healthy

behavior  |Physical activity practice rate

005
of moderate or higher (%) 0.051 0.446

Healthy life practice rate (%)| —0.184 0.005

Good health level recognition

rate (%) 0.146 0.028

Stress recognition rate(%) —0.220 0.001

Mental health | pepression experience rate

(%) —0.298 0.000
Chronic
disease Diabetes treatment rate(%) 0.179 0.007
treatment

)
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Table 13. The characteristics of local medical supply.

Variables Corre} aF on b
coefficient | -value
Treatment rate for hypertension. 1
The number of health
institutions per 100,000 0.229 0.000
people.

The number of hospitals per
100,000 people.

Number of beds per 100,000
people (beds)

Supply to
medical
institutions.

—0.178 0.070

0.054 0.413

The number of doctors per

100,000 people (name) ~0.119 0.073

713 47(0.229)2 YERT) =, 9857138 5] FL25
A A w

F 3
(o1109 M BAVH 7 BE4E)
|

=
=2
o] U

3.3 FRUHG0IAe] TS} Argo] #1d 7F wo

1=
a9l ¥4

—_

331 P8 gk A o] B A1 B
(Spatial Autocorrelation, Global Moran's 1)

AGE frolsk F34 A7)dAaATE vk
oo XA, T3 EAE wkdek AEA Tk 3l
XS T ZR2U94A ] n¥Y A =& A 7H
Hol @91 w43k Zlo] Fashel ) Fig 29} o]
74 2714334 Global Moran's [ 2 #24135}%th
T AE5go] AP FxE B 1Y A=mES
A9 2 L des G AU

& A9 1 TPk Y A0 veht
ARge FHH0R 2AT R B B AASS
FARE S TP A G B o4 EE

Moran’s Index : 0.108829
Z-score : 4.223757 mm
p-value : 0.000024

T
AN

Random Clustered

Fig. 2. Spatial Autocorrelation, Global Moran’s [

3.3.2 A4 715 3]71%2(Geographically Weighted
Regression, GWR)
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Table 14. Analysis of Related Factors of Regional
Variation in Diabetes Treatment Rate.

Regression coefficient

Independent variable

minimum & maximum
mean value median value The COVID—19 epidemic has Percentage of recipients of basic
reduced drinking rate (%) living security medical benefits (%)
Intercept 87.532 85.973 87.353 89.928
Number of COVID—19
confirmed cases —0.034 | —0.608 | —0.093 0.850

(persons)

Physical activity
decreased due to the | _ _ _ _
COVID—19 epidemic rate 0.038 0.070 0.039 0.012
(%)

The COVID—19 epidemic
has reduced drinking | —0.012 | —0.067 —0.011 0.020
rate (%)

Percentage of recipients
of basic living security | 0.363 0.277 0.366 0.430

medical benefits (%) The number of health institutions

per 100,000 people.

Diabetes treatment rate (%)
Diabetes t(r;a)tme“t ratel 9073 | 0058 | 0071 | o.089
0

Fig. 3. Spatial distribution of Local R—square

The number of health
institutions per 100,000 0.006 —0.007 0.005 0.015

people.
4. 1=k
Local R—square 0.260 0.231 0.258 0.334 - L |
R=square 0.276 / 0.209 )
/ Ad R-sauare 2 Qe ey o] 438 AR dolHg
Moran’s(I) 20200 AW A 7‘]9%‘2170‘%74, 7y A AA FH o] A
Index/Moran’s(I) Index p 0.108/0.000 _ o . )
value =9 44 @3, FNAZRH Y, DRI}
AUAEA, BFAN AR B
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