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Abstract

This study is intended to identify health inequalities in Seoul and individual and regional factors affecting the health
of the city’s residents. The study focuses on opportunities to access health infrastructure on a universal basis in a way
that can directly or indirectly affect the health of local residents. The unit of analysis was a space where the locals use
physical facilities and live their daily lives, and the analysis focused on a representative small-area community. As an
indicator of health level, it was set as a major chronic disease, which is a practical health indicator of current residents.
First, the serious degree of health inequalities between administrative districts in Seoul as measured by the Small Area
Estimation indicates both the need for diagnosis of health indicators and specific solutions at the microscopic spatial level.
In addition, a comprehensive multilevel examination of individual and regional factors affecting health indicates that the
lower the individual's socioeconomic capabilities, the higher the probability of chronic disease prevalence. Inappropriate
health behaviors such as smoking and obesity are also associated with a higher probability of chronic disease prevalence.
Conversely, the higher the socioeconomic status of the region, the lower the probability of prevalence of chronic diseases.
In particular, access to public sports facilities was found to have a significant effect on health level. This indicates that
the problem of health inequality can be solved by providing equal access to health resources. The results of this study
underscore the need to diagnose health indicators at a microscopic spatial level in order to establish specific and effective
policies for the health of local residents. The study is also significant by suggesting what direction local health resource
supply should take to resolve health inequality.
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2ot I 2AE F 18Y B Bl tiR oAt
A A F F2 vl 58 A 719 5= A7k
o TEY B Py T 8L o)l g Aek Aol UE 7
18] @& 7R ol ag k=1, 234 §th=0)9] 32 7t
Ak, MY 22 SR 34 A9 e 9 ARIEA
A S48 vehle SEAR Y, 9%, BesE A, 712
AR AR, B3 A9 SR dHsc ol
S (DT 948(0), A2 1) BIS(19-44A), 2) FE3
(45-65A), 3) =A3(654] old) o2 EFsIAct. AP 1) A
A(HE)A, A7 D BRAFARL, AREFARAD, 2) AulAgufz]
(MEIAFARL, BaiFARAD, 3) 7152 (5 d - oI9FAR,
71ed 2 BRA7ISFARE A, 7IA2Z ) 2RAFAR, g
ERFARD, 4) 71K, FR)E R8Ik #8422 1)
Tk M-8, 2F 0|9}, 2) 2F of3t, 3) HiE olFe2 BER
8to] W8 ISt 183l A7 slet STt WaeEe o
A AT HES S8 A1 499 7 &2, &5 AR

Type Definition
Kttt Medical institutions equipped with facilities necessary for doctors to examine and treat patients and sickbed that
P can accommodate 30 or more patients, such as hospitals and general hospitals (except for dental hospital)
Clinic A medical institution in which a medical doctor provides medical services primarily to outpatients
Park Neighborhood park (including children park and small park)
Public Sports Specialized sports facilities, lifetime sports facilities, and workforce sports facilities (except for golf course and
Facility small playing field)
Elderly Welfare If T ——— h hobbi e
Facility Welfare centers for the elderly and senior citizen centers that support hobbies and welfare programs

Culture Facility

Public library, local library, community center, and local culture center

River Waterfront space

Source: Public Data Portal
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Table 2. Variables and Data Source
Type Variable Definition Data Source
Dependent Variable CHRO Pr_evalenc_e of Chronic Disease (Hypertension or diabetes)

(1=yes, 0=n0)

SEX Sex (1=male, 0=female)

AGE1  45-64 years (1=yes, 0=no, basement: under 44 years)

AGE2  over 65 years (1=yes, 0=no)
over elementary school graduation ~ under highschool

EDUT  graduation (1=yes, 0=no, basement: under elementary

. school graduation)
Ecological and
socioeconomic EDU2  over undergraduate (1=yes, 0=no)
Independent status Jog]  Service or sales job (1=yes, 0=no, basement: office Community Health Survey
Variable worker) (2020)
(1 ITeyel: JOB2  Production or technical job (1=yes, 0=no)
Individual) !

JOB3  Soldier or no job (1=yes, 0=no)
Recipient of national basic livelihood guarantees (1=yes,

REC
0=no)

SMO Smoking (1=yes, 0=no)

DRI High risk drinking (1=yes, 0=no)

Health behavior

ACT No physical activity (1=yes, 0=no)
WEI Inappropriate weight control (1=yes, 0=no)
OPH Ratio of one person household (%)
Socioeconomic : = Census Korea
condition OLH Ratio of homes older than 20 years (%) (2020)
SHC Ratio of homes under 60m?(%)
HOS Accessibility of hospital and clinic (m) Seoul Open Data Square (2019)
independent PAR Accessibility of neighborhood park (m) Park of Seoul (2019)
E/;‘Eabl? PSF Accessibility of public sports facility (m) Seoul Open Data Square (2019)
evel:
Dong) Accessibility of i e Statistics Korea (2020), Seoul
living WEL Accessibility of elderly welfare facility (m) Open Data Square (2020)
infrastructure - : -
National Library Statistics
cuL Accessibility of culture facility (m) System(2019), Seoul Culture
Foundation (2019)
WAT Accessibility of river (m) Ranoral Ceagrapiie

Information Institute (2020)

5 AT2AN AT WeE ARSI ofuf A7l of
g 2 A= A QAR EA] AR o] Farste] RSt
o FAE A EUE ok A2 BA 51 ol mpleHA
FATAMY E= 7HE #8)& Al ol (agt=1, 237
drh=02 FoPBigltt. SFe AP SF A2 FT 19 F
ok 9] AR olA] A TRHOIRE 53) oldE F 23] 9|
A oAl g AR O P =1, 232 gh=0)'2 oI5}
Ak, AARES FT 1579 B2t WAR Fo) vl ASAY
0| Wol 712 AR AAIZES 19 20 o1, F 3% o] 4
AsAY, BaE 8] 25 FE7Y g0l I 7RE 5=
AAEE-E 19 308 ol F 59 ol AMsh=A] o35 uig
o2 AAH v R agrk=1, 2FA grt=0)2 Fs}

ek AF2EE BMIAAZAS) 52 viges 25 ol
B¢ FAAR AlF2dz udsie] FAAY AF2d 4R
Fob=1, 24 gth=0)'= 2433k

theo 2 A9 52 B T A9 A2gA A 54L& ve

£ HEEE 0199 A7FEF2A HolE S F3 29 19
7RIS, P E| R, AYFEEIRE S Ee A
o] 283 EA4ole FUE2 A4 Ao R adE= A
g lzeiel e, AgUTY, FEASAE, RUEAAA,
TR, SR diRt WA 7131E W At st
Aol ozt H2AdE AL U A F2A Maee S oM vE
Y2 242 S8 =S AA SN A7 S| B R 2
A2E o183kt
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2 dFollA BA48arA sk A% &0 982 A= A
I Ay EAL A2 HE 59 E4EHE 71 ot A%
IARHL 7 S Y SHAE 7HEs] diEgel 22 Y
35H 9L U= AUEY AR F2E 7 E AAH AEE
AR T wioll= A3skA] gt wEkA ol2R YAIE 7}
A A2E 24317] S8l AAet 2P thF2PE AMESto]
A% §9], & 979 T84 MY 27 &0l 0 1
9] o] BEF 7= WA EY E= T) 78 o7
o]7] fgo] HF2d F 2ALH tF2F(Logistic Multi-
level Model)& o]-8-gtt},

B4Z A Al @AE 2A o|FoXd, A A obE 4
YR, E EUSHA YL 27 AeyPuE T3 F2U 2y
(Unconditional Model)& 53] |92 £42] z}o|7} 7[91¢]
7% ol e vAAL A AFeC) ol FAaTe]
TATE LR Og5Ry A8 AEE Bddic F=24
22 k3 4] (5)2F 2t

1level: ¥;=8,+e; €;~ N0,0%) )
2 level: Bo; =0+ tg;> ug; ~ MO, 7)

nzA 2y 4uE viglo 2 WA LR F%(Likehood-ratio
test)}& B3 AGeEo] 7Rl A&l FAAHCE [-9u|
3 P v A=A FRIg, E3 HA BEE EAHr+a?)ollA
A9 7+ BAiKr)o] 2HA8k= ¥l&9] ICC(Intraclass Correla-
tion Coefficient) gt& =234 ot o|F &3l 7191e 1%
T HA EZoA 2 %7t 7o antolw, E %7} X%
FIRIR] A7} =0 gt XY £ J3Fe] v &S e
U}, ICC #0014 1 Alo]9] ghe 71R]A] Het,

thoaes SYHHLEY tEaAAgS WA ERITH &, 72
A BYo] FHUFE dYshs SHHUsE T RA B2
H(Conditional Model)}& B3] SRS G932 Felsic},
24 BYP2 A 7] Bz FAE 29 12 Ao 7Ql
TE9] EAWE ZFAA U A7l Al IS 4T
t}, 29 2= Aol 7iQ 2 A E0 4L 2R £F
AlA 7Rl A7del| n]A]= P& BAR. 53], 2 AolA
+ A9 F£o FAaN7 Ut EAs: YodHRY
(random intercept model)& 7|¥te.E Th3-E S F43519]
o}, Yo EHR L B G AHANE EH 7]&7 =245
& A 7 TUe AL 7Ptk P08 UNHAoR TS
9] 20419 tolof 1 FIRS BelEkarat o uf ARgEHT
(2l 784, 2016; BHA9, 2019). oo Y Qze} N #E
B3PI Relof] 2310 BAg) 718 412 k9] 4 (6),
4] (7)7} 2,
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1-level : L

®6)

(m;= j X1l 7N 0] 2R, v, j AFolA A 7t 5
8 WERE 7 g, Gy M E0llMe EH, X A
A 2ollA j A, AR i) Ao, gy 7HY sEollAl
AgRis2] AAE 2fv))

Goj =Yoo+ oo Wi+ Vo + -
+’}’uQWﬁ+‘“uj

2-level : ey~ M0.7) @)

Bei =m0

(oo A% $EAA 0 A, w, = A $E0lA j 1199 4
G2, ol A RN APRL] HAAAE, wis | A9
o] Q2 ou)

B 7] ATRae 4 )32

;= Boj + By SEX+ 0 AGE1+ 33, AGE2
+ 3, EDUL+ 3, EDU2+ 3, JOB1
+ 87, JOB2+ 33, JOB3+ Gy ;REC (8)
+ B,y SMO+ 6, ;DRI+ 6,, ACT
+ By5; WET

1-level :

ﬁﬂj =Ygo T Y OPH+ 75, OLH 73, SHC
+ You HOS+ Yy PAR +yo PSF

'-'Q,‘""MOST)

V.

i

M 2o
1. MEA| 218 285 Y

202081 A4l BPFE F8 WIES FHES AR
Hog SRIFH Aute] 7|2 FAFS (& i} Zon A
BEE (Od DI Zo] yehdt, 24 AnE AA8] Aw Rt
H, WA APFAFANE S494%50.03966), F4H6F
(0.04036), HFHE2E(0,04676), 7NE1%5(0.06144), H5(0.06524)
X2 F0 AR FHECl WA Yeen £4%
(0.50977), AA13-4%(0.49061), AF55(0.43932), X ZEF
(0.43180), ¥¥1%5(0.43002) +=A2 A YebdT), SFF
& A 50.05988), 3-2-5(0.09031), 94H5(0.09077), B
E50.09256), A10(0.09887) A1 2 T AT fHEC] 2
e s 2R 250.53069), HHE]E(0.43042), °ol&2%F
(0.42334), 4912%5(0.42157), ©JE]H150.40989) A= #7
yerstct, S35 S0150.05968), H-2-50.09044), &
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(c) Composite estimator

Figure 1. Prevalence of Chronic Disease (Hypertension or Diabetes) based on Small Area Estimation in Seoul

Table 3. Descriptive Statistics of Small Area Estimation

Type Avg. S.D. Min Median Max
Direct Estimator 02397 00797 00397 02329 05098
Synthetic
Estimator 02507 0.0668 0.0599 02491 0.5307
Composite
e 02502 00665 0.0597 02480 05296

AH50.09093), BEEF0.09262), A-E(0.09905) A= F
2 3 EEC] WA Ueton SX2%0.52954), BF
2]%50.42626), ©1&2%5(0.42309), A$12%5(0.41992), °lEj¥1F
(0.40985) =41 2 A Lebgch,

Al 71 el A FBA o2 YA ElA 7P B T
A% FHES Hol Yt 7Y w2 TAS A EAME
QP 245, I3 B3Pl e SA2E
oA bt 213l AEAl TS FHES Ha
0.03966, 2|t 0.50977= FHF 7ol oF 12.84] z}ol7} HAYs}
£ Aoz Jeiyth §AFERIME fEE] L 0.05988,
Z|df 0530692 HAF 7ol oF 8.8ujj 2] zlo|7}, EgteAToA
= 242 0.05968, 2|t 0.52954% A5 7tof| oF 8.8ufj2] #}o]7}
AL Qltk, ol AR I L B AT A 7MY F
AegollA BE N 3% 7l WiAS FHES Aol7h 4
743 HojEe

2. UP+E 2R

A0 ARSE BE B it 7| A= (RE R 1)
T} e}, F8 wgof| ojs) A EAHE HA|, A9 dido] B
22,5429 ¥ F8 WA EY B Fe) AT T2 F
o] 9l= SHRR= 6,112 2.2 HA| -S-EAF] 27.11%°1 3fFsh=

AE ERIT 4= ik, 7MQ1e] st 2 A5 3R F 58S A
Bl Al W2 0,452 PR Ao] 23 o & B|&o| Y
elycl, AL 194of|A] 4447} 31, 1%, 454104 65417} 44.0%,
664 ol 24.9%= et iSrES 2F ol8l7} 10.8%,
31E ol3}7} 35.3%, TiE ol4do] 53.9%= ettt E3E A7
9 S E SN, A8, FAEE Asadn 22
PAE KA g A9t ks AeET B AL T = 9
o Y, AA41A B|&E-2 2™ A9 80 B AL RIF
+ ook, AGeEL) Egise F Y dzap ot F2AE
A R 2] 7ho] 7ulef| A 20871R] Zlo)7} EASH= AL &
A7 = Utk o= AZAIY] $AF Thell A Ql=zelo] oigh A
A9 Aol7t EAeH AL uldict, AEA19] 7 g Qe
of g A9 70l = o (R85 a9 DY
WA 7)1e Aol FHFHE Zo|7t A FRIsH]
8l AEHsE 2R g F2 A2 E(Unconditional
Model}S 33l 274 3lglct, #2452 EAA= o (B4
o} Zt, LR A% Z3 x*0] 103.652 1% Fol+EoA4 A4
o2 {oFhE SRl ol B3 A ga=Eo] /Rl A%
Fof] YL vA= AL FAT 4= Aok E3F A HeEe A4
°] 0,084, ICC gk°] 0.0252 ERI=|SIT}, ol A WEe #4F

Table 4. Unconditional model

Fixed effect Coefficient Standard Error 95% Cl
Intercept -1.01 0.02 -1.05,-097
Random effect  Variance  Standard Error 95% CI
1 level 329 = -
2 level 0.084 0.01 0.06,0.11
ICC 0.025
X 103 .65***

*p<0.1, #p<0.05, #*p<0.01
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T AgaEol o] A== #Aibo] oF 2.5%00 g5, 71Q
9] A7 9F 2.5%7F Aol AFSh= diF A9 FFUES
oujgitt, ol F3f THIAF FHofl tigh Ao 7F A= 2
et 549 938E g1 & St ol33h 93 o
/gAgh} BT 7]E AP aolal Bl A geE = ol
2817 Lersteh(0]213], 2016).

o s FRARY SYHLE FYUsh] A WeEo o
3k tgaAdS Adslr] 98] VIF(Variance Inflation Fac-

Table 5. Conditional model

oD FS Bl To] SPuSE SUSYT. dEBAA A
o 5 A, BE Ao VIF 20| 5 olsh= Uit g A
e Q= Ao s PHET o) Fo] ¥4s S SYsig

24 BzARY] 1529 94z EPRSTE S5
2R )7} 2429 M|A520] ELUSE BT YO uy
(@9 2)& eAHo 2 RS 2 meo| gt BAATE
(& 59} 2}, WA 1520 SPuSTe S v (o)A
A|ofaz WAL 0,03002 SRARYA A4z Bl

[Fixed Effect]
Model 1 Model 2
Type Variable
Coef. Std. Err 0Odds Ratio Coef. Std. Emr  Odds Ratio
intercept 35682 0.1 0.28 -3.6366™ 0.14 0.03
SEX 04707 0.04 1.60 047157 0.04 1.60
AGE1 22751 0.08 973 227117 0.08 969
AGE2 35218 0.08 3384 351977 0.08 3377
. EDU1 -0.3839™ 0.05 0.68 -0.3845™ 0.05 0.68
Ecological and
socioeconomic  EDU2 -0.8202™ 0.06 0.44 -0.8223™ 0.06 0.44
Independent S JOBT 015677 007 117 01557 007 117
E’;a{éigﬁ? JOB2 02414™ 006 127 02387~ 0.06 127
Individual) JOB3 0.3796™ 0.06 1.46 037927 0.06 1.46
REC 0.3474" 0.08 142 0.33707 0.08 1.40
SMO -0.0748™ 0.06 093 -0.0724” 0.06 093
. DRI 0.1821™ 0.07 1.20 0.18227 0.07 1.20
Health behavior = =
ACT 0.0349 0.05 1.04 0.0344 0.05 1.03
WEI 0.8672™ 0.04 238 0.8660™ 0.04 238
OPH -0.3119™ 018 073
Socioeconomic o
condiition OLH 02318 0.10 126
SHC 0.14227 0.15 1.15
o HOS 0.0085 0.02 1.0
Variable PAR -0.0012™ 0.02 0.99
(2 level: Dong) Fo
Accessibility of living PSF 0.0370 0.02 104
infrastructure  yye. 0.0071™ 003 099
CuL -0.0138” 0.02 098
WAT -0.0085™ 0.02 099
[Random Effect]
Model 1 Model 2
Type - :
Variance Std. Err 95% ClI Variance Std. Err 95% ClI
1 level (Individual) 329 - = 329 = -
2 level (Dong) 0.030 0.01 0.01,0.06 0.025 0.01 0.01,0.06
ICC 0.009 0.008
X 10.87™ 7627

*p<0.1, #p<0.05, **p<0.015
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7AR1e] Aefst W AL AR A EAoAE A, 99, aseE,
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Aol A 7] FEE RS o 1077 o w2 T
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FUES ¥ A g9 AFUSET A% 830 o =EH7]
3, 7Rl iRt Ao] ARV #9 B2 WdrES
B 7Fs/30] & < Tk mEhA] A ) g3 Aol ofs)
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€ T5ASAE ok A2 71371 AASl it Foleat
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Al 710 99, AsE, a5, AY9 S0l
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<= A2 1t 8730 v kEE7] il 37l gig A
o] A7) 19 B2 WATES BY 7FsAdol Aok ER
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ol ¥ T A= FAHEY.

Al Az Ao e] A Qlzet F FFASAL diR A4
o] F&55 33 A M2 WIS 7Y BEC] Wole
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Appendix

Appendix Table 1. Descriptive Statistics

Type Variable N Avg. S.D. Min Max
Yes 6112
Dependent Variable CHRO 027 044 0 1
No 16,430
Male 10,132
SEX 045 0.50 0 1
Female 12410
19-44 years (basement) 7,010 (31.1%)
AGE 4565 years 9920 (44.0%) - . : :
over 65 years 5,612 (24.9%)
under elementary school
graduation 2,441 (10.8%)
(basement)
Ecologicaland EPU  over elementary school - - - -
socioeconomic graduation ~ under highschool 7,965 (35.3%)
status graduation
over undergraduate 12,146 (53.9%)
Office worker =
Independent (basement) GABG [2816%)
Variabl . .
(1832\,8? JoB  Service or sales job 3000(133%) . s 2 4
Individual) Production or technical job 3,178 (14.1%)
Soldier or no job 9,908 (44.0%)
Yes 902
REC 0.04 0.19 0 1
No 21,640
Yes 3,166
SMO 014 0.35 0 1
No 19,386
Yes 1,803
DRI 0.08 0.27 0 1
, No 20,739
Health behavior
Yes 18,710
ACT 083 0.38 0 1
No 3,832
Yes 6,312
WEI 028 0.45 0 1
No 16,230
OPH 423 033 013 0.056 0.75
socioeconomic
condiion OLH 423 047 0.23 0 1
SHC 423 046 0.16 0 093
Independent HOS 423 2449 902 1095 8345
VAl PAR 423 4029 2086 1245 20241
(2 Level: o
Dong) Accel'ésibtlltyof PSF 423 8223 3912 2620 39372
iving
infrastructure WEL 423 2258 a0.3 60.3 7258
CuL 423 4012 1288 1405 1061.0
WAT 423 7280 4764 1301 26634

34

raE)E, HssH H7S (2023)



MEA| SRRl 712! | XIH+FE FF Ll tist 3

PR FBMZAY mOY

5 [ioassm- 1mme " [ 1zasm - 295,840 - [ =1 950 - smemin

7 7 - 250060 [ ELITEETE A [ e 501 - s

A [ ESCEE LR A [ ETEER B =52 - 1m0

I == 700 - om0 I ssas - =005 e S | LR

" 15 3 soaen [N 22 - oo AE 3 Etatee [ 126706 - 2 nn e TR | ewies N 15545 - smTaE

(&) Hospital and clinic (b) Neighborhood park (c) Public sports facility

=HENe 220 EHAQ d24 B 324
i lmmm- 17290 5 [ ran 420 - 300090 4 [T 1an000 - a1 460
[ 172 1 - 2060 [ 0 81 - 2t 560 B 460 - T000
‘ [ 22 051 - om0 A [ <0521 - 50,200 ‘ [ o - e
| ElEaEEE] [ o0 s - Podezn I i3 - a0
[ T | suies [ 5077 - TS o153 suies [ 02 - 1m0 45 3 6 Mas -léu.ﬂ-‘xsa;a
(d) Elderly welfare facility (f) Culture facility (g) River

Appendix Figure 1. Accessibility of living infrastructure
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