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Abstract

This study examines the relationships between the neighborhood environment, physical activity,
and health status of the 176 neighborhood units of ‘Dong’ in Seoul using the ‘National Health and
Nutrition Examination Survey’ (2007-2012). The multilevel analysis results indicate that demographic
and socioeconomic variables such as a respondent's age, health condition, education, marital status,
and income are very significant variables to explain physical activity and health status. Some
neighborhood environment variables such as floor area of commercial use or office use,
neighborhood park, and neighborhood school facilities also show significant relationships with
low-intensity physical activity time of walking. However, most neighborhood environment variables do
not show a significant association with moderate- or high-intensity physical activity time except a
few variables. The relationship between built environment and health status indicates that while
neighborhood environment variables have no association with quality of life (EQ-VAS), the floor area
of multi-family housing, neighborhood park and children’s park shows some associations with overall
health status (EQ-5D). In contrast, the floor area of multi-family housing, land use mix, and the
length of bike roads are significant variables to explain BML Thus, this study shows mixed results on
the relationship between the neighborhood environment and physical activity and health status.
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Figure 1. Study Area in Seoul
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Table 1. Distributions of dong and samples by
administrative Gu unit

Admin. Gu No. of No. of No. of
'‘Dong’ | Household | Individual

Gangnam 9 151 304
Gangdong 10 164 277
Gangbuk 6 97 183
Gangseo 10 163 323
Gwanak 9 186 325
Gwangjin 6 109 191
Guro 8 153 297
Geumcheon 3 63 154
Nowon 7 126 228
Dobong 7 121 238
Dongdaemun 7 97 189
Dongjak 4 88 150
Mapo 7 108 203
Seodaemun 5 71 130
Seocho 7 122 215
Seongdong 8 122 233
Seongbuk 7 115 237
Songpa 11 181 358
Yangcheon 8 185 356
Yeongdeungpo 7 128 252
Yongsan 5 64 125
Eunpyeong 9 131 260
Jongno 5 79 149
Jung 5 67 133
Jungnang 6 102 182
Total 176 2,993 5,692
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Table 2. Individual and household characteristics

Variable Category Freq. |Percent
male 2410 423
X [female 3282] 577
under 19-30 1137| 200
31-40 1367| 240
age 41-50 1217 214
51-60 1185| 20.8
above 61 786| 13.8
under middle school 773 136
education high schooll . 508 8.9
2-3 year university 2125| 373
above 4-year university | 2,286| 402
office job 3433| 60.3
occupation | non-office job 311 5.5
etc(no job, student, housewife)| 1,948 | 34.2
—— married 4422 777
unmarried 1270 223
no drink 1,190 215
monthly under once per month 1,114| 2013
drinking once per month 640| 11.56
level 2-4 times per month 1,396| 25.22
2-3 times per week 862| 1557
above 4 times per week 333] 6.02
daily no smoke 4308 775
ki 1-10 per day 556| 10.2
lovel 11-20 per day 570| 10.2
above 21 per day 116 21
very bad 90| 1.58
self-rated | bad 730| 12.83
health normal 2,646| 4649
status | good 1,942| 3412
very good 284 4.99
. single-family housing 1596| 28.0
hotl;;zg multi-family housing 1251 220
(household) apartment 2462 433
etc 383 6.7
very low 534| 944
income | low-middle 1,349 23.85
(household)| middle-high 1681| 29.72
high 2,092| 36.99
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Table 3. Descriptive statistics for dependent variables and neighborhood environment
Variables Definition Mean* Std. Dev.* | Min* Max*
Iow-llnten5|t)./‘ d‘ally Iow-lnten5|ty physical activity 64.99 76.09 0.00 720,00
physical activity time (min)
modl-lnten5|.ty‘ dallly‘ moderatg-mtenmty physical 3605 75 86 0.00 840,00
physical activity activity time (min)
deP. hlghjlntens@‘ qally hlgh-lntensny physical activity 3477 60,68 0.00 720,00
vari. | physical activity time (min)
EQ-5D EQ-5D index (overall health status) 0.94 0.17 0.17 1.00
EQ-VAS EQ-VAS index (quality of life) 73.53 18.57 0.00 100.00
BMI body mass index(obesity) 22.97 461 14.70 41.90
population density | population density(person/dong(km)) | 26,289.83| 12,164.37| 479.90| 64,485.70
. | employment density
employment density frigs o Bsiness/dong i) 1,652.06 1,096.96 35.60 7,264.50
fI‘oor area‘of . flozor area of single-family housing 147176.70| 119.759.00 0.00| 684729.50
single-family housing | (m") per dong
roor‘ area of . flozor area of multi-family housing 248614.60| 201662.10 0.00 |1,033.942.00
multi-family housing | (m*) per dong
floor area of floor area of ~apartment(m) per| o0 ec 301 41829300| 39501 (213243100
apartment dong
floor area of flozor area of commercial facilities 330,703.40| 52115770 | 4078.65 |4,386,334.00
commercial facilities | (m’) per dong
floor area of floor area of office facilities(m)
) . 71,964.12| 183,674.60 0.00 |1,504,849.00
office facilities per dong
neigh, area of area of neighborhood parks(m’) 405,149.90|1,011,826.00|  0.00(6,115,698.00
env. | heighborhood parks | per dong T T T
char. | area of . ]
. area of children parks(m’) per dong 8,428.11 9,605.09 0.00| 55,960.86
children parks
area of small parks |area of small parks(m?) per dong 2,222.27 1,920.60 0.00 9,738.30
land use mix(LUM) | EMTOPY index per dong 0.58 018 004 0.98
(residential, commercial, office)
dlstar.1ce to” ave.r‘a.ge distance(m) to exercise 540.15 29735| 15745 1273.00
exercise facility facilities per dong
dlstance.to average distance(m) to bus stations 13401 46,28 5779 44294
bus station per dong
distance to‘ average distance(m) to subway 663.00 39704| 23855 353593
subway station stations per dong
number of schools | no. of schools per dong 331 239 0.00 15.00
length of bike roads | length(m) of bike roads per dong 3,009.05 4,245.07 0.00| 28,003.00
DEHFELHUM EXO|E HHEA B SAWY Hao V|ESA Y2 L HHOH 24 ZHAM HYS HH O HIER
A5t ALESIS
E ZoR LEBITE S3% AAEsE oF 36, R LEen, 4o ds WEllE EQ-VASY
2T OARES of i AR UsE Hols 4% 1008 J1EoR BE ME dRR UE)
&S LERICE AUkl AZ & W0l EQ-5D  HITEE i 2380 tiRlR Aol &6k
= H7 0942 1) JPhe i 'S 80 A 2o ek
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Table 4. Multi-level unconditional model test results for physical activity levels
Model 1 test Model 2 test Model 3 test
Level Multilevel Statistics Iow-in.t(‘ensit‘y moderat(‘e-‘interjsity high-ir.1t‘ensit‘y
phy. activity time [ phy. activity time phy. activity time
estimates |std. err| estimates |std. err| estimates |std. err
household-level variance 0.261 0.034 0413 0.066 0472 0.058
household individual-level variance 0.956 0.000 1.731 0.022 1.723 0.022
level ICC (household) 0.0692 0.018| 0.0538 0.017| 0.0700 0.017
(2 levels) [LR test vs. linear reg. Chibar2(01) 15.84%** 10.33*** 17.97%*
AIC 15668.2 221652 200204
BIC 15688.1 22185.1 22242.3
dong-level variance 0.146 0.020 0.332 0.035 0.234 0.036
individual-level variance 0.980 0.009 1.750 0.017 1772 0.017
dong level [ICC (dong) 0.0218 0.006| 0.0349 0.007| 0.0171 0.005
(2 levels) |LR test vs. linear reg. Chibar2(01) 27.6%** 61.27%+* 18.6%**
AIC 156564 22114.3 22221.8
BIC 15676.3 22134.1 22241.7
year-level variance 0.108 0.036 0.226 0.070 0.155 0.051
individual-level variance 0.987 0.009 1.795 0.017 1.780 0.017
year level [ICC (year) 0.0118 0.008| 0.0161 0.010| 0.0075 0.005
(2 levels) |LR test vs. linear reg. Chibar2(01) 31.85%** 77.01%%* 33.68%**
AIC 15652.2 22098.5 22206.7
BIC 15672.1 22118.4 22226.6
dong-level variance 0.140 0.021 0.327 0.035 0.215 0.040
household-level variance 0.224 0.039 0.270 0.098 0422 0.065
dong- individual-level variance 0.955 0.012 1.729 0.022 1.723 0.022
hol‘g/eefl‘f'd ICC (dong) 00198 | 0.006] 00339 0007] 00145 0.005
3 levels) ICC (household-dong) 0.0710 0.018| 0.0569 0.017| 0.0702 0.017
LR test vs. linear reg. Chi2(2) 36.32%** 63.22%%* 29.74%*
AIC 15649.7 22114.3 22212.7
BIC 15676.2 22140.8 22239.2
year-level variance 0.102 0.037 0.218 0.071 0.149 0.051
dong-level variance 0.129 0.022 0.303 0.034 0.186 0.042
household-level variance 0.212 0.041 0.166 0.157 0404 0.067
year-dong- | individual-level variance 0.955 0.012 1.731 0.022 1.723 0.021
household [ICC (year) 0.0105 0.008| 0.0151 0.009| 0.0070 0.005
levels ICC (dong-year) 0.0275 0.009| 0.0442 0.011| 0.0179 0.007
(4 levels) [1CC (household-dong-year) 0.0731 0.019] 0.0529 0.019] 00693 0.017
LR test vs. linear reg. Chi2(3) 58.3%x* 121.11%** 5421 ***
AIC 15629.7 22056.4 22190.2
BIC 15662.9 22089.5 22223.3

note: ICC(Intra-class correlation coefficient), AIC(Akaike Information Criterion), BIC(Bayesian Information Criterion)
*kk
p<.01

@ (goodness of fi)E WERNE= AIC, BIC & WH2 3% Olol= LERARL ARM-AEE-7H
E& BRI HYHL AREIL U S A B sECR TRE 4% TA 662%2 duHg Ut
OIFL Atk BAEY 19 B4 XRS +F8E 4 A Ze=E Ul o ARM-AES-7 &
89S L= ICC(ntra-class correlation) gt& 0 74XGL SHARS AZE ARESQ HAARE
A, ARKLI0%)M ARM-AES0229%)9 4 9 T4k 6.62% JHE 4 A= A QniEitt,
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Table 5. Multi-level analysis for physical activity levels

Model 1 Model 2 Model 3
. low-intensity moderate-intensity | high-intensity
Variables L s L
phy. activity time | phy. activity time | phy. activity time
coef. z coef. z coef. z
female(male) -0.067** -246 -0414%* | -8.68 -0.639*** | -13.55
age 0.004* [ 2.69 -0.002 -0.68 0.000 -0.04
married(unmarried) -0.137*** | -3.20 -0.010 -0.13 -0.185** -2.50
education | high school degree 0.257** | 433 -0.002 -0.02 0.217** 2.09
(under | 2-3 university degree 0.244%* | 476 0.149* 1.67 0.255%** 2.85
mid. sch) [ above 4-year univ. degree 0.199% | 364 | 0257 | 268 | 0206* | 216
occupation| office job 0.103 1.52 0.154 1.29 0.120 1.03
indiv. (laborer) | etc(no job, student, housewife) 0.006 0.09 0.097 0.82 0.051 043
and | self-rated | P2d 0.069 0.62 -0.023 -0.12 | -0.226 -1.17
house- health | normal 0.077 0.72 -0.118 -0.63 -0.242 -1.30
hold status | good 0.126 117 | 0055 0.29 | -0.090 -0.48
char. | (very bad) e "good 0215* | 178 | 0064 030 | -0.032 -0.15
household | low-middle -0.004 -0.08 0.029 0.31 0.042 0.45
income | middle-high -0.004 -0.07 0.040 0.44 0.040 043
(very low) ['high -0.014 -0.25 0.189** 203 | 0.296*| 314
housing | Multi-family housing -0.060 -143 0.069 0.96 0.066 0.95
(single-fam| apartment -0.061 -1.33 -0.049 -0.61 0.100 1.36
housing) [ other types -0.071 -1.09 -0.051 -0.46 0.017 0.16
daily walking time - & 0.284* | 12.07 0.280*** | 11.95
sty population density 0.033 145 0.010 0.25 | -0.046 -1.33
employment density -0.054 -1.26 0.124 1.63 0.200*** 2.98
ratio of single-family floor area -0.039 -0.26 -0.056 -0.22 0.189 0.82
ratio of multi-family floor area 0.030 0.30 -0.275 -1.60 | -0.091 -0.59
ratio of apartment floor area 0.029 0.48 0.138 1.32 0.044 0.47
neigh. ratio of commercial floor area 0.303** [ 2381 0.058 031 | -0.156 -0.93
hood | 1and use Favio™of office floor area “0529* | -182 | -0733 | -144| 0373 | 083
e”mVe';‘Dt” ratio of neighbor. park area 0.034* 1.88 0.023 071 | 0014 049
char. ratio of children park area 0.003 0.00 -0.621 -0.23 | -2.115 -0.88
ratio of small park area -7.821 -1.02 | -18.616 -1.39 | -24.394** -2.04
land use mix 0.072 043 0.207 0.70 | -0.125 -0.48
ave. distance to exercise facility 0.065 1.54 0.088 1.18 | -0.059 -0.89
accessibility| ave. distance to bus station 0.021 0.35 -0.069 -0.65 | -0.067 -0.72
ave. distance to subway station -0.005 -0.12 0.081 1.14 0.110* 1.75
facility no. of schools 0.125* 1.68 0.149 1.14 0.054 0.47
length of bike roads 1.761 0.30 22.656** 2.20 | 10472 115
_cons 3.149** | 531 -0.823 -0.79 | -0.050 -0.05
Number of Obs. 5,535 5,529 5,534
Number of Groups(Year/'Dong’'/Household) 6/176/2,960 6/176/2,958 6/176/2,960
Wald_chi2(34)/Wald_chi2(35) 90.59** 344.00%* 497.78%**
LR test vs. linear regression: chi2(3) A7 17%** 62.86%** 29.36%**
AIC 15541.2 21703.9 21689.6
BIC 15799.4 21968.7 21954.3
ICC: Year 0.0110 0.0149 0.0061
ICC: 'Dong’ | Year 0.0229 0.0286 0.0071
ICC: Household | 'Dong’ | Year 0.0662 0.0040 0.0624

*p<.1; *p<.05 ***p<.01
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Figure 6. Multi-level unconditional model test results for health status variables

Model 4 test Model 5 test Model 6 test
Level Multilevel Statistics ] =l ] il ] )
estimates ST estimates s estimates gl
household-level variance 0.056 0.004 5.963 0.509 0.043 0.004
individual-level variance 0.156 0.002 | 17.582 0.223 0.134 0.002
ho‘ljsehlo'd ICC (household) 01155 | 0017 | 0.1032 0017 | 00933 | 0017
P Ieevveels) LR test vs. linear reg. Chibar2(01) 51155 38.96+* 3270w
AIC -4320.6 49161.1 -6037.6
BIC -4300.7 49181.0 -6017.7
dong-level variance 0.041 0.003 3.651 0.361 0.020 0.003
individual-level variance 0.161 0.002 | 18.220 0.174 0.140 0.001
dong level |ICC (dong) 0.0594 0.009 | 0.0386 0.007 | 0.0195 0.006
(2 levels) |LR test vs. linear reg. Chibar2(01) 153.07*** 73.41%** 22.15%**
AIC -4424.5 49126.7 -6027.1
BIC -4402.6 49146.6 -6007.2
year-level variance 0.039 0.012 2.890 0.871 0.005 0.004
individual-level variance 0.160 0.002 | 18.310 0.172 0.141 0.001
year level [ICC (year) 0.0573 0.032 | 0.0243 0.014 | 0.0011 0.002
(2 levels) |LR test vs. linear reg. Chibar2(01) 4171.09%** 140.05%** 0.95
AIC -4680.6 49060.0 -6005.8
BIC -4660.6 49079.9 -5985.9
dong-level variance 0.040 0.003 3.503 0377 0.017 0.003
household-level variance 0.042 0.005 4.883 0.601 0.039 0.004
dong- individual-level variance 0.156 0.002 | 17.579 0.222 0.134 0.002
household |ICC (dong) 0.0571 0.009 | 0.0355 0.008 | 0.0156 0.006
levels IICC (household-dong) 0.1197 0.017 | 0.1046 0.017 0.0942 0.017
(3 levels) [[R test vs. linear reg. Chi2(2) 169.78%** 91 .58¥** 44,99+
AIC -4437.2 49110.5 -6047.9
BIC -4410.7 49137.1 -6021.4
year-level variance 0.039 0.011 2772 0.863 0.001 0.010
dong-level variance 0.000 0.000 2.672 0.389 0.019 0.019
household-level variance 0.034 0.006 4.238 0.676 0.039 0.039
year-dong- | individual-level variance 0.156 0.002 | 17.623 0.222 0.134 0.134
household |ICC (year) 0.0572 0.032 | 0.0224 0.014 | 0.0000 0.001
levels ICC (dong-year) 0.0572 0.032 | 0.0432 0.015 0.0180 0.006
{4 levels) |ICC (household-dong-year) 0.1001 0.034 | 0.0955 0.021 | 0.0938 0.017
LR test vs. linear reg. Chi2(3) 419 34*** 178.06*** A8 Jrx*
AIC -4684.8 49026.0 -6049.3
BIC -4651.6 49059.2 -6016.2
***n<.01
o 49l Ae SFE] Pk AN B2 ZoR £ AS B 4 9lon, 55 5US 49 it 8
LIERATE TI8fut o gofl & H o] 5= & (19 JAR EAFCE mle |RsHA LIERITE
AMOR Qo] QL) HITIES] A9 UFY] It HUlit HipiEole] WAL EAM fo8S
2~-38] S5E oh= AlEQ A SFE otk E=  HOX ettt
ARHEDE HITEY} =2 Z108 LEKRITE §99 T UE REQ FEHHQ AZQIRIEE0 =&
AT ol "HHlE 207017 ATZMA Bl 1 AR JUHEQl AZ e A0 Hol 2 Ao
= AR E SHbEQl AZAELL A9] Fol ' = LENOH, £55EE 2H(He JAE 40
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Table 7. Multi-level analysis for health status variables

Model 4 Model 5 Model 6
Variables EQ-5D EQ-VAS BMI
coef. Z coef. z coef. Z
female(male) -0.014%** -5.59 | -2.142*% | -475| -0.057** | -13.16
age -0.001%** -7.32| -0.063** -3.01| 0.001** 6.79
married(unmarried) 0.010** 3.08 3.049%x* 5.11 0.040%** 6.80
education | high school degree 0.018*** 3.83 1.138 1.37| -0.010 -1.28
(under | 2-3 university degree 0.023*** 5.89 1.349 1.89| -0.026** | -3.72
mid. school)| above 4-year university degree 0.032%** 7.55 2.083** 272 -0.034** | -4.66
occupation | office job -0.018*** -3.55 0.938 1.01| 0.009 1.06
(laborer) | ete(no job, student, housewife) -0.023%** -4.34 0.159 0.17 0.009 1.09
less than once per month 0.004 1.15 1.142* 1.98 0.005 0.96
no. of once per month 0.004 0.99 1.019 1.50| -0.007 -1.13
drinking | 2-4 times per month 0.005 1.45 0.217 0.38| 0.005 0.81
(no drinks) [ 2-3 times per week 0.007 1.90] -0.324 -049| 0.014* 2.22
indiv. above 4 times per week 0.006 1.18| -1.293 -145] -0.001 -0.12
and daily 1-10 cigarettes per day -0.009* -2.46 -2.174** | -338| -0.007 -1.18
house- | smoking |11-20 cigarettes per day -0.005 -1.38| -3.313** [ -4.89 0.001 0.10
hold | (no smoke) | above 21 cigarettes per day -0.003 -041| -1.513 -1.14| 0.012 0.96
char. | self-rated |bad 0.110* | 12.83 7.281 % 475| 0011 0.73
health normal 0.162* | 19.46| 15.325* | 10.31| 0.008 0.55
status good 0.173* | 20.65| 23.994* | 1599 | 0.007 0.50
(very bad) | very good 0.180*** | 19.18| 30447* | 18.15| -0.004 -0.25
household | low-middle 0.019%+* 4.73 0.006 0.01| 0.001 0.08
income | middle-high 0.021*** 5.21 1.198 1.61| 0.006 0.84
(very low) | high 0.019*** 4.61 1.485* 1.97| -0.003 -042
housing | multi-family housing 0.002 0.78 0.128 0.22| -0.002 -0.38
(single-fam. | apartment 0.000 0.06 0.424 0.64| -0.022%** | -3.65
housing) | other types -0.002 -0.32] -0.500 -0.56| -0.004 -0.49
low-intensity physical activity time 0.005*** 477 0.603** 3.17] -0.002 -1.14
moderate-intensity physical activity time 0.000 -0.73] -0.048 -0.41 0.002 1.92
high-intensity physical activity time 0.001* 2.05 0.374** 3.18| 0.006*** 5.01
density population density 0.000 0.26 0.297 0.90 0.000 0.17
employment density 0.002 0.83] -0.351 -0.56 0.004 0.68
ratio of single-family floor area 0.009 0.93 1.576 0.74| -0.017 -0.91
ratio of multi-family floor area -0.015* -2.25| -1.251 -0.88 | -0.037** -2.90
) ratio of apartment floor area 0.001 0.26 0.667 0.76| -0.011 -1.49
neigh. land use Lratio of commercial floor area 0.002 0.33] -0.039 -0.02| 0.003 0.19
environ ratio of office floor area 0.002 0.09 1.757 0.42 0.089* 241
ment ratio of neigh. park area 0.003** 2.65 0.433 1.62 0.003 1.11
char. ratio of children park area -0.280* -2.74| -13.57 -0.61 0.030 0.15
ratio of small park area 0.223 044 -23.00 -0.21 1.085 1.10
land use mix 0.004 0.34 1.842 0.75| -0.043* -2.00
ave. distance to exercise facility 0.002 0.80 0.398 0.64| 0.006 1.13
accessibility | ave. distance to bus station -0.003 -0.84| -0.354 -0.40| 0.004 0.58
ave. distance to subway station 0.002 0.64 0.374 0.63| 0.003 0.56
facility no. of schools 0.004 0.90| -0.145 -0.13] -0.002 -0.20
length of bike roads -0.112 -0.29| -79.25 -0.93| -2.482* | -331
_Cons 0.763*** | 18.90| 50.316*** 5.82 3.028*** | 39.74
Number of Obs. 5,502 5,495 5458
Number of Groups(Year/'Dong'/Household) 6/176/2,952 6/176/2,951 6/176/2,942
Wald_chi2(45) 1563.22%** 1642.91%** 861.98%*
LR test vs. linear regression: chi2(3) 30.99*** 25.77%** 49.Q5***
AIC -12704.3 443284 -6639.6
BIC -123737 44658.9 -6309.3
ICC: Year 0.0131 0.0046 0.0005
ICC. 'Dong’ | Year 0.0131 0.0223 0.0050
ICC: Household | ‘Dong’ | Year 0.0248 0.0551 0.1211
*p<.1; **p<.05; **p<.01
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