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A Geographic information system (GIS)-based regional disparities in school
districts on physical activity, sleep and body size in children.

Ishii, Kojiro

13,300,000

Geographic
Information Systems: GIS

This study used Geographic Information Systems (GIS), a spatial information

science system that combines geographic and social environments to determine regional differences in
children®s physical activity and body size. The results showed that the number of nearby

convenience stores was associated with childhood obesity, and the amount of public transportation
was negatively associated with obesity. In addition, adolescent children born earlier in
socioeconomically disadvantaged neighborhoods were less physically active and less likely to
participate in sports activities. Furthermore, the risk of transmission of COVID-19 to children was
also associated with neighborhood socioeconomic environment.
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Table 1 Odds ratios and 95% confidence intervals showing the relationship between obesity and neighborhood-built environment elements using multivariate logistic regression analysis (n = 72772).

The food environment model® The physical activity environment model® The food and physical activity environment model®

OR (95% CI)° OR (95% CI)°® OR (95% CI)°®

Density of outlets in each school district
Convenience stores 1.184 (1.005-1.395)" 1.250 (1.024-1.525) *
Fast-food restaurants 0.579 (0.267-1.259) 0.640 (0.274-1.494)
Casual restaurants 0.681 (0.381-1.218) 0.560 (0.295-1.063)
Supermarkets and department stores 1.077 (0.882-1.315) 1.006 (0.799-1.267)
Parks 1.209 (0.939-1.557) 1.173 (0.884-1.557)

Sports facilities
Stations
Intersections

0.894 (0.420-1.904)
0.543 (0.298-0.989) *
1.333 (0.879-2.204)

2.206 (0.867-5.612)
0.754 (0.392-1.449)
1.254 (0.803-1.959)

3Unweighted n.

bAdjusted for age, gender, school district area, and population density.
OR (95% Cl): odds ratio (95% confidence interval).

* p<.05.
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NS - 6% FEYS
ATER (n=859)  BILEH (n=656) , ALPH (1-2,330) @ (n=2,71)
n % n % ‘e o n %) n % xa o
A OESR
L 659 (76.7) * 464 (10.7) "2 6.048 0,008k 1,378 (59.1) w1 1,470 (54.2) w2 12.332  <0.001wk*
5Y 200 (23.3) * 192 (20.3) 952 (40.9) +v2 1,241 (45.8) w1

*: p<0.05, ok : p<0.01, sk : p<0.001.
1 BBROKZE >1.96 (p<0.05) , »1 : WBHROKZE >2.58 (p<0.01) , *2: WEEDEZE <-1.96 (p<0.05) , 2 : WEEDHEE <-2.58 (p<0.01) .

Table 3. W->TLIFROBERBHICLSAPORRDOF v X1

/NS - 64 & (n=747) PPERTF (n=2, 498)

fhd Mode! 1 Mode| 2° Mode| 3° Mode! 1* Model 2° Model 3°
# v Xt (95HEME M) # v Xt (95HEME M) Ao Xt (95HBME M) Ao Xt (95%BME M) # v Xtk (95HRME M) Ay Xt (95%BME M)
MEET 594
DUPE  (ref.. 1.00 1.00 1.00 1.00 1.00 1.00
B PH 1.38 (1.09, 1.73) * 1.38 (1.10, 1.74) * 1.66 (1.30, 2.12) ** 1.20 (1.07, 1.35 = 1.19 (1.06, 1.33) ™ 1.44 (1.28, 1.63) ***

*: p<0.05, #x: p<0.01, *%x: p<0.001.

a: P, WHTHE b:PE 155, WPARMTHEE, c: %45, @5 RJU—-V8/LTHE
ref. : Reference,
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Table 4. Estimates from multilevel linear modeling for male adolescents' Moderate-to-Vigorous Physical Activity (MVPA) (n = 4087)

" o Model 1 Model 2a Model 2b Model 2¢ Model 3a Model 3b Model 3¢
@j k JFH xtj‘ E'E fﬁ% gjj % b(SE) b(SE) b(SE) b(SE) b(SE) b(SE) b(SE)
N YL Fixed effects
& 2 Eg @ 75? 7f‘71£ *H ﬁ_ Intercept 962(038)*  956(039)™ 957(039)* 963(040)™  957(039* 958(039)** 964 (040™
6 . El 2'_—\‘}\ FH %ﬁ;ﬁd\ Birth month -054(008)** 055008 -056(008)** -055(008)* -055(008)"* -055(008)* -055(009)**
et ;’\& ICaaicd Socioeconomic factor
. B
4 X:J- % & L 7": *ﬁ Areal deprivation 001(001) 001 (001)
- e -0
[/_*?H‘E,J Eﬁw Average annual income -001(0.01) 001 (001)
v =
NEE Education level 002 (006) 002(006)
J oS 5 E ;l}j'u’ 3 ﬂj;‘ i "C » Cross-level interaction
JIN — N Birth month*Areal Deprivation 0.00(0.00)
¥ ¥ Birth month*Average annual income 000(000)"
% —~+ 3586 ZI . ﬁ‘% 3388 Z, Birth month*ducation Level 002(001)
% ﬁ% & l/ . '?4&% Iz a: j’/\_; Lj— ;V::,:n;:s':t:::\izzdbyaBox{ox(randulmmion
Model 1: Only birth th idered. was added
$ A‘X?ﬁ: JINTE E/ Model I deprivation, Model 26: A Jincome, Model level)
D SRR EIN &/ /{u D el s e et o S
N E =874 1: income, Model 3c: Birth month*Education level)
{Z'K { E. @J D nﬂ: éE ﬂ ) 5 %“ ( H All models were adjusted for age, body weight, population density
" p<001,*p<0.05, 1: , Desi ffect=7.35

sHFERZh ) & oo B E & B
LEMNZTDHIEEEHEL
72




< VT L)L AT O
% :I:j:/gﬂ;_:uy Z)) /)\ 7—; l/ N i}@fﬁ Table 5. Estimates from multilevel linear modeling for female adolescents’ Moderate-to-Vigorous Physical Activity (MVPA) (n = 4015)
A

Model 1 Model 2a Model 2b Model 2¢ Model 3a Model 3b Model 3¢

OB, BRHE DL b(SE) b(sE) b(SE) b(SE) b(SE) b(SE) b(SE)
DT T, A DS oty SO0 560 ST SN SR SR 5702
RBFCPEMESRED Lo, U S o s o o o
WHIRNZ EPRHBNE R s 000 D oo O o

o7z, HERRFERICAF] 2R R e e

Birth month*Areal Deprivation -0.00 (0.00)*

fﬁiﬁ !i E-E i j/l/ (D) %‘ ZJ) A 7:]:0 Birth month*Average annual income : 000 (0.00)

Birth month*Education level 001 (001)

_ \y \—z:‘ Yﬁ EE hé— %) 1:%% /i\ ﬁ § /)\ fcﬁ MVPA was normalized by a Box-Cox transformation
W2 B RIEE) O FH %R ot o s e o e s

Model2: Birth month and one socioeconomic factor(Model 2a: Areal deprivation, Model 2b: lincome, Model

ﬁ%&j} % i)§ E‘ % j/[/ f: EJ‘ ﬁg‘l\i % Model3: Birth month, factor and level i ion (Model 3a: Birth *Areal deprivation, Model 3b: er: mnln(h"Averzgelnmul

income, Model 3c: Birth month*Education level)

/j_:\‘ L/f: (Table 4’ 5) R :llmodelsweread;usledforaqe, Yy weig lub

<001, *p<0.05, Interclass correlation coefficients =0.05, Design effect =4.74
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< O 75 o) ST E ]/ k )( transportation and postal 097 (0.91-1.04) 099 (0.92-1.07) 092 (0.84-1.01) 093 (0.84-1.03)

services industry (%)

7_}‘ ) T/X D E)EJ 6 75 fcﬁ/) Employment in the

wholesale and retail trade 122+ (1.11-135) 118** (1.07-131) 119** (1.08-131) 117% (1.06-1.29)
try (%)

T5, EELENLOHED o

Employment in the
N — odation and food 103 (090-118) 110 (0.93-130) 111 (096-129) 106  (0.89-1.26)
% XN TIThbN-b D TH s

Employment in the health

D i 7:_ /J\ 7'—& )d-% & Lf_bﬂ: Zig cmanizm;?i)ismm 107 (100-115) 105  (0.97-114)  1.09*  (101-118) 108  (0.99-1.18)

College graduationrate (%) 099  (098-101) 098  (0.96-100) 095* (091099 095*  (0.91-0.99)
6i/}\ fcﬁb\o El $ i%& %)@*H X‘—J- ADI 098  (085-112) 107 (091125 079  (059-105) 083  (059-1.14)

Employment in the

E/\j fg’ %75} _l%J_ AN k . }3 J: ()\‘\ %" twansportationand postal 107 (081-139) 092 (065123 082 (054117 069  (041-105)

services industry (%)

*)J Gi 'ﬂil/ A k é *LVC A 7‘:% E %) (] whﬁgtﬂsﬁgifh:ade 086  (054-134) 091  (053-144) 089 (056135 091  (056-1.34)
Ty

industry (%)
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> = services industry (%
DOEF L LHIZFH) TR Ins Employment n the health
care and social assistance 089 (0.64-1.22) 0.83 (0.54-121) 098 (0.62-1.50) 0.89 (0.54-1.44)

T % f: : k ﬁ) % N ?‘/z ﬁ 6ij<|3}ilt.ﬁ‘ i A 0.78* (0.60-0.98) 0.90 (0.68-1.13)

College graduation rate (%) 092 (0.83-1.01) 0.94 (0.83-1.04)

[j;] ) /.A\ j /J\"%‘»B(k D 282 BJE 1) iﬁ ADI 133 (0752000 133 (0.63-251) 037  (0.09-124) 080  (0.16-3.04)
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. = * services industry (%
HOEEZ SRR L L, A Fplomentinhe

wholesale and retail trade 135* (0.99-1.80) 139 (1.01-1.85) 128 (0.96-1.68) 132 (0.97-1.76)
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College graduation rate (%) 1.04 (0.99-1.09) 1.02 (0.96-1.08) 1.01 (0.89-1.14) 1.00 (0.85-1.16)
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services industry (%)
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COVID-19 I%‘L‘\@ﬁ) = V- ml/ A & Employment in the health

careand social assistance 097 (057-1.19) 098  (079-123) 097  (078-120) 100  (078-127)

industry (%)
A 9 IE D * H Eg 75) W &) % h 7:— College ionrate (%) 098  (093-103) 096  (091-102) 092  (082-103) 091  (0.80-103)
= ADI 105 (073-146) 109 (074-158) 092  (043-175) 086  (037-177)
(IRR1. 17 ([A] 1.06~1.29)] Emmployment in the

transportation and postal 097 (0.90-1.04) 098  (090-1.07) 091  (082-101) 094  (083-105)

(Tab le 6) ° services industry (%)
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N /‘7‘ N4 7 @{ﬁ — & L_ﬁq:*ﬁ industry (%)
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K )~ ﬁ 7= ,_,='=¥/ EE Wave5 accommodationand food 098  (083-1.13) 104  (085-126) 108  (091-129) 102  (0.83-125)
Lf:_ 7/7 (=N E‘I%’IFG\— DJL ¢ /J\JL 1 Services industry (%)
- fore 3 . Employment in the health
%% ZP %l] N & %j:ﬁ%’ 4 . 5 {ﬁwc N caxsm{ddsocial .:ss:slance L13%  (104-122)  112*  (102-122) 115*  (1.05-125) 116*  (1.05-128)
industry (%)
2L e E Coll dustionrate (%) 099  (097-101) 098  (096-101) 095°  (091-100) 094°  (090-099)
JNER AR -19 JRHR R sllege graduation rate X T y T ; TIET ; 500
J 1 7 COVID-19 R k 2] ADI 099 (08116 108  (090-129) 080  (057-111) 080  (0541.16)
33 ﬁ *ﬁ* X—J‘ »: Univariate regression analysis; >: multivariate regression analysi ing for population density, number of
*H Eg Z) 20 &) % h 7:—0 i 7:— N people in the household, number of public ransportation, number of facliies for older adults, and number of
ot medical treatment and testing i ivariate regression anal for other soci
% & l/ 7; 2’\’5 {& 0) I:FI VCHQ IE) ‘:‘% 9, i analysis ing for ion density, number of people in the
number of public ion, number of facilities for older adults, number of medical treatment,
2 testing institutions, and other i istics; IRR: incidence rate ratio, CI: confidence interval; ADI:
%’\’4 D5 75) D 7; 5 {& Tl j: l: area deprivation index, * p < 0.05, **: p < 0.01, ***: p < 0.001.

- SRR EE DO FE NSV FIR X TH IEOMBEN L 540 (IRR1. 16 (1. 05~1.28) ],
RN KAF NS WX TITAOMBEN R 5472 [IRR0. 94 (0.90~0.99)), 52, H2T
1, fETA - B EDOHEFEE N L VAR K T/ NEAEDRY ) 27 0N 3G @n-oT-2 EMA LN
L7257 (IRR2.85 (1.33~6.43)]) (Table 6),
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