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Association of greenness surrounding schools and homes with adiposity levels in children and
adolescents HUANG Wenzhong?, XU Shuli?, FANG Qiuling’, DONG Guanghui® (1. Department of
Epidemiology and Preventive Medicine, School of Public Health and Preventive Medicine,
Monash University, Melbourne, VIC 3004, Australia; 2. Department of Occupational and
Environmental Health, School of Public Health, Sun Yat-sen University, Guangzhou, Guangdong
510080, China)

Abstract:

[Background] Evidence on the association between greenness and adiposity in children and
adolescents is inconsistent and mostly from developed countries. Relatively limited evidence is
from China.

[Objective] To assess the association between greenness and adiposity in children and
adolescents based on satellite remote sensing data.

[Methods] From 2016 to 2018, a cross-sectional study was conducted among 52316 children
and adolescents aged 5-18 years in three cities in the Pearl River Delta region of China. Basic
sociological and demographic characteristics of the population and adiposity levels were
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collected through questionnaires. Land Remote-Sensing Satellite (Landsat) data and moderate-resolution imaging spectroradiometer
(MODIS) products were used to quantify the greenness around the schools and homes, including normalized difference vegetation index
(NDVI), vegetation continuous field (VCF), soil-adjusted vegetation index (SAVI), and enhanced vegetation index (EVI) calculated within
500 m and 1000 m buffers centered around the participants' homes or schools. A restricted cubic spline function was used to assess the
exposure-response relationship. After categorizing greenness levels into quartiles with the first quartile as the reference, two-level
generalized linear models were applied to assess the change in body mass index z-scores (zBMI) and the risk of overweight of children
and adolescents in higher quartiles relative to the lowest quartile. In addition, counterfactual framework modelling was applied to assess
the potential mediation effects of PM, s and NO,, and physical activity levels on the associations between greenness and adiposity levels.

Of the 52316 children included, 8406 (16.1%) were overweight. A non-linear negative association of the level of greenness
around the homes or schools and zBMI was found, with a significant lower zBMI in children and adolescents when a certain level of
greenness was reached. After adjusting for confounders, the participants in the highest quartile had a significantly lower level of zBMI
and a significantly lower risk of overweight compared with those in the lowest quartile of NDVly, ,, and VCFs, .. The estimate change (b)
for zBMI was -0.07 (95%Cl: -0.10--0.04) and the odds ratio (OR) for overweight was 0.92 (95%Cl: 0.85-0.99) for the students in the
highest NDVlgg, , quartile based on home address compared to those in the lowest quartile. Significant negative associations were also
observed when 1000 m buffer, SAVI, and EVI were used. The mediation analysis showed that PM, and NO, partially mediated the
negative association of NDVl, ,, with zBMI , and the proportions of mediation were 50% (95%Cl: 20%-80%) and 90% (95%Cl: 50%-160%),
respectively while no significant mediation effect was observed for physical activity level.

Higher levels of greenness surrounding homes or schools may be associated with a reduced risk of overweight and
decreased zBMI in children and adolescents, and such associations may be partially mediated by reducing air pollutant concentrations.

greenness; normalized difference vegetation index; vegetation continuous field; children and adolescents; body mass index z-
score; overweight
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Table 1 Basic characteristics of study participants

rE FEBE BE Bit
Y '2;” Non-overweight Overweight Overall P
ariable
(n=43 910) (n=8 406) (n=52 316)
BMI -0.7241.02 1.81+0.70 -0.31+1.35 <0.001
48"/ % (Age'/years) 12.38#3.19  10.98+2.81  12.16#3.18  <0.001
451 (Gender) <0.001
5 (Male) 21625(49.25)  5942(70.69) 27567(52.69)
ﬁ(Female) 22285(50.75) 2464(29.31) 24749(47.31)
REEFEIRN */7T
Annual household <0.001
income ®/Yuan
<10000 10002(22.78) 1820(21.65) 11822(22.60)
10000~29999 8305(18.91) 1411(16.79) 9716(18.57)
30000~99999 14069(32.04) 2593(30.85) 16662(31.85)

=>100000

LEBBEHEKE
Highest parental education <0.001

11534(26.27)  2582(30.72) 14116(26.98)

attainment®
{EF = (< High school) 24430(55.64)
ERRUE

4035(48.00) 28465(54.41)

> High school 19480(44.36)  4371(52.00) 23851(45.59)

B HIERTE/(h-A)

e N 5.93+6.58 6.3546.64 6.00+6.59  <0.001

Exercise /(h-week™)

ERERYE K

(ug'm™)

Annual ambient air

pollution concentration” /

(ug'm™)
AREEPMs 32.97(5.92)  32.82(5.99)  32.90(5.92 0.001
PM, s surrounding home SR GRS CUEERA :
LAl 35.61(31.51) 33.84(32.92) 35.40(31.74 0.003
NO, surrounding home 61(31.51) 84(32.92) 40(31.74) :
FHRPM, 32.87(5.60)  32.82(6.16)  32.87(6.00 0.001
PM, s surrounding school S0y 2 =20y <0
Sl 33.50(30.71)  33.50(34.38) 33.50(30.04 0.001
NO, surrounding school 50(30.72) 50(34.38) 50(30.04) <0

FEFEMBEKTE

Primary greenness metrics®
NDVlsg0 " 0.46(0.12) 0.46(0.12) 0.46(0.12) 0.990
VCFsoom” 8.47(6.01) 8.69(5.77) 8.47(5.99)  <0.001
NDVlsgq° 0.46(0.10)  0.46(0.10)  0.46(0.10)  0.195
VCFigom’ 8.53(4.60) 8.72(4.93) 8.53(4.60) 0.070

[GE* xxs; & n(%); # MUQR) . a: REERK; b: FREF{ K.
[Note]*: x +s; &: n(%); #: M(IQR). a: Annual maximum surrounding home;
b: Annual maximum surrounding school.

2.3 FERERXMNETRIFKFENRNER

T 2T, T NDViyy,,, EAMH AR E
FMFREE PM, s T NO, TTERDFNNEFT NDViggm
5) EEF BMI SaEKERRY 50%(95%Cl: 20%~80%) «
90%(95%Cl: 50%~160%) , MA R EIAE #Hr AR B]HY
RN EILR 3.
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Figure 1 The exposure-response relationships of NDVIsy, ., and

VCFsqo m surrounding schools or homes with zBMI in children and
adolescents

R 2 REHFRERAK NDVisgym 3K VCFsoom SILEFDE
zZBMI, EBERIXE
Table 2 The associations of annual maximum NDVl, ,, and
VCFsq m quartiles surrounding schools or homes with zBMI or
overweight in children and adolescents

%3 PM,; #1NO, IAEHIEETIENT F NDVisg , 3
VCFsoom 5)LEBVE zBMI KEEBIFR7TRIN
Table 3 Indirect effects of air pollution (PM, s, NO,) and weekly
exercise time linking NDVlgq ., and VCFsy, o, to zBMI in children

BRI 5 B
T8 (variable) 594 (Group) Indirect effect/total effect
P, 4+NO, {Ké’iﬁﬁd@?ﬁ@
Weekly exercise time
NDVlsgq " ol 1.00 1.00
Q2 -0.6 (-11.1~7.4) 0.0 (-0.2~0.2)
Q3 -0.2 (-0.5~0.1) 0.0 (0.0~0.0)
Q4 0.5(0.2~0.8)" 0.0 (0.0~0.0)
NDVlso " a1 1.00 1.00
Q2 3.1(-51.4~58.2) 0.0 (-0.1~0.1)
Q3 -6.2 (-41.4~38.2) 0.0 (-0.1~0.1)
Q4 0.9 (0.5~1.6)" 0.0 (0.0~0.0)
VCFsoom a1l 1.00 1.00
Q2 -0.6 (-44.7~50.0) 0.0 (0.0~0.0)
Qa3 0.8 (-153.3~132.5) 0.0 (-0.1~0.1)
Q4 -0.1(-1.7~1.5) 0.0 (-0.1~0.1)
VCFsoom’ a1 1.00 1.00
Q2 1.1(-2.5~4.4) 0.0 (-0.9~0.9)
Qa3 6.3 (-72.1~59.1) 0.0 (-0.4~0.4)
Q4 0.5 (-18.9~17.7) 0.0 (-0.8~0.9)

#BEE (Overweight)

= (Variable)  434H(Group) ZBMI [b (95%Cl)] [OR (95%¢1)
NDVlsgq " a1 1.00 1.00
Q2 0.02 (-0.01~0.05) 1.05 (0.98~1.12)
Q3 0.04 (0.01~0.07)" 1.07 (1.00~1.14)
Q4 -0.07 (-0.10~-0.04)" 0.92 (0.85~0.99)"
NDVlsg0 a1l 1.00 1.00
Q2 0.05 (0.01~0.08) 1.06 (0.99~1.14)
Q3 0.06 (0.02~0.10) 1.01 (0.94~1.09)
Q4 -0.04 (-0.08~-0.01)" 0.93 (0.86~1.00)
VCFsoom’ ol 1.00 1.00
Q2 0.03 (-0.01~0.06) 1.03 (0.96~1.11)
Q3 -0.03 (~0.07~0.00)" 0.96 (0.90~1.03)
Q4 -0.05 (-0.08~-0.01)" 0.97 (0.90~1.04)
VCFsoom” a1 1.00 1.00
Q2 -0.01 (-0.05~0.02) 0.98 (0.91~1.05)
Q3 -0.02 (-0.05~0.01) 0.95 (0.89~1.02)
Q4 -0.07 (-0.10~-0.04)" 0.91 (0.85~0.98)"

[Ela: KREE&AK; b: FRERK. *! P<0.05; REFEARIIR
Fie. MR KEFWA REEEZHE KT, al. Q2. a3 H
Q4 DHHEE—. Z. =M {iih,

[Note] a: Annual maximum surrounding home; b: Annual maximum
surrounding school.*: P < 0.05; Models are adjusted for age,
gender, annual household income, and highest parental education
attainment. Q1, Q2, Q3, and Q4 refer to the first, second, third,
and fourth quartiles, respectively.

[Ela REF&RK; b! FRERK. *: P<0.05; REFETFHE 4
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PHFEE—. Z. =S,

[Note] a: Annual maximum surrounding home; b: Annual maximum
surrounding school. *: P < 0.05; Models are adjusted for age,
gender, annual household income, and highest parental education
attainment. Q1, Q2, Q3, and Q4 refer to the first, second, third,
and fourth quartiles, respectively.
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