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Association between street view greenness and allergic rhinitis in children HUANG Weile',
WANG Ruoyu?®, LIU Fangjie’, HUANG Wenzhong®, DONG Guanghui®, YU Hongyao® (1. Shiyan
Preventive Health Care Institute, Bao'an District, Shenzhen 518108, China; 2. Institute of
Geography, School of GeoSciences, The University of Edinburgh, Edinburgh EH8 9 XP, UK;
3. Guangdong Provincial Engineering Technology Research Center of Environmental Pollution
and Health Risk Assessment, Department of Occupational and Environmental Health, School of
Public Health, Sun Yat-sen University, Guangzhou 510080, China)

Abstract:

[Background] Studies on the association between greenness exposure and allergic rhinitis (AR)
in children are mostly conducted in developed countries, and the conclusion is not consistent.

[Objective] Using street view data to explore the association between greenness exposure and
allergic rhinitis (AR) prevalence in Chinese children.

[Methods] A cross-sectional study was conducted among 40868 children aged 2-17 years in
threecities of Northeast Chinafrom 2012 to 2013, which consisted of 20886 (51.1%) boys and 19 982
(48.9%) girls. The information of AR prevalence was obtained through questionnaire. Based on
downloaded street view images from Tencent Maps, a green view index (GVI) of green
vegetation (trees and grass) within 800 m and 1000 m buffer of the participants' schools was
calculated by using artificial intelligence, and it was used as a surrogate of the greenness
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exposure. A mixed-effect logistic regression model was used to estimate the odds ratio (OR) of AR prevalence in children for per increase
of inter-quartile range (/QR) of GVI. In addition, according to ambient PM, s concentration, the participants were divided into a low PM, ¢
exposure group (<56.23 pg-m™) and a high exposure group (>56.23 ug-m™) to investigate whether PM,, was a modifier on the
association between GVI and AR.

The average age of the subjects was (10.4043.68) years and 3 963 (9.7%) subjects reported diagnosed AR. Within 800 m buffer,
an IQR increase in GVI for trees (/QR=0.031, OR=0.85, 95%C/: 0.81-0.90) and overall greenness (/QR=0.029, OR=0.86, 95%Cl: 0.81-0.90)
was associated with lower adjusted odds ratio of AR. The interaction between PM, and GVI was statistically significant (P<0.1), that is,
the negative associations of trees and overall greenness with AR were observed only at low PM, s exposure levels. The sensitivity analysis

results of GVI within 1000 m buffer was consistent with that within 800 m buffer.

Exposure to green vegetation, especially trees, may be associated with decreased risks of AR in children, and such
associations may be more obvious in areas with a low PM, s concentration.

street view; greenness; fully convolutional network; green view index; allergic rhinitis
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Figure 1 Street view image (A) and converted segmentation
image (B)
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Table 1 Characteristics of participants

IR R

. it (Total Allergic rhinitis
& (Variable) el
(n=40868) 2 (Yes) Z(No)
(n=3963) (n=36905)
/% (Age/years)(x £ 5) 10.44+3.68  11.06+3.43 10.38+3.70  <0.05
B HRARETE)/(h- A7)
Exercise time/(h-week™) 6.37+7.56 5.94+7.29 6.41+7.59 <0.05
(x+s)
4£5l(Gender)[n(%)] <0.05
58 (Male) 20886(51.1)  2430(11.63) 18456(88.37)
2Z(Female) 19982(48.9)  1533(7.67)  18449(92.33)
REBEA— A TR RE
HEKFE<FH
Highest level of education <0.05
attained by either parent<
high school [n(%)]
MERLUR 9686(23.7) 850(21.4) 8836(23.9)
Below high school ’ ’ ’
e ELE 31182(76.3)  3113(78.6)  28069(76.1)
High school and above : ’ ’
KEEFUWIN/TT
Family income per <0.05
year/Yuan [n(%)]
<10000 7596(18.6) 722(18.2) 6874(18.6)
10000~ 14047(34.4)  1263(31.9)  12784(34.6)
30000~ 15660(38.3)  1558(39.3)  14102(38.2)
2100000 3565(8.7) 420(10.6) 3145(8.5)
TRFREY(Pet kept) [n(%)] 4410(10.8) 523(13.2) 3887(10.5) <0.05
BER¥(Obesity) [n(%)] 3098(7.6) 353(8.9) 2745(7.4)  <0.05
GVlgoom[M(IQR)]
WA (Tree) 0.083(0.031) 0.082(0.032)  0.083(0.031) <0.05
B (Grass) 0.001(0.004) 0.002(0.004)  0.001(0.004) <0.05
SERH(Overall) 0.089(0.029)  0.088(0.030)  0.090(0.029) <0.05
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AR BY OR X2 95%CI B3 5P 15%(10%~19%) F1 14%
(10%~19%) o

T2 GVlgn, FHEIML D IQREILEF VEIHM
SRAIKE
Table 2 The association between GVlgy, ., per IQR increase and
allergic rhinitis in children

LR 1REY | (Model |) 12 11 (Model 11)
Type of greenness g 95%CI P OR 95%CI P
WA (Tree) 0.94 0.90~099 <0.05 0.85 0.81~0.90 <0.05
E3(Grass) 1.05 1.00~1.10 <0.05 1.03 0.98~1.08 0.19
B4R (Overall) 095 0.91~1.00 <0.05 0.86 0.81~0.90 <0.05

[ AR |, RAAREY, A, AR, MR, IR E. REFUK
AN REBZHERE. BHEFEY; WA, Efl 254
GVlgom BY 1 N 1QR 535179 0.031. 0.004. 0.029,

[Note] Model |, crude model; Model I, adjusted for age, gender,
exercise time, family income, parental income, obesity and pet
kept; Tree per IQR, 0.031; Grass per IQR, 0.004; Overall greenness
per IQR, 0.029.
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E/5, 7 PM,IRBEH, AR GVigyp,, MR GViggo
5 AR ERAXKEE, HARF BLZM GVigy,, SEI 1 D
IQR(I K : 0.031; S 4E M. 0.029), ARBY OR & E
95%CI 1B 73 B! B& 1% 17%(8%~25%) F] 15%(7%~23%)
M1 PM, s SR, GVig, ., 5 AR XX TSI FE
Xo HILE 2,

13
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1.0 J_
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165 (Low) |%‘ (High) [ 1 (Low)|.%‘ (High)| 1E€ (Low) |‘.%‘ (High)
PM,s = PMy; PM,s ~ PMy; PM,s = PMy;
4 (Tree) i (Grass) B4 (Overall)

U] EEEERER. M5, BIEEE. KEFEKRAN. REZHEEE.
IEREAAFREY; RBEEH, PM,; <5623 ugm™”; S REAH,
PM, ;s >56.23 pg-m™>; FK GVl 1 N IQR 790.031; B GV, 1
IQR 79 0.004; 2ERH GViggy, 1 1™ IQR 79 0.0296 Pxe3d < 0.10

[Note] Model is adjusted for age, gender, exercise time, family income
per year, parental education, obesity, and pet kept; Low exposure
area,PM, ; < 56.23 pg-m>; Highexposurearea,PM, ; > 56.23 pg-m™>;
GVlgg, Of tree per IQR, 0.031; GVlgy,, of grass per IQR, 0.004;
GVlgg , of overall greenness per IQR, 0.029. All P, < 0.1.

2 PM,s X GVlgyom 5)LEFTVEI BB X XREXNEE(ER
Figure 2 Modifying effect of PM, ; on the association between
per IQR increase of GVlgy, ., and allergic rhinitis in children
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F GVlggo , FBX RN 0.95(P<0.05) o 1F T4 FE#1K}
Sl
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U] EaERER. S5, BIEE. KREEBRAN. REZHEREE.
BEREANEIFR 72, 1RRRRA, PM, , < 56.23 pg'm™; 54, PM,, >
56.23 ug'm™>; M K GVlggm1 1 IQR A 0.033; B M GVigy,y 1 1
IQR 73 0.004; 2LFH GVlgy 1 1> IQR 73 0.0340 P 5533 < 0.10

OR

[Note] Model is adjusted for age, gender, exercise time, family income
per year, parental education, obesity, and pet kept; Low exposure
area,PM, s < 56.23 pg-m>; Highexposurearea,PM, s > 56.23 pg:-m™>;
GVlggo m Of tree per IQR, 0.033; GVlgy,, of grass per /QR, 0.004;
GVlggm Of overall greenness per IQR, 0.034. All P, ., <0.1.
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Figure 3 Modifying effect of PM, on the association between
per IQR increase of GVI, 4 and allergic rhinitis in children
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