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Effects of green space on low birth weight and preterm birth
SONG Gui-shuang’, WANG Hong, XIAO Cheng-han, YU Chuan, LIU Zhen—mi
“West China School of Public Health, Sichuan University/West China Fourth Hospital, Chengdu, Sichuan 610041, China

Abstract: Objective To study the impact of exposure to green space during pregnancy on low birth weight (LBW) and
preterm birth (PTB) in pregnant women, and to explore the susceptible window period of green space exposure, providing data
support for related research fields. Methods This study recruited pregnant women and their infants in the Sichuan multi-lev-
el infant and early life (SMILE) cohort study as the research subjects, and information on sociodemographic characteristics,
lifestyle habits, and birth outcomes were collected. A 250m buffer zone was delineated based on the pregnant women’s resi-
dential addresses, and the average normalized difference vegetation index (NDVI) during pregnancy was calculated. Cox pro-
portional hazards regression models were used to analyze the impact of green space exposure during pregnancy on LBW and
PTB and to identify the key window period of green space exposure affecting LBW and PTB. Results In total 6 612 pregnant
women were included in this study, and the prevalence rates of LBW and PTB were 3.36% and 3.43%, respectively. It was
found that the fourth quartile of NDVI was negatively correlated with LBW and PTB (LBW:HR=0.38, 95%CI: 0.24-0.59, P=
0.012; PTB: Q4: HR=0.33, 95%CI: 0.21-0.51, P < 0.001). In the third trimester of pregnancy, NDVI had a protective effect
on LBW (Q2: HR=0.28, 95%CI: 0.19-0.42, P=0.003; Q3: HR=0.17, 95%CI: 0.11-0.27, P<0.001; Q4: HR=0.07, 95%CI:
0.04-0.12, P<0.001) and PTB (Q2: HR=0.19, 95%CI: 0.13-0.28, P < 0.001; Q3: HR=0.10, 95%CI: 0.07-0.16, P<0.001; Q4:
HR=0.03, 95%CI: 0.02-0.06, P<0.001), and as the level of NDVI increased, the protective effect became stronger. Conclu-
sion Green space during pregnancy is negatively correlated with LBW and PTB. Late pregnancy may be a key window period
of exposure, and higher levels of green space are more beneficial for maternal and child health.
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Table 1 NDVI distribution of the study subjects

24t (vxs) Min Pss Py Prs Max IQR
Zp R 0.36 +0.14 0.05 0.26 0.35 0.46 0.91 0.20
Zfail] 0.35+0.13 0.04 0.24 0.33 0.43 0.90 0.19
21639 0.35+0.14 0.03 0.24 0.32 0.41 0.91 0.17
A 0.35+0.12 0.11 0.25 0.32 0.45 0.80 0.20
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Table 2  The basic characteristics of the study population (n(%),(x+s)]

- LBW(n=6612) = (n=6612)
E(n=215) 75 (n=6397) PiE JE(n=227) 75 (n=6385) PIE
P53 0.006 0.574
5 91 (42.32) 3327 (52.01) 122 (53.74) 3296 (51.62)
E’e 124 (57.68) 3 070 (47.99) 105 (46.26) 3 089 (48.38)
FER () 0.439 0.898
1 140 (65.11) 3984 (62.27) 143 (63.00) 3981 (62.35)
=2 75 (34.89) 2413 (37.73) 84 (37.00) 2 404 (37.65)
R 0.083 0.623
F=s 64 (29.76) 1 446 (22.60) 58 (25.55) 1452 (22.74)
eSS 60 (27.91) 1955 (31.18) 75 (33.04) 1940 (30.38)
B 54 (25.12) 1649 (25.77) 57 (25.11) 1 646 (25.78)
L& 37 (12.21) 1 347 (20.05) 37 (16.30) 1347 (21.10)
BISRAERS (%) 28.87 +4.91 28.62 +4.08 0.447 29.19 +4.74 28.60 +4.09 0.066
BESEZET BMI(kg/m?) 24.82 +3.26 25.19 +3.18 0.105 2522 +3.26 25.18 +3.18 0.830
B oE Rk 0.513 1.00
i 208 (96.74) 6230 (98.79) 221 (97.35) 6217 (97.37)
HiAl 7 (3.26) 167 (1.21) 6 (2.65) 168 (2.63)
BERHR KT 0.504 0.135
o &R 47 (21.86) 1181 (18.46) 50 (22.03) 1178 (18.45)
(oL ER 52 (24.18) 1 606 (25.10) 50 (22.03) 1608 (25.18)
pN 58 (26.98) 1955 (30.56) 65 (28.63) 1948 (30.51)
EN YN 58 (26.98) 1655 (25.88) 62 (27.31) 1651 (25.86)
FIEFIA(IT) 0.194 0.017
<6000 87 (40.46) 2350 (36.74) 78 (34.36) 2359 (36.95)
6 000 ~ <10 000 64 (29.76) 2146 (33.54) 89 (39.21) 2121 (33.22)
10 000 ~ <20 000 43 (20.00) 1456 (22.76) 41 (18.06) 1458 (22.83)
=20 000 21 (9.78) 445 (6.96) 19 (8.37) 447 (7.00)
BRI Ol 0.851 1.00
b= 83 (38.60) 2414 (37.74) 86 (37.89) 2411 (37.76)
i 132 (61.40) 3983 (62.26) 141 (62.11) 3974 (57.54)
BRSNS 0.888 0.264
= 63 (29.30) 1831 (28.62) 73 (32.16) 1821 (28.52)
i 152 (70.70) 4566 (71.38) 154 (67.84) 4564 (71.48)
BEEIRIG 0.214 0.026

2 7(3.26) 129 (2.02) 10 (4.41) 126 (1.97)
& 208 (96.74) 6269 (97.98) 217 (95.59) 6259 (98.03)
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- LBW(n=6 612) 5= (n=6 612)
R (n=215) 75 (n=6397) P R (n=227) 75 (n=6385) P{E
BEEEOE 1.00 1.00
i 213 (99.06) 6327 (98.90) 225 (99.12) 6315 (98.90)
Ea 2(0.94) 70 (1.10) 2(0.88) 70 (1.10)
3% GDM 0.628 0.514
i 39 (18.13) 1065 (16.65) 42 (18.50) 1062 (16.63)
& 176 (81.87) 5332 (83.35) 185 (81.50) 5323 (83.37)
+f5% HDP 2 0.089 0.055
2 8(3.72) 130 (2.03) 9 (3.96) 129 (2.02)
w 207 (96.28) 6267 (97.97) 218 (96.04) 6256 (97.98)
PM, s(ug/m’)
s T 37.68 +7.49 37.87+7.29 0.701 37.87£7.27 37.73 £8.12 0.788
Zp LAY 37.88 + 13.41 36.81 +14.59 0.320 36.82 + 14.58 35.57 +13.95 0.186
Ziy) 36.79 + 13.49 38.63 = 13.78 0.050 38.59 + 13.75 38.09 + 14.27 0.606
21 1] 4036 + 17.38 38.19 + 16.40 0.071 3822+ 16.41 39.53 +17.33 0.264
R 3 BAZEW NDVI 5 LBW B Cox Fo KU [ 15 2347
Table 3 Cox proportional hazards regression analysis of NDVI and low birth weight during pregnancy
NDVI 40401 R 1 LT 2 5% 3
HR(95%CI) P HR(95%CI) P HR(95%CI) P
01 (<0.255) =40 — e — ZHE —
02 (0.256 ~ 0.326) 0.62 (0.44 ~ 0.89) 0.011 0.61 (0.43 ~ 0.88) 0.008 0.59 (0.41 ~ 0.85) 0.004
03 (0.327 ~ 0.445) 0.74 (0.52 ~ 1.05) 0.094 0.70 (048 ~ 1.00) 0.055 0.63 (0.43 ~ 0.92) 0.017
04 (=0.446) 0.46 (0.31 ~ 0.69) <0.001 0.44 (0.29 ~ 0.67) <0.001 0.38 (0.24 ~ 0.59) <0.001
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KU [E1E 2 Hr 225U 522 Fh ) NDVI AT LBW 2 [H]
B BN oA 2P (P>0.05) , (HZ2 ] NDVI 5
LBW Z RIS HAC, HFEHE S NDVI Y47 4L

0.19 ~0.42,P=0.003;Q3:HR=0.17,95% CI:0.11 ~027,
P <0001;04:HR=0.07,95% CI:004 ~0.12, P <
0.001), W3 4,

R4 ARFEIZEH NDVIH LBW 1 Cox LA XU 119434

Table 4 Cox proportional hazards regression analysis of NDVI and low birth weight during different trimesters of pregnancy

- I Y 1 I 2 R 3

HR(95%CI) P HR(95%CI) P{H HR(95%CI) P1a

Zp R Q1 (<0.263) Z%(d — ZE(H — Z%1H —
02(0.264 ~0.346)  1.04(0.71 ~ 1.52) 0.816 0.96 (0.65 ~ 1.42) 0.866 0.93 (0.63 ~ 1.39) 0.753
03 (0.347 ~0.457)  1.11(0.76 ~ 1.60) 0.592 1.01 (0.69 ~ 1.49) 0.951 0.97 (0.65 ~ 1.46) 0.906
04 (=0.458) 0.89 (0.61 ~ 1.32) 0.586 0.83 (0.54 ~ 1.27) 0.406 0.79 (0.51 ~ 1.24) 0.321

i Q1 (=<0.245) 2%l — S50 — Z%(E —
02 (0.246 ~0.330)  1.07 (0.74 ~ 1.55) 0.706 1.00 (0.68 ~ 1.47) 0.986 0.90 (0.61 ~ 1.34) 0.616
03(0.331 ~0.433)  1.14(0.79 ~ 1.65) 0.470 1.08 (0.73 ~ 1.60) 0.672 0.95 (0.64 ~ 1.43) 0.840
04 (=0.434) 0.79 (0.53 ~ 1.19) 0.270 0.75 (0.48 ~ 1.15) 0.194 0.64 (0.41 ~ 1.01) 0.059

ZE 0 Q1 (<0.241) Z%1H — el — el —
02(0.242~0.329) 047 (033~0.65)  <0.001 0.34 (0.23 ~ 0.49) <0.001 0.28 (0.19 ~ 0.42) <0.001
03 (0330 ~0.441) 033 (023~048)  <0.001 0.21 (0.14 ~ 0.37) <0.001 0.17 (0.11 ~ 0.27) <0.001
04 (=0.442) 0.16 (0.10~027)  <0.001 0.09 (0.05 ~ 0.16) <0.001 0.07 (0.04 ~ 0.12) <0.001
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FLREZE NDVI U 5307 50 38 i 48 4 48 i (Q2:
HR=0.54,95% CI:0.37 ~0.77,P=0.001;Q3: HR=0.54,

AL 95% CI:0.37 ~0.78,P=0.001;Q4: HR=0.33,95% CI -
2.3.1 BAZEWSO S [ BEE S R0 Cox FEHIX 021~0.51,P<0.001), W& S,
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Table 5 Cox proportional hazards regression analysis of NDVI and preterm birth during pregnancy

NDVI 4346 R 1 HLTR 2 iR 3

HR(95%CI) P{HE HR(95%CI) PE HR(95%CI) PE
01 (<0.259) = — Al — Z% {0 —
02 (0.260 ~0.326)  0.57 (0.40 ~ 0.82) 0.002 0.57 (0.39 ~ 0.81) 0.002 0.54 (0.37 ~ 0.77) <0.001
Q3 (0.327 ~ 0.445) 0.66 (0.48 ~ 0.93) 0.018 0.62 (0.44 ~ 0.88) 0.007 0.54 (0.37 ~0.78) 0.001
Q4 (=0.446) 0.42 (0.28 ~ 0.62) <0.001 0.39 (0.26 ~ 0.59) <0.001 0.33(0.21 ~0.51) <0.001

T B 1MUY RV AAT AT AR s A 2 PR LRSI PRI AR T BERARIY (R ET BMI L R R K RESEIARTE B B sh A
s PRI i (GDM s CHDP S AR 3 ZERRR 2 BYBERN [, N AR PM,s %

2.3.2 A[FZEIS 07 [ 2 EE 5571 Cox IR
B 400 22 ) NDVI AR 22 ] i 6 BR A
A EVE(P>0.05), (B4 F1] NDVI 55 =433 Z0R
2N S (0 25 ) R R 5 L™ 2 R R AR OG , HLREE 242

M S NDVI DU 237 5 38 PR30 4 F Aok (Q2:
HR=0.19,95%CI: 0.13 ~0.28,P<0.001;Q3: HR=0.10,
95% CI: 0.07 ~0.16,P <0.001;0Q4:HR=0.03,95% CI-
0.02 ~ 0.06,P<0.001), W% 6,

=6 RIFAIZWY NDVI 552/ Cox Huil AU [B1H 5347

Table 6 Cox proportional hazards regression analysis of NDVI and preterm birth during different trimesters of pregnancy

Sy NDVI 441 [l i 2 R 3

HR(95%CI) PAE HR(95%CI) P HR(95%CI) PAH

] Q1 (=<0.263) 2%l — E =0 — 2%l —
Q2 (0.264 ~ 0.346)  1.10 (0.77 ~ 1.56) 0.584 0.99 (0.69 ~ 1.42) 0.978 0.95 (0.66 ~ 1.38) 0.813
03 (0.347 ~0.457)  0.73 (0.49 ~ 1.07) 0.111 0.64 (0.43 ~ 0.97) 0.035 0.62 (0.41 ~ 0.94) 0.024
04 (=0.458) 0.89 (0.62 ~ 1.29) 0.558 0.78 (0.52 ~ 1.16) 0.221 1.35(0.48 ~ 1.12) 0.152

2t Q1 (<0.245) ZHE — Z%H — Z%H —
02 (0.246 ~ 0.330)  1.07 (0.75 ~ 1.52) 0.701 1.07 (0.74 ~ 1.54) 0.706 0.98 (0.67 ~ 1.44) 0.950
03 (0.331 ~0.433)  0.86 (0.59 ~ 1.25) 0.435 0.87 (0.58 ~ 1.29) 0.491 0.78 (0.52 ~ 1.18) 0.252
Q4 (=0.434) 0.91 (0.63 ~ 1.32) 0.629 0.93 (0.62 ~ 1.40) 0.749 0.83 (0.54 ~ 1.27) 0.394

Z Q1 (<0.239) 2% (H — Z%1H — 28 —
02 (0.240~0.329) 041 (029~0.56)  <0.001 0.24 (0.17 ~ 0.35) <0.001 0.19 (0.13 ~ 0.28) <0.001
03 (0.330 ~ 0.440)  0.25(0.17~0.37)  <0.001 0.14 (0.09 ~ 0.21) <0.001 0.10 (0.07 ~ 0.16) <0.001
04 (=0.441) 0.08 (0.05~0.16)  <0.001 0.04 (0.09 ~ 0.21) <0.001 0.03 (0.02 ~ 0.06) <0.001
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