$547 %’% 4 LN A = - N N - ¢ Vol47 No.4

-
J 1) 2o b 3 5 5 AV 24 s o JRUIS: % BA S B 5
ZHAF LRI AL, FE AR, F R KRR KRRk

CLAM b BE R R 24 0 2 TLAE 22 B 2023 Z&ﬁuﬁ:ﬂi%gﬁ‘%%ﬂi,ﬂjt A FE 0500175 2.yl Ik BE R K 28 28 I T A 2 e
TATHG S DA G 22 B S A8 B BT 5 T (e bR 8 05 90 96 %, b A7 5 E 050017 ;3. b BERR A2 1 ks B2 g
JLEE SR ] At B R R 2 10 s s 56 o 0 SE 38 2, T A R 050017 54 P %2 B8 2 B 2 26 T A 2% B
Bevy P2 71002155, e KA BMF5E B . ) AR BRI 518083)

(HE] BE PPN Z 1% 4 R 30 2k b 5% 8% 5 % 8 4 /K & Clow birth weight, LBW , 4 #& 8 <C2 500 g)
W6l . F73k ARHIRIE A 1Bk A S B 5%, 36+ BE A 2 vh 0 B 22 BRI ECHE P (R BR L5 B LB HE 3% = W) P J
AN o BN A 2023 41 12 A —2024 45 12 7 78 DU G 43 W0 545 6 9 HE bR T 09 5016 U0 R 2 1), 3R I L 22 301 B 43
W AH G % kL, 3R I MODIS MOD13Q1 il i1 5 43 Hi 500 m 2% #f X )3 — 1k K 8% £5 5 3 {8 (normalized difference
vegetation index mean within 500 m buffer, NDVImean-500 m) 55 14 5% %I 4% #% $§ %X £ {ii Cenhanced vegetation index
mean within 500 m buffer, EVImean-500 m)., LA LBW Jy 432545 R, % Logistic [ H 3745 NDVI/EVICEER 0 0.1
P 5 LBW KUK A4 G IBE , IF k) 4t BR i 14 57 7 kE 4% (restricted cubic spline, RCS)PEAG I & — W e R . £ FE B
I (Model 2) P &It (=354 ) R EH FEIE  Z2H7 1K 5 #5 %0 (body mass index, BMD 441 577K . % 7£ Model 2 3&
Rt L F B 8 4 2 S (<37 JED " R A BRI (=37 JAD U T . R AR 2218 5 397 61, Hop
LBW 147 6], & = F K 2.72% (95% C1: 2.32%~3.19%) o 7E 58 4 AR i, EVImean-500 m &8 Jin 0.1 #.47 5
LBW XU F& A% A 56 (OR=0.488, 95 % CI:0.405~0.587 , P<<0.001) , NDVImean-500 m %% 5 —# (OR=0.690,95% CI:
0.587~0.810, P<C0.001) . RCS 43 # & 7% , 2 A~ 48 5 B 7R S 6 1 B 3% (P<<0.001) ; EVI #2758 JE £ 1 (P<C0.001)
NDVIA 0L AR LK (P=0.095) o BRHm i 4 22 6 K H BRI S, CIETT 10 5 00 07— 3. 851 7ES IR UL IRFEAR
rh, ZR ) R 3 b R B KT 5 LBW KU, B IR G, O 222 50 i — SR R AR . 5 T S PR I 5 T RE A AE AR R
TR A% 5 AR R Ay, 45 T N TR AL A R S R DM e B, i Tl — 2B TR ST S0 E R R OC R 5 R B AR

[kgA] 2L, AR 2% 1 55 8% 5 BRI IF Y doi:10.3969/j.issn.1007-3205.2026.04.012

[FESES] R723.19 [ #tiREB] A [XE=HE] 1007-3205(2026)04-0455-11

Cohort study of exposure to residental greenness during pregnancy and risk of low birth weight
WU Yue-fei', GENG Qiao-ling”, LIU Xiao-li*, BU Yu-ting", FENG Yan-cheng®,
ZHANG Jian-guo’, ZHANG Xiao-lin*

(1.Class 2023 of Food Hygiene and Nutrition, School of Public Health, Hebei Medical University, Shijiazhuang
050017, Chinas 2.Department of Epidemiology and Health Statistics, School of Public Health, Hebei Medical
University, Hebei Province Key Laboratory of Environment and Human Health, Shijiazhuang 050017,
China; 3.Department of Pediatric Dentistry, Stomatological Hospital of Hebei Medical University,

Key Laboratory of Stomatological Hospital of Hebei Medical University, Shijiazhuang
050017, CHina; 4.School of Public Health, Xi'an Medical University, Shanxi
Province, Xi'an 710021, China; 5.BGI Smart Research Institute ,

Guangdong Province, Shenzhen 518083, China)

[Abstract] Objective To examine the association between exposure to residential greenness during pregnancy
and the risk of LBW. Methods This retrospective cohort study conducted a secondary analysis based on existing

multicenter maternal-infant cohort databases (Chongqing, Guiyang, Chengdu, and Lianyungang). The study
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retrospectively included singleton pregnancies that delivered at these four centers between December 2023 and
December 2024 and met the inclusion/exclusion criteria. Pregnancy and delivery-related data were extracted, and
MODIS MODI13Q1 was used to estimate the normalized difference vegetation index mean within 500-m
buffer (NDVImean-500 m) and the enhanced vegetation index mean within 500-m buffer (EVImean-500 m). Using
low birth weight (LBW) as a binary outcome, logistic regression was used to assess the association between NDVI/
EVI (for every 0.1 unit increase) and LBW risk, and a restricted cubic spline (RCS) model was constructed to assess
the dose-response relationship. In the multivariate model (Model 2) , adjustments were made for advanced maternal
age (=35 years), educational level, pre-pregnancy body mass index (BMD) category, and parity. Sensitivity analyses
were also conducted on Model 2 for "additionally adjusted gestational age (<37 weeks)" and "term restriction ( =37
weeks)". Results Among 5 397 singleton pregnancies, 147 infants were born with LBW (2.72% ; 95%CI: 2.32% —
3.19%). In the fully adjusted model, higher EVImean-500m was associated with a lower risk of LBW (OR=0.488,
95%CI: 0.405—0.587; P<<0.001) per 0.1-unit increase; similar results were observed for NDVImean-500m (OR=
0.690, 95%CI: 0.587—0.810; P<C0.001). RCS analyses indicated significant overall associations for both
indices (P<C0.001). Evidence of nonlinearity was observed for EVI (P<C0.001) but not for NDVI (P=0.095). After
additional adjustment for gestational age and restriction to term births, the direction of association remained consistent
with that in the main analysis. Conclusion Exposure to residential greenness during pregnancy is associated with a
lower risk of LBW in singleton pregnancies in a dose-response manner. However, given potential residual confounding

and exposure misclassification in observational studies, the findings should be interpreted as correlational, and further

studies are needed to confirm causality and explore the mechanisms.
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Table 1 Comparison of baseline characteristics between the two groups

- - AR (1%, 76) R (1%, 26) SCAR AR B (15K, 2%6)
<35% =35% U R /N e =L KR LT
LBW #1 147 123(83.7) 24(16.3) 136(92.5) 11(7.5) 25(17.0) 25(17.0) 33(22.4) 64(43.5)
JELBWHl 5250 4767(90.8)  483(9.2) 4 538(86.4) 712(13.6) 1237(23.6)  983(18.7)  1049(20.0)  1981(37.7)
/7 A4 7.716 4.046 4.559
Py 0.005 0.044 0.207
am s MBS ) PRI ) WA %) I, %)
<185 18.5~23.9 24.0~27.9 =280 <3% =3%
LBW 4 147 28(19.0) 82(55.8) 24(16.3) 13(8.8) 144(98.0) 3(2.0) 2(1.4) 3(2.0)
JELBWH 5250  51209.8)  3189(60.7) 1119(21.3)  430(8.2)  4622(88.0)  628(12.0) 30(0.6) 162(3.1)
VAl 14.683 12.688 0.469 0.233
PE 0.002 <0.001 0.216 0.629
1 % i By 1 B B LA S (B8, 90) Gyt 0y R (BIEL, %) Gy Ue 2 R (B8, 0%0) LK
(1%, %) B prglio SEFTERAR Y ol pg <371 =37 JH [M(QR), cm]
LBW 41 147 13(8.8) 71(48.3) 76(51.7) 78(53.1) 69(46.9) 34(23.1) 113(76.9) 48.00(4.00)
FELBW4 5250 247(4.7)  2698(51.4) 2552(48.6) 3038(57.9) 2212(42.1)  201(3.8) 5 049(96.2) 48.00(5.00)
VAL 4.477 0.430 1.163 123.313 0.316
PY 0.034 0.512 0.281 <20.001 0.748
*2 TEMER
Table 2 Variable assignment table
ESES As A R {195 190
AR X1 <35%=0,=235%=1
3152 A X3 =37 f=0,<37H=1
PR X4 <3| =0,=3%k=1
BMI X5 18.5~23.9=0,<C18.5=1,24~27.9=2,>>28=3
ZHERE X6 R =0, 5 Ak R IR =1
i 2R iR L Y %H=0,2=1
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Table 3 Multivariate Logistic regression analysis of exposure to residential greenness and incidence of low birth weight

5 ml = 2 %L P 1 15 Wald y*fi5 P OR{H 95%CI

Model 0

EVImean-500m -0.596 0.085 49.0 <20.001 0.551 0.466~0.650
NDVImean-500m -0.416 0.084 24.4 <0.001 0.660 0.559~0.778
Model 1

EVImean-500m -0.627 0.089 49.9 <<0.001 0.534 0.448~0.636
NDVImean-500m -0.406 0.084 23.5 <0.001 0.666 0.565~0.786
Model 2

EVImean-500m -0.717 0.095 57.1 <0.001 0.488 0.405~0.587
NDVImean-500m -0.371 0.082 20.3 <0.001 0.690 0.587~0.810

F4 EVISISENBERES S
Table 4 Descriptive distribution of EVI by quartile groups

EVI M4 R LBW 7 %4 LBW &/ES (%) EVIHh {3 % EVI¥{i
Ql 2102 32 1.52 0.155 0.155
Q2 637 96 15.07 0.229 0.224
Q3 1353 25 1.85 0.425 0.418

Q4 1364 12 0.88 0.681 0.688
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Table 5 Logistic regression analysis of NDVI quartiles and LBW risk (singleton samples)

AS ik MUEER T o 1% Wald y*{H P1i ORfH 95%CI
Model O

Ql — — — — 1.000 —

Q2 -0.641 0.216 8.807 0.003 0.527 0.345~0.804

Q3 -0.478 0.337 2.013 0.156 0.620 0.319~1.204

Q4 -0.531 0.228 5.412 0.020 0.588 0.376~0.920
Model 1

Ql - - — — 1.000 —

Q2 -0.654 0.212 9.550 0.002 0.520 0.340~0.796

Q3 -0.514 0.340 2.293 0.130 0.598 0.307~1.167

Q4 -0.557 0.231 5.803 0.016 0.573 0.365~0.900
Model 2

Q1 — — — — 1.000 —

Q2 -0.612 0.218 7.879 0.005 0.542 0.352~0.834

Q3 -0.498 0.350 2.022 0.155 0.608 0.306~1.207

Q4 -0.583 0.232 6.311 0.012 0.558 0.354~0.880

SEA ALY (Model 2) #1, NDVImean-500 m
5 LBW XU Sk 2 W2 e (P<<0.00D),
KL BN et 28 2 AR L Ok (P=0.095) ;
EVImean-500 m 5 LBW XU & 1A 75 &2 5 2 1 1) 56

I (P<<0.00D), H#ERAEFELELR (P<
0.001>, MW 2% 6. 5 & — /e pih 22w, Bl
NDVImean-500 m & EVImean-500 m 7K F J| & ,
LBW XU B AR T RE (1. #12),

#*6 RCSHB4LR
Table 6 RCS test results

R FRIEHF(500 m) SRR Rk P AL 1 AL P
NDVImean-500 m(i%E%E) 31.06 <20.001 4.77 0.095
EVImean-500 m(i%E%%) 86.43 <20.001 20.88 <20.001
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E1 ZEFEEH 500 m 4 A X NDVImean-500 m 5 LBW R FIE— KX &
Figure 1 Dose-response relationship between NDVImean-500m and LBW risk during pregnancy
B2 ZHFEMER 500 mmE X EVImean-500 m5 LBW R HIFI & — R KX &

Figure 2 Dose-response relationship between EVImean-500 m and LBW risk during pregnancy

2.4 HWURMANT FIBB W T REA T “ &
o FE >R m—>LBW” AR R B, AR5 A A
Jif BE A JF R OO M b . O FFE B
A (Model 2) HEfilt b B fm i 2% 3 6 22 J5) (<37
JD s OF R ANBE (CERZ=378) it 17 R 4
BT OB R FEGY A 53 06 20 TR A8 D) o S5 R oK,

W3 00 AU 23 HF S NDVImean-500 m 5 EVImean-
500 m CHREHETNO. 19Af7) 5 LBW KUES B MIG A9 G B
Jr 5 EHr— B, R G5 0 2 A Ak B
AAfaddr:, k7,

2.5 AWM AKRES BTSN ik X
ok b 7 5 5 AN ) AR AR T A B DG IR, AR AF 5
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Table 7 Sensitivity analysis
ST E - jﬁfj’; o, FUHREC BRER Wadi i PE ORML 95%cr

F 4B (Model 2, R 2 7)) NDVImean-500 m -0.371 0.082 20405  <C0.001 0.690  0.587~0.810
F 4B (Model 2, R 22 7)) EVImean-500 m -0.717 0.095 57.421  <C0.001 0.488  0.405~0.587
UM 1: Model 2+ i # 22 & (<237 8D NDVImean-500 m -0.317 0.079 16.087  <<0.001 0.728  0.624~0.851
U 1: Model 2+ B i 22 i (<37 1) EVImean-500 m -0.709 0.094 56.531 <<0.001  0.492  0.409~0.592
PO 22 T BRI (22 )5 =37 il NDVImean-500 m -0.414 0.098 17.932  <<0.001 0.661  0.546~0.801
PO 22 T BRI (22 )5 =37 D EVImean-500 m -0.65 0.098 43.958  <<0.001 0.522  0.431~0.633

PLEH B E LN S I, R H 230 Logistic 9115
BRI IEAT AN FE 0 AT o S5 R o, EVIAER MO, 14
i 5 LBW & 4 KB B K A0 ¢ (OR=0.748,
95%CI; 0.708~0.792, P<<0.001), H5E KJL
KA KB JC B #E LB (OR=1.041, 95%CI:
0.958~1.132, P=0.341); NDVIZEEAML, B4

om0, 1A 5 LBW A& 4B KR BE AR ¢ (OR=
0.847, 95%CI: 0.776~0.925, P<C0.001), Tii
HE KJLE A& KK L & #F XK (OR=1.028,
95%CI: 0.952~1.111, P=0.473). /524
Hh 7 5 A R Y I S BRI AE LBW XURS: [
i, midEE KJLAR AL, WS,

*8 ZKUllLogisticMIFN - FMRBESFEHEGESE

Table 8 Multinomial Logistic regression analysis of exposure to greenness and different birth weight classifications

TR 4 Jry Al EVEEX 4 T o 15 Wald y i PH ORfH 95%CI
EVICEn0.1) LBW wvs. IE# -0.290 0.028 107.143 <<0.001 0.748 0.708~0.792
EVICE 1 0.1) FRJL vs. 1IEH 0.040 0.042 0.901 0.341 1.041 0.958~1.132
NDVICEH10.1) LBW ws. IE% -0.166 0.030 30.778 <£0.001 0.847 0.776~0.925
NDVICE#H10.1) FR )L vs. 1IEH 0.028 0.039 0.515 0.473 1.028 0.952~1.111

2.6 HLHI B2 1 1 A SRS E HR 1. 2.3 Bk
Tk, PLRE (37D MR h AR R, XSt
£ #% (EVImean-500 m. NDVImean-500 m) %5
LBW {0 CBEIAT I R A 51 . 45 R, Sk
515 15 LIBW R (10 I T 48 43 i L

K e, LLF = R A, EVImean-500 m £ 1
ool AL b A e Bl S 2.49% (95%CI:
0.63%~4.96%) ; NDVImean-500 m % 3 fin 0. 1
M B oA e 10.31%  (95%CI: 4. 58% ~
19.06%). W9,

®9 BFE(<S7H)EZMERSRUECEEXEPNPNBES T

Table 9 Mediation analysis of preterm birth (<37 weeks) in the association between exposure

to greenness during pregnancy and LBW

e LN N N . )
. S A AE 1 8K I 4 807 ERJER U =¥ da A H A 20
CEESE N 0.1 Bz )
EVImean-500 m B (<370)  ~0.0003 (-0.0007~-0.0001) -0.0134 (-0.0159~-0.0113) -0.0138(-0.0163~-0.0117) 2.49(0.63~4.96)

NDVImean-500 m  =(<Z37J8)  -0.0008 (-0.0014~-0.0003)

-0.0070(-0.0094~-0.0047)

-0.0078 (-0.0101~-0.0055) 10.31(4.58~19.06)

2.7 LM B FEKT 5 LBW & 4 KUK ) 56 56 4 B
O LWL JE 7 AN (] o Ml % 5 21 5 LBW XU 1) 73 A1
FRAE, AR SCAM ST & 23 67 0 4100 B 45 2R I 36 10~
120 % B ENZ 5 B by 52 V) sl 0k £ KA o3 A 52 i
HH O 45 2R 2 BT T A R B R, AR SOy
A T AT LA 2 (] ) R R ST 5 A R A
3 i it

3.1 SEREMTSERY I BRI AR, 22
1 J A bS] 30 2 b B 9 5 A0 Y A 5 JR AR OGO

RAS [R] DX 0 S Ak K P B 88 P AL 73k (NDVI/
EVI. X RE . B g e DA &
MEFAEER, FERNBEIFAEE M. RE
Liik 5 Meta 4 Hr i i IA Ry, 36T NDVI 1) & b 2
B S AR R E B . LBW XU B K AH
o6 oA X L 5 SGA B IE R 7E AN [R] BIF 5 2 [
PHAFAE — 8 SR 2 3B 4 KAEA AR 2 il Bk
BA 51 BIF 5% 5] i fi F ND VI 5 EVI Al 22 8 45 i 5
#E, WUE R LBW XU BRI, IF487R ol e A2k
LR — VAR AR Y, SR ST RCS 45 R h
EVIFAEAE L IR i & BRI & o 1bah, S0 0F
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Table 10 Associations of continuous exposure to greenness with the risk of low birth weight

A5 4k Il )4 & 41 T 1 5% Wald y*{f Pl OR 95%CI
Model O

EVImean-500 m(453 /i 0.1) -0.252 0.027 85.900 <20.001 0.777 0.737~0.820

NDVImean-500 mC4E34 i 0.1) -0.186 0.045 17.278 <20.001 0.830 0.760~0.906
Model 1

EVImean-500 mCAE3110.1) -0.278 0.028 96.778 <20.001 0.757 0.716~0.800

NDVImean-500 mCAE3 11 0.1) -0.167 0.045 13.898 <20.001 0.846 0.775~0.924
Model 2

EVImean-500 mCA&:3 11 0.1) -0.285 0.029 97.887 <20.001 0.752 0.711~0.796

NDVImean-500 mC&E3 11 0.1) -0.166 0.045 13.735 <20.001 0.847 0.776~0.925

F11 NDVIES I E5 LBW & ER# X B S #
Table 11 Associations of NDVI quartiles with the risk of low birth weight

G EEEER FrifEiR Wald & P{E OR{H 95%CI
Model O

Q1 — — — — 1.000 —

Q2 0.194 0.118 2.722 0.099 1.214 0.964~1.527

Q3 -0.412 0.227 3.307 0.069 0.662 0.424~1.033

Q4 -0.358 0.147 5.916 0.015 0.699 0.524~0.932
Model 1

Q1 — — — — 1.000 —

Q2 0.316 0.122 6.635 0.010 1.371 1.078~1.743

Q3 -0.419 0.233 3.214 0.073 0.658 0.416~1.039

Q4 -0.341 0.151 5.095 0.024 0.711 0.529~0.956
Model 2

Ql — — — — 1.000 —

Q2 0.343 0.125 7.550 0.006 1.409 1.104~1.799

Q3 -0.411 0.234 3.085 0.079 0.663 0.420~1.048

Q4 -0.335 0.151 4.956 0.026 0.715 0.532~0.961

Fz12 EVIESMIHAS LBW % £ KB KB ST
Table 12 Associations of EVI quartiles with the risk of low birth weight

G EIEERA PR Wald PH ORTfH 95%CI
Model O

Q1 — — — — 1.000 —

Q2 0.546 0.126 18.856 <20.001 1.726 1.349~2.208

Q3 -0.705 0.137 26.610 <20.001 0.494 0.378~0.646

Q4 -1.050 0.154 46.690 <20.001 0.350 0.259~0.473
Model 1

Q1 — — — — 1.000 —

Q2 0.416 0.136 9.353 0.002 1.516 1.161~1.979

Q3 -0.711 0.139 26.028 <20.001 0.491 0.374~0.646

Q4 -1.207 0.161 56.573 <20.001 0.299 0.218~0.409
Model 2

Ql - — — — 1.000 —

Q2 0.385 0.137 7.853 0.005 1.470 1.123~1.925

Q3 -0.742 0.141 27.624 <20.001 0.476 0.361~0.628

Q4 -1.234 0.161 58.554 <20.001 0.291 0.212~0.399
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