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Abstract

Objective: Previous studies have indicated that an increase in exposure to green space is asso-
ciated with a decreased risk of mortality from chronic diseases. However, health effects of expo-
sure to green space are heterogeneous among diverse regions. Based on diabetes cohort data from
Zhejiang Province, this study has explored an association between exposure to green space and
type 2 diabetes (T2DM) mortality, and the potential mediators. Methods: Based on the diabetes
cohort of Zhejiang Provincial Center for Disease Control and Prevention, our study included adult
T2DM patients. Exposure to green space was assessed by calculating the normalized difference
vegetation index (NDVI). Cox regression model was used to assess the relationship between green
space exposure and T2DM mortality. Mediation effects by air pollutants (PM.s, NO2) and walk
score were examined by mediation analysis models. Results: Overall, the level of greenery in Zhe-
jiang Province is good, and green space exposure levels are similar across different districts. The
greening degree of southwest and northwest areas was slightly higher than that of Hangzhou,
Jiaxing and other northeast areas and southeast coastal areas. Among the 17,406 adult patients
with T2DM included in this study, there were 1096 deaths. Survival analysis results showed that
individuals exposure to quartile 2 quartile 3 and quartile 4 of NDVI had a 20%, 17%, and 16%
lower risk of death from T2DM, respectively, compared with the first quartile of NDVI. Mediation
analysis provides no supportive evidence about the mediation effects of PM; 5, NO; and walk score.
Conclusion: Our study found a protective role of exposure to green space on T2DM mortality.
Therefore, an improvement of green space, may prevent T2DM progression and reduce mortality
attributed to T2DM.
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1. 53|

2 BUHE R 95 (Type 2 Diabetes Mellitus, T2DM) & — it LU & 2 HEHUR g 5 25 A B 2 D 32 BERFAE
WE[1]. 4 [ BB R 9% 8% ¥ (International Diabetes Federation, IDF){R 5 4iit, #ZE 2021 4, FRE AN
WEER L7414, MEHSE—[2], HAE 670 1574 RS NFET-HE R s R RORE, X R4
BRAE T2 BN 1 IR BN K 3 [2] . T2DM 2 W PR S i i) 28, 5 T BB SR i F 2k 90% LA [3]. 48
i, T2DM IR H il 6k Z A 86T FB, R EREURSFI RIS R R (R 259 5 i B A e A4 S
BHATIRIT ) [4]. Uk, RPN R, X TEL% T2DM /g, B T2DM B JET R H
HHEER L.

DOI: 10.12677/acm.2024.1451576 1482 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1451576
http://creativecommons.org/licenses/by/4.0/
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IR I T i “ R IR B ARy, BRI L IR TG g 22
2SS e O AR RS SRR F[5]. Bauwelinck 25 N R I, Sitih 58 55 38 N 2 PRI 22 Fho DA
MR, X NERA — MRS EHI[6], JCHAZ T LARRRE 4 N M2 RAE TR [7]. BEE T et & sk,
R R A RARAE D T AR R it B B AT BB R B, 3K E S St R e 6E R B0 f R DR 7 3L
ISR o H AP 2 B 5 FA) £ RIS A AN R BRI 7 DX sk R REAF A S 1k, PRI R R B 2 I E TR T
Lt B Bk (1 RE AN AT BE O A TR R

AT FUIE WL A s I 4 1 p O RO PR BA S B 122, SRR T PR 2t B e % T2DM JB 35 40T
KSR, Al “Pafsms ” (R BN, 42 T2DM B3 I A7 R IR R A 1R .

2. 753k
21 FARMR

AT (A SR B WL A R O OB PR A S K B, A5 1 2015 4F & 2020 4E S0 HIHT
L4 90 AMX BHAEAN ) T2DM S BN FAE A5 BRI 15 2. (12 Wibr K #5 1CD-10, E10-14), JEid
B WEESTE B RGN & BB R AR AT A, 1ZBAF BB 15 I 1] 81k 2 2022 4 10 H 31 H. A7
JEAhREE, RS IXE T2DM B =704l T2DM BJHFEZET R, SWiLE ) 90 NMAFE - HIX &
¥ T2DM G BENLIME 2% I REAREAT A2 A7 70 AT, BRI T i R I NHERR AR UER 17,406 44 T2DM
BTN R PINIRMERTE: 1) JERNCRON 2 BUBE IR 2) BRI T4, 3) kAT 18 %
M2 5%, HEERbRERE: 1) FEEIERVINEE X BXEhi; 2) s iuasir; 3) gttt
BEDTARI SR, A REINRIBEIN S 5%

2.2. BIRFBHIENKIR

AHIF T T SR Hb 2 8 10 PEAL 3 FH A TR A Rk R 8 I = 1F 5°F &5 (Google Earth Engine, GEE), X ATy £
538 FEE AR AT R B gm iy, SRR R bk S A, IR A E T e bl X B, ST 18] 7 HE % 250
K ) 23 9 2 A% 0% 15 4% (Moderate-Resolution Imaging Spectroradiometer, MODIS), i 2015 £ #)19—1k
FE 6 %0 (Normalized Digital Vegetation Index, NDVI)FEX{E(NDVys)E AR R FEA5br. B T2 5
FAHE RSB X, AR LA & X B R R RIES 58 M S 5 57

2.3. thTEEi%HE

A S R B EAE N DG 2R E . DATIR B DA S 5 Yt b, DA SR S0 70 TR 2 R
NGt A AREER (N 60 2. KT%T 60 2), HH(H. &), XHEECNELULT . 2Rk
) AW FTIE T A 2547 8 B0 3 (https://www.walkscore.com/), K55 X BB ATHRE NI 5T . AT
#3453 (Walk Score) & — MRYELATIE S IHE M55y, HTRAES 53 FrE X 8 A3 7 (AR B2 I FE 2
FP AT R AR R RE R G BIE A AT 10 XA AR . 2805 B Fa b W& A S BT A
FLEHE TR R 2015 FE B < 2.5 UK R4 BiRi4) (Fine Particulate Matter < 2.5 pum, PM, ) il S LA
(Nitrogen Dioxide, NO,) I 4FEF 1 & .

2.4. Gt AR
2.4.1. R M D HHFEX S
X NHEERI B B /KT 3EAT 1 DU LA e, IR RS R FR KT 40 2 53 N D GEit 245 B A

TG RWI(PMos B NOL)FRZR IR EE AT T ikt geit, Horh 7 28 8 R H R 77 #8556 (Kruskal-Wallis Rank
Sum Test), 838 &K H 77 25> #1(Pearson’s Chi-Squared Test) i 75 i iE47 41 1] LL#52
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242 TS

DRI A A A 6F [ B8 H 3 A AR A A R IEZS 2341 OR 2 0 IE WA 43 A1), A I TR W o A 2R Y,
AT 58 R FH ) Cox BG4 XU [9] 11K %Y (Cox  Proportional Hazard Model, % Cox ##Y), %R AT Hf 5%
ZNREF RS T2DM B ET BN AR PR R, HARVMREMAFE. FIH Schoenfeld 7% %1%
X NBEREAT R 22 70 A1, FH DA BT Cox A28 2 75 3 f2 LE g XU i 42 (Proportional Hazard Assumption, PH
Bi)o i PH B AR, SRR AR & E 1), B4 P H > 0.05 A il a2 Lu il B ise s 7ERf
FUREATH A& PH RIS DL T, AR S 7 Cox AAY,  JfAf FH XU Lt (Hazard Ratios, HR) 1 95% & {5 [X
[i](95% Confidence Interval, 95% CI) V¥ { PR 555 £ 3y 5% 55 % T~ T2DM BB T2 KU (9802, A€ /T 0.05 FR
B P REBASG I #E . EAEES T, FELR R DL NIEARBAL, R T RS 771 (R 1365) 5
TR
2.4.3. RS

HHRZ NDVlyso X T2DM B #H T 45 J5 I B 42, AT S P A RU AT 400 . i 2 i A
TR AR X EEE Y (BRI X>Y)R5m 2 AR sddimpAre M omeFEEE Y (B
X—M—-Y) A 5m0 . W XOE i i as & M ixs Y P24, AR M OS2 g, AR PR
TR RIES(HPATHREUAI) . 2305 4385 (PMos I NOo) &2 5 T IR SR HL B FZ P4 MK T2DM BET R
B2, PR LA AN RN

2.44. Gt
FIF R 4.2.2 4T HFERI B 4347, 44 7 survival (3.5.8) A1 survminer (0.4.9) %5 (34T Cox [A] 34347,
ggplot2 (3.5.0) 44 k47 nT 44k, mediation (4.5.0)5E (AT B A 43 HT

3. fIRGER
3.1 HTHEEXEFMRERHE

NDVI of Zhejiang Province

| i

Figure 1. NDVI distribution in 90 districts and counties of Zhejiang Province
1. #fiiI#& 90 X & NDVI 7376
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T2 HIATLAE 90 X B RSk 2 FEFEFE A 1), FEiHHEASH NDVigs T 1415 A 0.495
+0.087, AIENS X BB FE KT 2 BN, SR FR AR IR 50%. AT 4G 1 R A A P AL
X.(an & 1)) NDVI AHSIRT « 32 %2 AR dE M X R ZR g vy [X ) NDVIE P &5 .

3.2. ABFRUTEIRMEGE a4

A B IR EE BN FF A AN ANFRIERY 17,406 44 A T2DM 3 M B, AR Tu [ 78 18~97 ¥
26, Hdf 87.04% NE4HEN(>60 ) EEk, H 1096 4 B ML 7 ET-FH4F. JET: T2DM B 515%
T2DM HETEA— LM TE . TR AN BEKF. PATHREAS /5 NO, B A 2 7 ¥ B A Gt
2N (A P<0.05), HARMEERE LR,

Table 1. Baseline characteristics of study participants (N = 17,406) stratified by survival status n (%)
=1 HARMR(N = 17,406) N EEIFE, RBEBRESE n (%)

PR -

HEAF(N=16,310)  FETZ(N = 1096) (N = 17,406) i
A — LA T 4k <0.0001
Q1 4117 (25.24%) 351 (32.03%) 4468 (25.67%)
Q2 4249 (26.05%) 289 (26.37%) 4538 (26.07%)
Q3 4069 (24.95%) 232 (21.17%) 4301 (24.71%)
Q4 3875 (23.76%) 224 (20.44%) 4099 (23.55%)
PESI 0.1905
5 8850 (54.26%) 617 (56.30%) 9467 (54.39%)
% 7460 (45.74%) 479 (43.70%) 7939 (45.61%)
R <0.0001
<60 8432 (51.70%) 142 (12.96%) 8574 (49.26%)
>60 7878 (48.30%) 954 (87.04%) 8832 (50.74%)
SCAGTRE <0.0001
INEJLULR 9003 (55.20%) 828 (75.55%) 9831 (56.48%)
) ULk 7307 (44.80%) 268 (24.45%) 7575 (43.52%)
AT/ 0.2073
Mean (SD) 65.4 (26.0) 63.9 (27.2) 65.3 (26.1)
PMzs 0.0628
Mean (SD) 45.4 (8.6) 45.9 (8.9) 45.4 (8.6)
NO, 0.0424
Mean (SD) 32.3(9.5) 33.0 (10.1) 32.4(9.6)

E: Q= W fr#: N= FEA%: Mean (SD) = FHMERAESE); PM,ys= 2B HR <25 BUKIIBRIY; NO,
= ZHAA: NDVI= A— g

33 RUMRES 2 BRRBAREFIER
Cox El XU [ UV R o (ELA LIS 2), FEXE A VG S s 58 A5 e s T 4R SO AT T 3
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WA %

MEZE] NDVlys 5 T2DM FET RS 2 83 FAH G, AHE T Q1 (NDVI 12— 4 737 4%) . Q2 (HR = 0.80, 95%
Cl: 0.68, 0.94; P = 0.008), Q3 (HR =0.73, 95% ClI: 0.61, 0.88; P < 0.001), Q4 (HR =0.74, 95% CI: 0.62, 0.89;
P =0.002)* §J/MA ) T2DM (BB T XS 7353l FEAK T 20%, 17%F1 16%.

AR, AT R e T2DM BET XU AR 55 MR EAIR(HR = 0.73, 95% CI: 0.65, 0.82; P <
0.001); TEXTFEES /M, M T 60 & LA R IIFFENAFLEN, 60 & LU EZE T2D AFFAET KUK 5 & (HR
=6.27,95% Cl: 5.23, 7.52; P < 0.001); 7EXI SCAGFR BEEAT 70 M, 2 2 DL B SCAG R FE AN A% T2DM 1)
FET 3R (1) 50 2% B H B 48 255 1) 67 A 5% 4 (HR = 0.65, 95% Cl: 0.56, 0.75; P < 0.001).

COX[E]FFRME

H—piEuatEey <{:I‘V1=4465) referance -

ﬁvz=4539) (o.eg‘?g.w) ’_._‘ 0.008 **

ﬁ\?:a'am) (aAsg'?g 88) —— <0.001 ***

%:4099) (0.69'??7.59) * . ) i )
2] '(R,ags_,g) refarance .

f!ev'g%ess) (o.egzg.sz) - : <0.001 **
8 Wa574) reference -

Mes32) (5.23%% 52) oo
771 SRR referance [

mi‘?_‘s}%t I 623 75) ".“ <0.001 **
H785 (N=17406) 1.00%5 00) . 0.398
PM2.5 (N=17406) 0559 01) . 0666
NO2 (N=17406) 0955°%01) . 0903
# Evenrs: 1096; Global p-value (Log-Rank): 2.0554e-163 .
AIC: 19892.3; Concordance Index: 0.73 1 2 5 10

Figure 2. Visualization of forest plots for Cox regression results
2. Cox El)AS e R

L IEER S T2DM [MAET KB ORIEZ M B 3T 4 R WA 2, RABUPATIRE S 25 Y dibr
(PMas 1 NOR) FIFE ZKIBH AA /- A1 I (P > 0.05).

Table 2. Mediating effect of air pollution exposure and walk score on the relationship between greenness and T2DM mor-

%h;y HESERARE. SITHRENSHNEES T2DM RTXRZEHHNMER
RN E ZEESGHE T2DM BT [ iR AMEF (95% CI) P
PM, 5 (g/m?) 1.00 (0.99, 1.01) 0.67
NO, (g/m®) 0.99 (0.99, 1.00) 0.90
AT TR EAS 5 1.00 (1.00, 1.00) 0.40
H: PMps = BN 1FEAE <25 ROk NO,= S AME: P= M%.
4. ¥1ig

BT E U T WL A K R E e, AR BRI B A SRR R4 H A E X AR R 2
YRR, AT Cox AN TR R [ 4R R /K F 5 T2DM BB SR T A RIE, Hig iAot s
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R —SAME, PMys LECBATIR B AN S 4k 2 #2 5 T2DM HIKEk.

EF Cox [BIAS M KT, mstith#EE /KT 5 T2DM B A0 M AEE A et . (EARWT 704 NDVI
(53 45 AR R ILERACFE R 2 UM PRI FET R Z [ 5 B N R R . BAT, W BFIEs RN, X
SRAG T AR B I P A A Z2 T2DM KR EIERE, #87R 7 4k th &% T2DM SET- RS i £ 4 /E I [8] [9]. Xu
ENTERFHBIETLHFIFE T Z 2 M R T 45 R R, AR K PRI St v A AR s [ 8 T
H[10]. [ A M 9T 45 S SCRPSE IR 15 S 1 2% 5 T BB PR OB T2 AU (1 ORI, IX 5 AR AL 4 SR — 5

R FA RIS AT IR B AE A B4k 2 55 A1 T2DM SET- AR 2 [ R B R, AR eI fr s <5
Wi ek 5 T2DM FET-ZESCHR RS AT Fa B/ E R R AE & IR 7 DX Py AR 3% (5 R A B2 ) AL Fa A
E Liao 55 A% H [ & 78 N BE BB T R R L5 2 A e 45 J5) 2803 U (3 2 T2DM)Z A7 7E R B ITAIE
(1] BEEW TR, B RMAFERRESR T BENR R, (SR 7 XS — e R m
FRE[12]. BIHRZ AT MAE I B S R T 5 T2DM FET- KU L A 2080, ASHIF 98 R R s 7K P-4
Hh 5 55 1T DLFRAIE T2DM A6 T R , (H 2038 8 B AR V& 00 (58 R B2 72 B AIC T2DM JRURS: 2 I 3014 25 {8 R 808 o
RIS R S, AR, PMys Al NO, % 5 /K P iy 2 B IIALAAR 1) 28 A S B -5 48 A R, T
/& T2DM FI95 Rl 2 —[13] o {HZ S35 St Ag 3 i 55 vl REA7TE BB KO8, T I VLA 2015 4R JF R “——
B OWHHMES G, EASETHRT “9hK” « “9BR7 . YA BEs), wilA B BT H
RN R RBELH N 59.7%~99.4%, PN 85.0%, /R EBARIRIF. AU FCEE TS
B PRIE AU EAT 234, R IS5 G 4k 2R 55 5 T2DM JE T 3 SCHEIIESE o

A FAFAE— SRR, 2B—, FEAR(UPRBITEATL A 2rf, (H25 R BN 5] 1 X 85 {250 1Y) S ol
PEOUIRHTE . S R R BRI = Tl L A 7 THT), AT Ag 2 s ma 45 75 A [ 76 R X Bt 7 Hi X
AIHE M, 2 G RO AEAS F] B X R RIS 7, DAAS TR 2R St % s 1) {8 28017 5 TR HE IR 5 M) B 42
AWFACEH T NDVI VRN ZRH R 5 10— 55, HEeRS e BEKPFHEE, ERZEEEET. &
HR B AR 2 BEERAE R, 25 RRIEE 2 SRt 2 5 W 55 48 A g AT BBUBE 23 B, Dl (B T S ARt
B AT U o

A EEIRR GG TR S T2DM BB FET R A ORI, 15 H 10 45 S SCRF T 4 b 3 e AT ) fi
FERRRS, XA Y e R PR B G A P FRAIS T2DM ZET AU o Ak, 4558 o, 60 % L L 3#4F T2DM
NFET R B R, BEAE IR AT AR N 2 084 R e, s BOZAE S T R R o, AR %
G IMATE I RIFE S, BN EE SIS, sk X s i A2, DA 2 IR 7R
FNPE I T RS, SRIABRI A LA H .

B
RE U BS 2 EARBE T (KSR, AL T RT3 %
E&ME

PUMIEE 27 B 44 O 22 QU BV I 2RI 5 H (S202313023107), T H A4 FK:  WiiL 48 St 4 e od — 7
BEPRIRDE T 2R IR 2T 7
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