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Abstract

The relationship between greenspaces and health outcomes has been examined in numerous studies,
primarily focusing on mediation through increased physical activity, enhanced social interactions,
and reduced psychological stress. However, the interaction between greenspaces and air pollution has
seldom been examined. This is particularly important in India, where such interactions are
complicated by heterogeneous exposures and a high prevalence of non-communicable diseases
(NCD) related risk factors. Although some studies provide inconclusive evidence, there is growing
interest in the potential role of residential greenspaces as public health assets, promoting physical and
social well-being while potentially mitigating environmental exposures such as air pollution. Still,
the combined effects of greenspace and air pollution on various health outcomes remain poorly
understood, especially in low- and middle-income countries like India, where health and
environmental exposure data are often limited or fragmented. This study addresses this gap by
examining both the direct association between residential greenspace and three NCD-related health
outcomes: anaemia among women of reproductive age, low birth weight (LBW) in newborns, and
hypertension in adults; as well as the potential modifying role of ambient air pollution (PMz.s) on

these associations.

To conduct this study, we used nationally representative data from India’s fourth and fifth
rounds of the National Family Health Surveys (NFHS-4 and NFHS-5), which include detailed
information on health and socioeconomic indicators. We defined anaemia and low birth weight based
on the World Health Organization (WHO) guidelines. Anaemia was classified as haemoglobin level
of < 12 g/dl in non-pregnant women and < 11 g/dl in pregnant women. Low birth weight (LBW) was
defined as a birth weight of <2500 grams. Hypertension was defined according to the 2017 American
Heart Association (AHA) guidelines as an average systolic blood pressure > 130 mm Hg or diastolic
blood pressure > 80 mm Hg. For environmental exposure, we used the Enhanced Vegetation Index
(EVI), a satellite-derived measure of vegetation greenness obtained from the Moderate Resolution
Imaging Spectroradiometer (MODIS) sensor. EVI values range from -1 to +1, with higher values
indicating greater vegetation density. The spatial resolution of EVI data ranges from 250 meters for
monthly composites to 1 kilometre for annual aggregates. For ambient air pollution exposure, we
used monthly and annual average PM>s data at a 1 x 1 km resolution. These surface-level PM: s
estimates were generated using MODIS-based Aerosol Optical Depth (AOD), calibrated through a
dynamic scaling factor obtained from Modern-Era Retrospective Analysis for Research and
Applications, Version 2 (MERRA-2) reanalysis data. We applied multivariable logistic regression
models to examine associations between environmental exposures and each health outcome. Models
were adjusted for relevant covariates available in NFHS, including age, education, household wealth

index, urban/rural residence, tobacco and alcohol use, dietary intake (fruit and leafy vegetable
7



consumption), type of cooking fuel, and geographic region. Interaction terms were included to assess
potential effect modification by PM..s, and sensitivity analyses were conducted to test the robustness

of the findings.

This study included 1,368,660 women of reproductive age (WRA) for the anaemia analysis,
of whom 53.8% were classified as anaemic. Among 38,358 participants with available birth weight
data, 13,677 (35.6%) had LBW infants. For the hypertension analysis, data were available for 708,226
participants, of whom 45.4% were classified as hypertensive. We observed a modest association
between residential greenspace (EVI) and anaemia, while the associations with low birth weight
(LBW) and hypertension were marginal or weak, with limited statistical significance. In fully
adjusted models, a one standard deviation increase in EVI was associated with a 0.8% reduction in
the odds of anaemia (OR = 0.992; 95% CI: 0.986-0.998), with stronger effects observed in low air
pollution areas—9% reduction below the second quartile and 18% in the lowest quartile of PM; 5.
For LBW, EVI showed a marginally and non-significant protective effect overall (OR = 0.99; 95%
CI: 0.95-1.03), with the strongest effect in areas with low PMz s levels (OR = 0.92; 95% CI: 0.85—
1.00), attenuated in medium-high exposure areas (OR = 0.97; 95% CI: 0.90-1.06), and reversed in
high exposure areas (OR = 1.23; 95% CI: 1.13—1.34), indicating increased odds of LBW. Similarly,
higher EVI was associated with a reduced risk of hypertension (OR = 0.99; 95% CI: 0.97—-1.00), with
sensitivity analyses indicating a 4% and 2% reduction in the odds of elevated blood pressure and
stage 1 hypertension, respectively; however, a reversed association was noted for stage 2

hypertension.

In conclusion, this study provides evidence that higher residential greenspace (measured by
EVI) is modestly protective against anaemia, with weaker and less consistent associations observed
for low birth weight (LBW) and hypertension, particularly in areas with lower levels of air pollution.
These findings underscore the dual role of greenspace in enhancing population health and mitigating
environmental risks. They highlight the need for integrated urban and peri-urban planning approaches
that combine greenspace development with air quality management to promote environmental justice,
reduce health disparities, and foster sustainable urban development in India. Future research should
adopt longitudinal designs and investigate the biological and environmental pathways underlying

these associations to inform effective greenspace-based health interventions.



&Y (Abstract in Hindi)

gRa et 31K Taree uRoTHT & e Tee o 3z 3 e H fa5am ma 8, 5w g e 2R
Tidfafer ® gfe;, AT Jora § GUR T AT a1 § BH SIY e PRP| IR I 8| B,
gRa &1 3R arg UgHUT & T IRIR THTaT T TRIef0T 9gd BH 37T &1 I fads $u F WRa o
Heayuf &, STel qafaroita Sifew srafe fafdy € 3tk IR-T=Rt 17 (NCDs) 219 %9 & Jafad 2|
U & Al # [Hurfaes gHToT 78T fAerd, fos Wt s gika &t & svTfad JrdsifAe @rea
qfHepT, 2MRIes Td ATHTSI Be—ToT bl IGTdT AT 3TR a1y UgHoT Sid STIEHI bl A AT, P Ufd B
ge & 21 fos i, gl & 31k Iy wgwoT 3 Tigard YT, AR T gd Heam 31 ater <2 #, 3pdt
TITed B0 I THST 81 TQ &1 Tg 31T 3 BHI Bl g e o il ITaRIT R &1 31R i T
RO ST 311 T AigeT13il § THHHAT, Faoird {231 # B STH YR (LBW) dT 9a%b! H 3=
IFAATI—dp &e Ueaed Geie d2fl 84 Gael R YRAL arg UguuT (PM.s) b FHTad H2Tes J1Td bl
ST el 2

3 3T H YRA & I URAR TR FA&OT (NFHS-4 31R NFHS-5) & TSig-&R R ufdAfe
37181 &1 39T fdsaT T, foi T T qor TTHIfoTds-31Tfefd Tdbddp! &t faRkgd STTHBRY 3ucTad &
THHT 31k BH S ¥R BT IRYTTT faea Tred T (WHO) & feonfiden w smamRa Y| 3=
JGRTATY DY 2017 P 3MRBA 8TE TAATLA (AHA) feenfien 3 srqam ufvra fasar man| gafazofy
SIEA & T gA Aieedhd Refleg2[ SHIST WeagRIEATHIY (MODIS) | UTed 3UTE-31TaTRd 3=1d
JTf Gardsics (EVI) BT 3uaNT foT, foRyesT W17 —1 A +1 dcb 8T &1 aTg UguT SfEH & fag 1 %
| Tt ReTTegeA arel ATRIes UG aTfties PM..s 3IgHAIT &1 39T fohaT T, iS5 MODIS-3maTRd
WA 3AMEHA 3@ (AOD) AT MERRA -2 QAT TR TR SATHE Thiei T thael &b ATEH
Y Picisie a1 TATI 7 SIEHT 3IR e YRUIHT & &I HeHl &l Hedich dglabedtd difoied
gfdTHe Aisdl gRT fasarm mam, foi 31y, ferar, Jufd Yaesies, 2red/urHioT fAaTd, derg Ud 2RTe dad,
3MER, WHT Y[ &I SHA doiT YiMfeids & S g 2ATAe |

TR fdeeeor 7 13,68,660 WSt 311Y 1 AfgeTr3il Bl 2mfiet fsar ma, fSid & 53.8% Ui 2ff|
ST MR et 37Tehel dTel 38,358 UfaHTITAl H & 35.6% f2Ig) LBW &1 3T IekieiTy faeeisoT H 7,08,226
TP M A, TS0 F 45.4% BT 3= IGT@T] AT §H 91T T 31maTeia gRd & (EVI) 31 TifRar
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& 1T TP ATHAT FRETHS e B, Safs LBW 3R 3o Yaeand & A1 FefY 30T HHR 31
%S A ¥ R-Agayef 4| yofd: TurIfSid Afsell § EVI ® U A fage &Y gfg Tifear B
TITAT H 0.8% BHIT I el &t (OR = 0.992; 95% CI: 0.986-0.998) | T THTd BH aTg UHUT aTct &1
¥ 31fties TR AT—PM..s b IR Tgeies J AIe 9% dT Fad fAerel Tgefes § 18% HHII LBW & feig
EVI &1 AT & ATe! 3R IR-AgYUT &7 (OR = 0.99; 95% CI: 0.95-1.03), TR PHH PM..s TR dTel

&3 H GR&THS THTd (OR = 0.92; 95% CI: 0.85-1.00) T 7T, SiT HegH &1 § o T 31K 3=

YSHUT Tl &3] H 3o1e AT (OR = 1.23; 95% CI: 1.13-1.34)| S YR, 3=d EVI 3T IR &b
37UEHTRd BH SITEH I ST AT (OR = 0.99; 95% CI: 0.97-1.00), ETeTifcs TRUT-2 3= Iy &b foig

et Io7eT UTAT T |

fspd:, ag sreagT qerfdr ¢ fib smardta sRa & (EVI) UHifHaT & faeg Hifdd fbg Aewayof gearm
U&H & Febd 8, STelfch LBW 3R 3T i<y o H1&f Hal 31U&Mehd BHSIR del HGHUT &R b 3ITHR
3T €1 IE 3T SR JelaRT 3R vafarvfiy et # Bt & fag gRa &t B Qe
YfHehT T ISR AT & d2T 89 d1d TR §cl &dT ¢ fob YR H Fdd 2l fdep, gafervita =mg 3ik
TR IATAT W BHT & fefq BRa & faepry oY a1y TJoTerT Jaie & 12 Tebldpd BrAAT 37TaTP ¢
s 3 oMl § 3 3reaed der Sifdes gd qafareit At & Te Stia enfAe eiFr anfeg, o
EA-&1- ATUTR TTeT Trey geaardl &t &2 fufRd &1 S ge|
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