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Abstract
Background. The epidemiological evidence on green spaces and obesity is inconsistent.

Objectives. To study the association of access to green spaces and surrounding greenness
with obesity in Spain.

Methods. We enrolled 2354 individuals 20-85 years from urban areas of seven provinces
of Spain between 2008-13. Subjects were randomly selected population controls of the
MCC-Spain case-control study. We geocoded current residences and defined exposures
in a buffer of 300 m around them: i) access to green space, identified using Urban Atlas,
and 1ii) levels of surrounding greenness, measured by the Normalized Difference
Vegetation Index. We examined excess weight/obesity as binary outcomes based on body
mass index and waist-hip ratio. We examined effect modification by genetic factors, sex
and individual socio-economic status and mediation by physical activity and
concentrations of PM2s and NO.. To assess potential effect modification by genetic
factors, we used a polygenic risk score based on obesity polymorphisms detected in
genome-wide association studies. We used logistic mixed-effects models with a random
effect for catchment area adjusted for potential confounders.

Results. Access to green space was associated with a reduced risk of excess
weight/obesity after adjusting for confounders [excess weight: OR (95%CI1)=0.82 (0.63,
1.07), p-value=0.143; abdominal obesity: OR (95%CI)=0.68 (0.45, 1.01), p-
value=0.057]. In the stratified analysis, this association was only observed in women.
Associations between surrounding greenness and excess weight/obesity were null or
modest based on a 1 IQR increase in NDVI [excess weight: OR (95%CI)=0.99 (0.88,
1.11), p-value=0.875; abdominal obesity: OR (95%CI)=0.91 (0.79, 1.05), p-
value=0.186]. The observed associations were not mediated by physical activity or air
pollution.

Discussion. Access to green space is associated with decreased risk of excess
weight/obesity among women in Spain. Mechanisms explaining this association remain
unclear.
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Introduction

Prevalence of overweight and obesity has increased globally in the last decades. In 2013,
it was estimated that there were 2.1 billion overweight and obese individuals worldwide
(Ng et al., 2014). High body weight is an important risk factor for several non-
communicable diseases, including cardiovascular, kidney and liver diseases, diabetes,
musculoskeletal disorders and some cancers (Abdelaal et al., 2017; MacMahon et al.,
2009; Wormser et al., 2011), and it has been also associated with increased risk of all-
cause mortality (Global BMI Mortality Collaboration, 2016). Several factors have been
associated with obesity including: lifestyle (e.g. lack of physical activity, unhealthy eating
patterns, not enough sleep, high amounts of stress), social and environmental factors (e.g.
low socioeconomic status, unsafe environment in the neighbourhood, built environment
factors, exposure to obesogenic chemicals), family history and genetics, race, and sex.
These factors are related to changes in the prevalence of obesity either directly or, as in
the case of genetic factors, by interacting with modifiable (environmental) exposures.

Natural outdoor environments, including green spaces within urban settings can promote
health and wellbeing by increasing levels of physical activity (e.g. leisure-time physical
activity and active transportation), reducing exposure to noise, reducing exposure to air
pollution, and promoting psychological stress reduction and restoration, among other
mechanisms (Hartig et al., 2014; Markevych et al., 2017; Nieuwenhuijsen et al., 2017).
Physical inactivity and physiological stress are important drivers of weight gain (Harding
etal., 2014). A recent review concluded that chronic exposure to noise is associated with
increased waist circumference (An et al., 2018), and there is some evidence that air
pollution may also be associated with obesity (Jerrett et al., 2014). A systematic review
of the existing studies on green spaces and obesity conducted in 2010 (Lachowycz and
Jones, 2011), concluded that although most of the studies reported some association
between green spaces and lower body mass index (BMI), this association was in some
cases only present in relation to certain types of green spaces or among certain
populations. A recent study conducted in Spain reported that people living in
neighbourhoods without green space were more likely to have higher BMI and to be obese
compared to people living in neighbourhoods that had green space (Raftopoulou, 2017).

Genetic factors have been also associated with obesity. Large genome-wide association
studies (GWAS) conducted in around 400.000 individuals have identified more than 100
single-nucleotide polymorphisms (SNPs) associated with BMI implicating several
biological pathways (Locke et al., 2015; Speliotes et al., 2010). Polygenic risk scores
evaluating the cumulative effect of obesity polymorphisms have shown a positive
association with body weight. These genetic effects may be enhanced in persons with
high BMI underscoring the importance of gene-gene and gene-environment (GXE)
interactions (Abadi et al., 2017). The role, however, of gene-environment interactions in
determining BMI has been poorly evaluated (Rask-Andersen et al., 2017).

In the current study we investigated the association between residential access to green
spaces and surrounding greenness and obesity using two different markers of excess
weight and obesity: BMI and waist-to-hip ratio (WHR) in large urban areas of Spain. We
also the investigated if physical activity and/or air pollution mediated the association
between green spaces and obesity and if genetic factors modified the effect.

Methods



Study population.

We used data on randomly selected population controls from the multi-case control study
in Spain (MCC-Spain study) living in urban areas with more than 100.000 inhabitants to
conduct a cross-sectional analysis. The MCC-Spain study is a population based multi-
case control study on frequent tumours in Spain. The methodology has been described
elsewhere (Castafio-Vinyals et al., 2015). Briefly, between 2008-2013, histologically
confirmed incident cases of colorectal, breast, prostate, stomach and chronic lymphocytic
leukaemia were recruited in 23 hospitals from 12 provinces of Spain. Controls were
randomly selected from the administrative records of selected primary care health centres
located within these hospitals’ catchment area and were contacted telephonically to offer
participation. Participants were 20-85 years’ old who had been living in the catchment
area at least 6 months prior to study enrolment. We excluded the following participants
(supplemental material, figure S1): i) those whose current address could not be
geocoded, ii) those currently living in areas rural areas or urban areas with less than
100.000 inhabitants (areas not covered by the Urban Atlas (European Environment
Agency, 2006), iii) those with missing information on BMI and/or with missing
information on waist and hip measurements and iv) those with missing information on
basic co-variables.

The study was approved by the Ethics Committee of all participating hospitals and
primary health care centres and it followed the national and international directives on
ethics and data protection [declaration of Helsinki and Spanish law on confidentiality of
data (Ley Organica 15/1999 de 13 Diciembre de Proteccion de Datos de caracter personal-
LOPD)]. All subjects provided written informed consent prior to participation in the
study.

Data collection.

Participants were interviewed by study personnel and information on the following
characteristics was recorded in a structured questionnaire (http://www.mccspain.org/): i)
residential history, which included full address and number of years lived in each
residence where the participant had lived for at least one year, from the 18" years of age
to interview date; ii) socio-demographic factors; iii) lifestyle factors, including
information on leisure time physical activity during the last 10 years (excluding the 2
years before study recruitment); and iv) self-reported weight and height at time of the
interview and one year earlier. After the interview, hip and waist circumference was
measured by trained study personnel. When possible, peripheral blood was drawn from
participants. For those participants who refused to give blood, saliva was collected using
the Oragene® DNA Kit.

Indicators of excess weight and obesity.

We used two indicators of overweight/obesity based on different markers commonly used
in epidemiological studies: BMI and WHR. BMI is the most widespread criterion used to
classify excess weight and obesity, as a surrogate of body fat composition. WHR is a
measure of body fat distribution, often used as a surrogate of abdominal fat. Different
studies have found that WHR is a better predictor or obesity-related morbidity than BMI,
in both men and women (World Health Organization, 2008. Waist Circumference and
Waist-Hip Ratio: Report of a WHO Expert Consultation). We defined “excess weight” if



BMI was > 25 kg/m?, and “abdominal obesity” if WHR was > 0.85 for women and >
0.90 for men, according to the WHO stablished categories ((World Health Organization,
2008, 1995).

Residence based covariates.

As previously described (O’Callaghan-Gordo et al., 2018), current residence address (i.e.
residence at time of study enrolment of each study participant) was geocoded using
geographic information systems (GIS; Geospatial Modelling Environment (Version
0.7.3.0) and ESRI ® ArcMap TM 10.0, ArcGIS Desktop 10 Service Pack 4). Levels of
air pollution, and of socio-economic level were assigned to each residence. We calculated
the exposure to levels of outdoor air pollution for each address using the European land
use regression model developed by Wang et al (Wang et al., 2014), which is based on the
ESCAPE project models for PM2s (Eeftens et al., 2012) and NO- (Beelen et al., 2013).
We assigned indicators of socio-economic status in the area of residence based on the
Urban Vulnerability Synthetic Index of Socioeconomic Criteria (ISVU-SE) created by
Spanish Department of Architecture, Housing and Land Development (Ministry of Public
Works (Spain), 2001) and we generated quintiles of ISVU-SE (population in the highest
quintile was population from the most vulnerable areas, population from the lowest
quintile was population from the least vulnerable areas).

EXxposure to green spaces

We calculated two indicators of exposure to green spaces for each study participant:
presence of green space and surrounding greenness, within 300 m from the current
residence, based on the distance recommended by the European Commission for selection
of indicators of urban green space in health studies (WHO Regional Office for Europe,
2016).

The selection of these two exposures encompassed differences of green spaces: i)
presence of green spaces is a surrogate for access to these spaces (for simplification we
will refer to “access to green space” through the manuscripts when referring to presence
of green spaces), and ii) residential surrounding greenness is an indicator of general
outdoor greenness of the participants' neighbourhoods.

We defined access to green space as a binary indicator representing the presence of
“public green areas for predominantly recreational use such as gardens, zoos, parks of at
least 0.25 Ha” and/or “forest” (i.e. “forests with ground coverage of tree canopy > 30%,
tree height > 5 m, including bushes and shrubs at the fringe of the forest” of at least 1 Ha)
according to Urban Atlas categories of land use and land cover (European Environment
Agency, 2006). We defined surrounding greenness as the amount of photosynthetically-
active greenness using the Normalized Difference Vegetation Index (NDVI). NDVI is
derived from the Landsat 7 (http://landsat.usgs.gov/) images at a resolution of 30x30
meters. NDVI is an index ranging -1 to 1 where higher positive values indicate more
greenness (Weier and Herring, 2000). Negative values of NDVI mainly correspond to
water bodies. We excluded large water bodies from the NDVI satellite imagery before
data analysis (PHENOTYPE study protocols (http://www.phenotype.eu/en/), so negative
values did not affect the final greenness averages. We looked for available cloud-free
Landsat TM for the years 2000-2001 images during springs (i.e., the maximum vegetation
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period for the study region) from the NASA’s Earth Observing System Data and
Information System (EOSDIS) website (https://earthdata.nasa.gov/).

Genotyping and generation of polygenic risk score.

A subsample of participants included in this analysis (n=1853) had information on
genotype. 96% of participants from the MCC-Spain study provided blood or saliva
samples. A random selection of 70% of the samples that were from European ancestry
origin, had complete epidemiological information, and good DNA quality were
genotyped. Genome-wide genotyping was performed using a tailored version of the
Infinium Human Exome BeadChip Kit v.1.1 (lllumina) that allowed the inclusion of
approximately 6000 customized SNPs (selected based on pathways of interest for MCC-
Spain study). The genotype calling was done with the GeneTrain2.0 algorithm
(GenomeStudio software) based on CHARGE clusters (Grove et al., 2013). PLINK was
used for the genetic data quality control (Purcell et al., 2007), and the standard checks
were done: sample call rate, sex concordance, heterozygosity, relatedness, population
stratification, SNP call rate and departure from Hardy—Weinberg equilibrium (HWE) for
each SNP.

We created a weighted polygenic risk score by adding the weighted risk alleles of 30 out
of the 32 BMI SNPs previously described to be robustly associated with BMI (Speliotes
et al., 2010). Twenty-eight of these SNPs were genotyped in the MCC-Spain study. For
two of the genes not genotyped in the MCC-Spain study, we found proxy SNPs (r2>0.66)
while for the other two we could not find a proxy. To validate the applicability of these
score to our study population, we estimated the effect of these 30 SNPs as well as the
effect of the polygenic risk score in relation to BMI using linear regression models
(supplemental material, figure S2).

Statistical analysis.

We conducted descriptive analyses of the study population. We used generalized additive
models (GAMs) to examine the shape of the dose-response relationship between
surrounding greenness and the different outcomes under study (supplemental material,
figure S3). To study the association between access to green spaces and surrounding
greenness and the two binary indicators of excess weight/obesity (i.e. excess weight and
abdominal obesity) we used logistic mixed-effects models. Additionally, to explore the
association between access to green spaces and surrounding greenness with BMI and
WHR as a continuous variable we used mixed-effects linear regression models.

All models included a random effect for catchment area. For surrounding greenness, we
reported the results for 1 interquartile range (IQR) increase in average NDVI (at 300 m)
based on all study population. We used Directed Acyclic Graphs (DAGS) to summarize
the information on potential confounders and mediators, and identify which of them
should be included in the final model (supplemental material, figure S4).

We ran basic models adjusted for age and sex, and models further adjusted for all other
identified confounders: age, sex, education (i.e. primary or lower, or secondary or higher),
individual socioeconomic status (i.e. score based on parents’ economical level, own
education and occupational category), and area level socioeconomic status (i.e. urban
vulnerability index (Ministry of Public Works (Spain), 2001)). We checked collinearity
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assessing the variance inflation factor in the fully adjusted model (adjusted for all
potential confounders) (Greenland et al., 2016).

We conducted mediation analyses to test the hypothesis about the two pathways through
which green spaces could have an effect on excess weight/ obesity: direct effect or
indirect effect through a mediator variable (Hayes, 2009). We estimated the indirect effect
of the following potential mediator variables: physical activity [i.e. low levels (<8
metabolic equivalent of tasks (METSs) hour/week) or high levels (> 8 METs hour/week)],
nitrogen dioxide (NO) and particulate matter less than 2.5 pum (PM2.5) using methods for
causal mediation analysis previously described by T. J. VanderWeele and S. Vansteelandt
(VanderWeele and Vansteelandt, 2010). We calculated direct and indirect effects using a
regression-based approach under the following assumptions: (i) no unmeasured exposure-
outcome confounding, (ii) no unmeasured mediator-outcome confounding, (iii) no
unmeasured exposure-mediator confounding, (iv) no effect of exposure that confounds
the mediator-outcome relationship, and (v) not interaction between the mediator variables
and the exposure variables.

We explored effect modification by sex, socio-economic status using likelihood ratio test
(LRT). Among participants with the pertinent data (n=1853), we also explored effect
modification by polygenic risk score using a cut-off value of the score < 75%. Alternative
cut-off values were also considered (above and below the median, and > 75% value versus
< 25% value). We examined gene-environment interactions testing simultaneously the
main effect for the polygenic risk score and the interaction term with the exposure using
the LRT (Kraft et al., 2007)). The joint test considers the hypothesis that the polygenic
risk score is associated with risk of disease in both exposure groups. Given the low power
of LRT to test for interactions (Rothman, Kenneth J.; Greenland, Sander; Lash, 2008),
we considered a significance p-value < 0.2. In agreement with previous literature, a p-
value < 0.05 was set as the as significance value for all other tests. However, despite
reporting p-values, we did not base the interpretation and discussion of the associations
under the study based on p-values (Amrhein et al., 2019).Statistical analyses were
conducted using Stata version 14 (StataCorp, College Station, TX, USA).

Results
Study population

Overall 2354 participants fulfilled the study criteria of the current analysis and had
information on access to green spaces. Data on surrounding greenness (i.e. data from
Landsat 7 images) was available for 2352 participants from seven different provinces of
Spain (supplemental material, figure S5), as this information was not accessible for
participants who lived in remote areas (n=2, <0.01% of study participants). Mean (SD)
surrounding greenness was higher among study participants with access to green spaces
[0.23 (0.09) versus 0.18 (0.08), p-value<0.001]. Eighty-two per cent (1936/2354) of
participants had been living in the current residence at least 10 years before study
enrolment; for 72% (1707/2354) of study participants, the current residence was also the
longest residence where they have lived. Overall, the mean (SD) length of residence in
current residence was 25 (14) years. Mean (SD) BMI of study participants was 26.6 (4.2)
kg/m? [27.3 (3.6) in men, 25.8 (4.8) in women], and mean (SD) WHR of study
participants was 0.91 (0.10) [0.85 (0.09) in men, 0.97 (0.07) in women]. These variables
were moderately correlated (Spearman's correlation coefficient = 0.47, p-value <0.001).



Sixty-two per cent of participants had BMI > 25 Kg/m?: 43% had BMI 25-30Kg/m? [58.8
of men, 32.4 of women], and 19% had BMI > 30Kg/m? [22.1 of men, 17.4 of women].
Sixty-eight per cent of study participants were obese according to WHR definition
(referred in the study as abdominal obesity).

Table 1 shows characteristics of participants according to excess weight, and abdominal
obesity. In summary, overweight/obese individuals (according to the two different
definitions of excess weight /obesity used in the study) were older, more likely to be male,
less physically active, had lower levels of education and socioeconomic status, and were
more likely to live in the most vulnerable areas compared to non-obese individuals.
Characteristics of participants according to presence of green spaces around the residence
are presented in supplemental material, table S1. Briefly, individuals with no access to
green space within 300 m of their residence had higher WHR and were older than those
with access to green space. There was a higher proportion of participants from less
vulnerable areas (lowest vulnerability index) among those with no access to green space
within 300 m of their residence.

Access to green space and excess weight/obesity

Eighty-five per cent (2003/2354) of the study population had access to green space (i.e.
urban green areas and/or forests according to Urban Atlas categories) within 300 m of
their residence. The proportion of participants with access of green spaces was lower
among people with abdominal obesity compared to non-obese people (p-value<0.001 for
abdominal obesity, table 1).

Participants with access to green space within 300 m of their residence had lower risk of
excess weight/obesity [excess weight: adjusted OR (95CI1%) = 0.82 (0.63, 1.07), p-
value=0.143; abdominal obesity: adjusted OR (95CI%) = 0.68 (0.45, 1.01), p-
value=0.057] compared to those without access. Results were consistent for the two
indicators of excess weight/obesity used (table 2). When BMI and WHR were treated as
continuous variables, we did not observe an association with access to green space [BMI:
adjusted B coefficient (95%CI) = -0.32 (-0.81, 0.17), p-value = 0.206]; WHR: adjusted
coefficient (95%CI) = - 0.002 (-0.012, 0.008), p-value = 0.705].

Results of the sensitivity analysis including only participants who had lived in the current
residence for at least 10 years (n = 1934) were very similar to results obtained in the
overall population [excess weight: adjusted OR (95CI%) = 0.76 (0.57, 1.02), p-value =
0.067; abdominal obesity: adjusted OR (95C1%) = 0.64 (0.39, 1.03), p-value = 0.065].

We observed an interaction between sex and access to green space and abdominal obesity
(p-value for interaction = 0.056). The association between access to green spaces and
reduced risk of abdominal obesity was only observed in women (table 2). We did not
observe an interaction between socio-economic status and access to green space and
excess weight/obesity (excess weight: p-value for interaction = 0.636, abdominal obesity:
= 0.409).

There was no evidence for interaction between the polygenic risk score and access to
green spaces and excess weight/obesity (p-values for interaction > 0.2 for all definitions
excess weight/obesity). Still, we explored the strata specific associations. We observed a
more marked reduction in risk of excess weight/obesity among those with access to green
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space within 300 m of the residence and with obesity polygenic risk score values > 75 %
compared with those with lower values (table 3). Similar results were observed when
other cut-off the values were considered to compare high and low values of the obesity
polygenic risk score (supplemental material, table S2).

As shown on table 4, the (total) effect exerted by access to green spaces on weight/obesity
was explained by a direct effect as the total effect observed was almost the same as the
direct effect, and no indirect effect was explained by any of the mediators considered (OR
close to null value).

Surrounding greenness and excess weight/obesity

Mean (SD) level of surrounding greenness in the study population was 0.22 (0.09). Mean
(SD) levels of surrounding greenness around home residence were slightly lower for
excess weight/obese people compared to normal weight people (p-value < 0.001 for both
definitions of excess weight/obesity used, table 1). Median (IQR) level of surrounding
greenness in the study population was 0.20 (0.09). Median (IQR) levels of surrounding
greenness around home residence were also slightly lower for excess weight people
compared to normal weight people [0.20 (0.08) versus 0.21 (0.11), Wilcoxon rank-sum
p-value = 0.002], and for people with abdominal obesity compared to people without
abdominal obesity [0.19 (0.08) versus 0.22 (0.12), Wilcoxon rank-sum p-value < 0.001].

No association was observed between levels of surrounding greenness within 300 m of
the residence and excess weight [adjusted OR (95CI%) = 0.99 (0.88, 1.11), p-
value=0.875), table 5]; however, there was some evidence or reduced abdominal obesity
among those living in areas with higher levels of surrounding greenness [adjusted OR
(95C1%) = 0.91 (0.79-1.05), p-value=0.186, table 5]. When BMI and WHR were treated
as continuous variables, there was some evidence of reduced BMI among participants
with higher levels of surrounding greenness within 300 m of the residence [adjusted 3
coefficient (95%Cl) = -0.18 (-0.38 — 0.01), p-value = 0.071], but no association was
observed between surrounding greenness and WHR [adjusted B coefficient (95% CI) = -
0.002 (-0.007, 0.002), p-value = 0.347].”

Results of the sensitivity analysis including only participants who had lived in the current
residence for at least 10 years (n=1934) were also similar to results obtained in the overall
population [excess weight: adjusted OR (95C1%) = 0.98 (0.86, 1.12), p-value = 0.775]
abdominal obesity: adjusted OR (95CI1%) = 0.91 (0.75, 1.10), p-value = 0.340].

There was evidence for interaction with sex in the association between surrounding
greenness and excess weight/obesity (excess weight: p-value for interaction = 0.056;
abdominal obesity: p-value for interaction = 0.021). The association between surrounding
greenness and reduced risk of excess weight/obesity was only observed in women,
whereas in men there was some evidence of increased risk of excess weight/obesity
among those living in areas with higher levels of surrounding greenness (table 5). There
was no evidence for interaction with socio-economic status (excess weight: p-value for
interaction =0.961, abdominal obesity: p-value for interaction = 0.232).

The evidence for interaction between the polygenic risk score and surrounding greenness

and excess weight/obesity was limited (p-values for interaction > 0.2 for all definitions
of excess weight/obesity). Nevertheless, we explored the strata specific associations. We
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observed a more marked reduction in risk of excess weight/obesity among those higher
levels of surrounding greenness within 300 m of the residence and with obesity polygenic
risk score values > 75% compared with those with lower score values (table 6). Similar
results were observer when other cut-off values were considered (supplemental
material, table S3).

As shown on table 7, the (total) effect exerted by surrounding greenness on
weight/obesity was explained by a direct effect as the total effect observed was almost
the same as the direct effect, and no indirect effect was explained by any of the mediators
considered (OR close to null value).

Discussion

In this study we investigated the association between access to green spaces and
surrounding greenness, excess weight and obesity in large urban areas of Spain. We
observed a reduction in risk of excess weight and obesity among participants who had
access to a green area within 300 m of their current residence. These associations were
less marked for surrounding greenness. We did not identify physical activity or air
pollution as mediators explaining these associations. Finally, we observed that the
association between green spaces and reduced risk of excess weight/obesity was only
observed in women. In the analysis stratified by genetic score, we observed a more
marked association between access to green spaces and surrounding greenness and excess
weight/obesity, among subjects carrying multiple obesity risk alleles. However, the
interaction between access to green urban areas and surrounding greenness, and genetic
score was not statistically significant.

In general, previous studies suggest some association between access to green spaces and
surrounding greenness and reduction in risk of obesity (reviewed by (Lachowycz and
Jones, 2011)). However, results of studies focusing on the adult population do not show
consistent results across population or demographic groups. A study conducted in 8
European cities, reported that higher levels of greenery were associated with lower odds
of obesity (Ellaway et al., 2005). A study conducted in United States of America, showed
association between access to parks and lower BMI among white Americans, but not
among African Americans (Scott et al., 2009). In a study conducted in New Zealand, no
association was observed between access to parks and BMI (Witten et al., 2008).
Differences in the above mentioned studies can be explained by differences in the
definition of “green spaces” used in each study (i.e. objective assessment of greenery
conducted by the study personnel, number of parks or percentage of green space at a given
distance of home address and/or distance to parks from home address). However, the
cultural context can be an important modifier of the association between green spaces and
health outcomes (Nieuwenhuijsen et al., 2017), and therefore, different results among
different population could be found even if exposure to green spaces was estimated in the
same way.

The association between green spaces and reduced risk of excess weight/obesity was only
observed in women, whereas there was some evidence of increased risk of excess
weight/obesity among men living in areas with higher levels of surrounding greenness.
Similar results have been reported in a study from Australia, where an association was
detected between access to parks and lower BMI in women, but not in men (Astell-Burt
et al., 2014). Both biological and social determinants of obesity vary widely by gender
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(Kanter and Caballero, 2012). It is not clear which biological determinants could explain
the differences in obesity patterns by gender observed in this study, but social
determinants could explain them. For instance, the effect of socio-economic status in
obesity differs by gender. Several studies conducted in western countries (including
Spain), indicate that lower socio-economic status is a risk factor for obesity in general,
but specially for women (Devaux and Sassi, 2013; Merino Ventosa and Urbanos-Garrido,
2016; Roskam et al., 2010). Although in the current study we controlled for socio-
economic status using several variables, residual confounding could still be present, and
could explain in part the association observed between green spaces and obesity among
women. Also, as commented in the previous paragraph, the benefit of green spaces seems
to vary depending on the populations and groups studied, suggesting that perceptions and
use of green spaces are important aspects to consider in epidemiological studies on green
spaces. In concordance to this, a study from United Kingdom, reported differences by
gender association between green spaces and different health outcomes and the authors
attributes gender differences to different usage of green areas between men and women
(Richardson and Mitchell, 2010).

Some previous studies have reported that physical activity partially mediates the effect
between green spaces and different health outcomes, including obesity (Dadvand et al.,
2016; James et al., 2016; Richardson et al., 2013). However, a recent review on this topic
including 50 studies indicates that results from different studies are not consistent
(Lachowycz and Jones, 2011). As explained above, discrepancies in results from different
studies can be explained by heterogeneity in the definitions of exposure to green spaces
and cultural context. Moreover, not all green spaces are equally attractive for physical
activity, and other features of the built environment, such as perceived safety or access
to facilities might affect the use of green spaces (Humpel et al., 2002; Lee and
Maheswaran, 2011) and therefore affect the association between residential proximity to
green spaces and obesity. We did not observe mediation effect by physical activity in our
results. However, two limitations of the current study might have affected the results of
the mediation analysis by physical activity: First, physical activity recorded in the MCC-
Spain study corresponded only to leisure time physical activity and it did not include
physical activity related to active transportation, which can be also related to proximity
to green spaces (Hartig et al., 2014). Second, in the MCC-Spain study, similar to most
other studies, information on physical activity was self-reported and therefore susceptible
to misclassification. In our study, misclassification (if any) is very likely to have been
non-differential, given the initial aims of the MCC-Spain study, the structure of the
interview used to record information and the objective classification of exposure to green
spaces based on geocoded addresses.

Previous data on potential association between air pollution and obesity is not conclusive.
(Fioravanti et al., 2018; Jerrett et al., 2014). We did not find a consistent association
between air pollution and obesity. Apart from air pollution and physical activity, other
mechanisms could explain the association observed between access to green spaces and
reduction in risk of obesity (Frumkin et al., 2017). Green spaces have been associated
with psychological stress reduction (van den Berg et al., 2010; Ward Thompson et al.,
2016), and psychological stress has been associated with weight gain and obesity
(Ayanian et al., 2009; Dallman et al., 2003). We could not explore these potential
pathways as information on psychological stress was not available in the MCC-Spain
study. Information on other potential mediators explaining the association observed
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between green spaces and obesity including food environment, walkability and noise
around the residence were not available in the current study.

We found that the association between access to green spaces and risk of excess
weight/obesity seemed to be more marked among people with the highest genetic
predisposition to obesity although statistical tests for interaction were not significant.
This overall tendency was observed irrespective of boundaries in either the definition of
the polygenic risk scores or the green space classifications although to some extent results
varied depending on the cut-offs and exposures examined. The effect of genetic factors
on obesity has been shown to vary by BMI and to be more important among subjects with
higher BMIs indicating a potential gene-gene or gene-environment interaction. Similarly,
limited evidence in humans examining gene-environment interactions has shown that
lifestyle and environmental factors such as alcoholism, physical activity and socio-
economic status can modify the effect of genetic predisposition to obesity (Rask-
Andersen et al., 2017). The potential interaction examined in our study should be further
explored in larger studies with higher statistical power.

BMI was calculated from self-reported height and weight. Previous studies have shown
that although self-reported BMI tends to underestimate real BMI, the correlation between
them is high (Kuczmarski et al., 2001; McAdams et al., 2007). This limitation is overcome
by the inclusion of WHR, which is based on objective measures. The potential non-
differential miss-classification in BMI could explain why the associations with excess
weight (based on BMI) are less clear than the associations observed with abdominal
obesity (based on WHR).

We explored the association between green spaces around the current residence and
obesity. The current exposures considered in the study reflect long term exposures for the
following reasons. First, in the study population the current residence was the same as the
longest residence in 70% of study participants, and more than 80% of participants had
been living in the current residence for at least 10 years. Second, measures of access to
green spaces and surrounding greenness are stable over time. Land use data is considered
very stable in time because few changes are made at high scale between versions
(http://land.copernicus.eu/local/urban-atlas/change-2006-2009/view). Correlations made
for NDVI in different years and seasons in one of the main areas included in the current
study, showed Spearman’s correlation coefficients values around 0.8 (Dadvand et al.,
2012). Nevertheless, a recent study conducted in the Netherlands (Helbich, 2019)
concluded that studies should aim at having NDVI data that matches temporally the
epidemiological data as although annual NDV1 levels tend to correlate the magnitude of
the correlation can vary.

The association observed between green spaces and excess weight/obesity could be
similar in other natural outdoor environments, for example blue spaces such as waterfront
parks or marinas. We focussed our study in green spaces given the limited number of
study participants exposed to blue spaces (n=67, 2.8%).”

Our study has several strengths: First, we used two different indicators of excess weight
and obesity. Most studies on green spaces and obesity have used BMI as the only marker
of obesity. BMI is the most widespread criterion used to classify obesity, as a surrogate
of body fat composition, but it has important limitations (Rothman, 2008). Therefore, it
is valuable to include other indicators when studying obesity. We also used WHR, a
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measure of body fat distribution which is often used as a surrogate of abdominal fat
(World Health Organization, 2008). WHR has been suggested as a better marker of
obesity, especially among elder adults (Visscher et al., 2001). Second, the study included
more than 2300 individuals, which ensured sufficient power to detect differences between
groups, and allowed exploration of interactions with sex and socio-economic status.
However, information on the polygenic risk score was only available for 70 % of the
study participants (n=1653) and this has affected the power of the study to detect a
potential interaction with the polygenic risk score. Third, we included urban populations
from seven provinces of Spain enrolled through primary health care centres of the public
health system, making our results generalizable to the Spanish population living in large
urban areas. However, results from this study are not generalizable to small cities or rural
areas, as such areas were not included in the study. The mean BMI of the study population
was similar to the mean BMI among adult population in Spain (25-64 age groups).
However, the prevalence of BMI > 25 was higher in the study population, especially
among men (Aranceta-Bartrina et al., 2016). These minor differences might be explained
by the older age of the study population. Fourth, we had information on several co-
variables, including very detailed information on socio-economic status. This allowed us
to adjust the models for education, socio-economic score based on parents and own
income, education and occupation, and socio-economic score at area level. Finally, to our
knowledge, this is the first study evaluating the modifying role of genetic susceptibility.

Conclusion
According to results from this study, access to green spaces may be associated with
decreased risk of excess weight and obesity among women in Spain. Understanding the

mechanisms that explain this association is crucial to plan effective and successful public
health interventions.
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Table 1. Characteristics of the study participants according to excess-weight and
abdominal obesity.

Excess Abdominal
weight obesity

Characteristic (n=2354) No, N(%) Yes, N(%) p-value™ |No, N(%) Yes, N(%) p-value*
N=899 N=1455 N=756 N=1598

BMI at study enrolment 22.6 (1.8) 29 (3.4) <0.001 24.3(3.8) 27.7(4.0) <0.001
(kg/m?); mean (SD)
WHR at study enrolment; 0.9 (0.1) 0.9(0.1) <0.001 0.8 (0.1) 1.0 (0.1) <0.001

mean (SD)
Access to green space
No 120 (13.3) 231 (15.8) 63 (8.3) 288 (18.0)
Yes 779 (86.6) 1224 (84.1) 0.094 693 (91.7) 1310 (82.0) <0.001

Surrounding greenness 0.23(0.08) 0.22(0.08) 0.003 0.24 (0.09) 0.21(0.08) <0.001
(NDVI); mean (SD);
n=2352

Age (years) ); mean (SD)  59.2 (13.2) 64.3(10.5) <0.001 56 (13.1) 65.4(10) <0.001

Sex

Male 331(36.8) 892 (61.3) 159 (21.0) 1064 (66.6)

Female 568 (63.2) 563 (38.7) <0.001 597 (79.0) 534 (33.4) <0.001
Physical activity

< 8 METs h/week 460 (51.2) 812 (55.8) 406 (53.7) 866 (54.2)

> 8 METSs h/week 439 (48.8) 643 (44.2) 0.028 350 (46.3) 732 (45.8) 0.824
Education

Primary or lower 308 (34.3) 744 (51.1) 269 (35.6) 783 (49.0)

Secondary or higher 591 (65.7) 711 (48.9) <0.001 487 (64.4) 815(51.0) <0.001
Socio-economic status

High 239 (26.6) 198 (13.6) 179 (23.7) 258 (16.1)

Low 191 (21.2) 510(35.1) 160 (21.2) 541 (33.9)

Middle 469 (52.2) 747 (51.3) <0.001 417 (55.2) 799 (50) <0.001
Urban vulnerability index
(quintiles)

1 (least vulnerable) 264 (29.4) 312 (21.4) 232 (30.7) 344 (21.5)

2 213 (23.7) 346 (23.8) 161 (21.3) 398 (24.9)

3 173 (19.2) 255 (17.5) 137 (18.1) 291 (18.2)

4 141 (15.7) 284 (19.5) 133 (17.6) 292 (18.3)

5 (most vulnerable) 108 (12.0) 258 (17.7) <0.001 93(12.3) 273(17.1) <0.001

PM.s (ng/m?); mean (SD) 17 (2.5) 17.4(25) <0001 |165(2.2) 17.6(2.6) <0.001
NO, (ug/m’); mean (SD)  39.8(6.3) 39.8(6.1) 0932  [39.2(6.2) 40.1(6.2) 0.002

BMI: Body mass Index; SD: Standard deviation; WHR: waist-to-hip ratio; NDVI:
Normalized difference vegetation index; IQR: Interquartile range; METSs: metabolic
equivalent of task. PMys: particulate matter less than 2.5 pm; NO: nitrogen dioxide. *
Chi square p-value for categorical variables and t-test p-value for continuous variables
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Table 2. Association between access to green spaces within 300 m from the current residence and excess weight and abdominal obesity in the
overall population and stratified by sex

Outcome

Overall population, n =2354

Stratified by sex

Basic ?

OR (95%Cl) p-value

Adjusted °

OR (95%Cl) p-value

Men, n=1223 ¢

OR (95%Cl) p-value

Women, n=1131°¢
OR (95%Cl) p-value

p-value for

interaction (LRT)

Excess weight
No
Yes
Abdominal obesity
No
Yes

1 (ref)
0.86 (0.64-1.15) 0.318

1 (ref)
0.69 (0.46-1.02) 0.066

1 (ref)
0.82 (0.63-1.07) 0.143

1 (ref)
0.68 (0.45-1.01) 0.057

1 (ref)
0.92 (0.64-1.32) 0.654

1 (ref)
1.06 (0.59-1.91) 0.835

1 (ref)
0.73 (0.51-1.05) 0.092

1 (ref)
0.55 (0.35-0.87) 0.010

0.373

0.056

OR: Odds ratio; 95%Cl: 95% confidence interval. @ Basic model (or crude model, adjusted only for a priori confounders): age and sex. ° Fully
adjusted model (adjusted for all potential confounders according to the DAG): adjusted for sex, age, level of education, individual socio-economic
status, area level economic status. ¢ Models stratified by sex adjusted for age, level of education, individual socio-economic status and area level
economic status. All models included catchment area as random effect.
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Table 3. Interaction between polygenic risk score and access to green urban areas within 300 m
of the residence

Low polygenic risk High polygenic risk p-value
score (< 75%), n=1271 score (> 75%), n=382 LRT, 2 df®

Outcomes OR (95% CI) @ OR (95% CI) 2
Excess weight 0.92 (0.59-1.45) 0.83(0.36-1.91) 0.825
Abdominal obesity 0.64 (0.35-1.18) 0.32 (0.10-1.06) 0.285

OR: Odds ratio comparing yes versus no categories. 95%CI: 95% confidence interval.
LRT: Likelihood ratio test; df: degrees of freedom. ? Effect of the access to green urban
areas within 300 m of the residence on obesity for each stratum of polygenic risk score.
Model with interaction term (green spaces*genetic score), adjusted for sex, age, level of
education, individual socio-economic status, area level economic status (catchment area
as random effect); ® p-value of LRT for the interaction term
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Table 4. Results of the mediation analysis between access to green spaces within 300 m from
the current residence and excess weight and abdominal obesity considering different potential

mediators

Outcome

Mediator

Total Effect

Indirect Effect

Direct Effect

OR (95%Cl) ?

OR (95%CI)*

OR (95%Cl)

Excess weight

Levels of PA (low
vs. high)

NO2 (ug/m®)
PM2s (ug/m°)

0.85 (0.61, 1.15)
0.85 (0.61, 1.15)
0.85 (0.61, 1.15)

1.01 (0.98, 1.03)
1.00 (0.98, 1.01)
0.99 (0.97, 1.01)

0.85 (0.61, 1.14)
0.85 (0.61, 1.15)
0.86 (0.61, 1.16)

Abdominal
obesity

Physical activity
NO; (ng/md)
PMs (ug/m?)

0.80 (0.51, 1.28)
0.81 (0,51, 1.29)
0.80 (0.51, 1.26)

1.01 (0.98, 1.04)
1.00 (0.99, 1.02)
1.02 (1.00, 1.07)

0.80 (0.51, 1.20)
0.80 (0.50, 1.22)
0.78 (0.49, 1.20)

OR: Odds ratio; 95%CI: 95% confidence interval; PA: physical activity; PM2s:
particulate matter less than 2.5 um; NO2: nitrogen dioxide.  95%CI were calculated using
bootstrap procedure.
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Table 5. Association between surrounding greenness within 300 m from the current residence and excess weight and abdominal obesity in the

overall population and stratified by sex

Overall population, n =2354

Stratified by sex

Outcome Basic ? Adjusted Men, n=1223 ¢ Women, n=1131 ¢ p-value for
OR (95%ClI) p-value OR (95%CI) p-value | OR (95%CI) p-value OR (95%ClI) p-value | interaction (LRT)

Excess weight

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 0.96 (0.85-1.09) 0.540 0.99(0.88-1.11) 0.875 | 1.11(0.94-1.32) 0.218 0.91(0.78-1.05) 0.199 0.056
Abdominal obesity

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 0.89(0.77-1.02) 0.095 0.91(0.79-1.05) 0.186 | 1.09 (0.87-1.37) 0.445 0.82(0.69-0.97) 0.023 0.021

OR: Odds ratio, increase is per 1 IQR based on the NDVI on all the study population in the 300 m buffer around the residence; 95%CI: 95%
confidence interval. @ Basic model: model adjusted for age and sex. ® Fully adjusted model: adjusted for sex, age, level of education, individual
socio-economic status, area level economic status. © Models stratified by sex adjusted for age, level of education, individual socio-economic status
and area level economic status. Catchment area included as random effect. All models included catchment area as random effect.
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Table 6. Interaction between polygenic risk score and surrounding greenness within 300 m of
the residence

Low polygenic risk High polygenic risk p-value
score (< 75%), n=1271  score (> 75%), n=382  LRT, 2 df®
Outcomes OR (95% ClI) @ OR (95% ClI) @
Excess weight 0.96 (0.82-1.12) 0.89 (0.69-1.16) 0.613
Abdominal obesity 0.80 (0.65-0.99) 0.68 (0.50-0.93) 0.320

OR: Odds ratio, increase is per 1 IQR based on the NDVI on all the study population in
the 300 m buffer around the residence; 95%CI: 95% confidence interval; LRT:
Likelihood ratio test; df: degrees of freedom. 2 Effect of surrounding greenness within 300
m of the residence on obesity for each stratum of polygenic risk score. Model with
interaction term (surrounding greenness *genetic score), adjusted for sex, age, level of
education, individual socio-economic status, area level economic status (catchment area
as random effect); ® p-value of LRT for the interaction term
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Table 7. Results of the mediation analysis between surrounding greenness within 300 m from
the current residence and excess weight and abdominal obesity considering different potential

mediators

Outcome

Mediator

Total Effect

Indirect Effect

Direct Effect

OR (95%Cl) @

OR (95%ClI)

OR (95%ClI)

Excess weight

Levels of PA (low
vs. high)

NO2 (ug/m?®)
PMas (ng/m®)

1.05 (0.94, 1.19)
1.05 (0.94, 1.19)
1.05 (0.94, 1.18)

1.00 (0.98, 1.00)
1.03 (0.98, 1.07)
1.01 (0.98, 1.04)

1.06 (0.94, 1.19)
1.02 (0.89, 1.16)
1.04 (0.92, 1.19)

Abdominal
obesity

Physical activity
NO; (ng/md)
PMs (ug/m?)

0.96 (0.82, 1.12)
0.95 (0.81, 1.11)
0.95 (0.82, 1.11)

0.99 (0.98, 1.01)
0.98 (0.92, 1.04)
0.97 (0.94, 1.00)

0.96 (0.82, 1.11)
0.97 (0.82, 1.13)
0.98 (0.82, 1.13)

OR: Odds ratio; 95%CI: 95% confidence interval; PA: physical activity; PM2s:
particulate matter less than 2.5 um; NO2: nitrogen dioxide. # 95%CI were calculated using
bootstrap procedure.
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