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The association between natural outdoor environments
and common somatic symptoms

Abstract

There is growing evidence that urban natural outdoor environments (NOE) may positively
impact health by reducing stress and stress-related symptoms. However, there is limited
research investigating this link across a range of NOE indicators. This cross-sectional study
investigated the association between neighbourhood NOE (availability, use, and satisfaction
with NOE) and common somatic symptoms and the role of potential mediators. Data were
analysed from 3481 adults from Barcelona (Spain), Doetinchem (Netherlands), Kaunas
(Lithuania) and Stoke-on-Trent (United Kingdom). NOE data were obtained through self-
reported data and environmental measurements. Common somatic symptom data were self-
reported. Mixed effects regression models were used for analysis, with models adjusted for
potential sociodemographic confounders. Higher satisfaction with neighbourhood NOE was
associated with lower prevalence of common somatic symptoms (exp(B) 0.97; 95% CI 0.96,
0.98); an association partially mediated by mental health, social cohesion and air quality
concern. A longer time spent in NOE was associated with lower prevalence of common somatic
symptoms in low socioeconomic status neighbourhoods (exp(f) 0.98; 95% CI 0.96, 1.00). A
higher number of neighbourhood green spaces (300m buffer) was associated with higher
prevalence of common somatic symptoms (exp(B) 1.03; 95% CI 1.00, 1.05). No statistically
significant associations were found for other NOE indicators. Study findings suggest that
higher satisfaction with NOE may be associated with lower prevalence of common somatic
symptoms, with mental health, social cohesion and concern about air quality playing partial
mediating roles. Little evidence was found of an association between objective NOE

measurements and common somatic symptoms, underlining the importance of perceptions of

NOE for conferring health benefits.

Keywords: common somatic symptoms; natural outdoor environments; stress; stress-

related symptoms; green space; nature perception



Natural outdoor environments and common somatic symptoms

1. Introduction

Over half of the global population now lives in urban areas compared to 30% of the population
in 1950 (United Nations - Department of Economic and Social Affairs - Population Division,
2018). By 2050, these levels are expected to have risen even further, to almost 70% of the
global population (United Nations - Department of Economic and Social Affairs - Population
Division, 2018). While urban living can have benefits for health and wellbeing, including
improved access to healthcare and opportunities for social connection (Sanz-Barbero et al.,
2012; Turnbull et al., 2008), environmental and social stressors such as traffic, crime and
high levels of pollution, can make towns and cities challenging environments in which to live.
There is a growing body of evidence linking such environments with a range of health
conditions and risk factors, including higher levels of stress and stress-related symptoms
(Gong et al., 2016; Lachowycz and Jones, 2011; Roe et al., 2013; Won et al., 2016).

Stress can manifest both as psychological and physical symptoms, including common somatic
symptoms (Lipowski, 1988). Common somatic symptoms are those that may or may not have
a conclusive organic basis and include sensations such as pain, nausea and fatigue (Zijlema
et al., 2013). These symptoms are prevalent across the general population but the tendency
to experience and seek help for them is particularly common among those suffering from
stress and associated psychological conditions, as well as those with certain personality traits
(de Waal et al., 2004, Lipowski, 1988; Rosmalen et al., 2007). Persistent symptoms can have
a considerable impact on the lives of individuals, affecting both employment and social
functioning (Gureje et al., 1997; Rask et al., 2015; Terluin et al., 2011). Beyond the human
costs, common somatic symptoms also place a substantial burden on the healthcare system

due to a high use of medical resources (Barsky et al., 2005).

It has been suggested that incorporating natural outdoor environments (NOE), such as parks
and lakes, into the design of urban areas may help to reduce stress and promote mental
wellbeing (Nieuwenhuijsen et al., 2016). Previous studies have linked exposure to these
spaces with lower perceived and physiological stress levels and improved stress recovery
(Ewert and Chang, 2018; Tyrvdinen et al., 2014; Ulrich et al., 1991). The mechanisms
through which these benefits occur are not yet fully understood but four key pathways are
thought to play important roles (Hartig et al., 2014). Firstly, it has been proposed that NOE
may promote physical activity by providing space for activities such as walking and cycling,

and may enhance positive social contact by providing areas to interact with others (Hartig et



al., 2014). These spaces are also thought to reduce exposure to harmful pollutants and
provide a restorative environment away from everyday stressors (Hartig et al., 2014; Kaplan,
1995; Ulrich et al., 1991). While the benefits of physical activity and social contact are derived
from actively spending time in NOE, the latter two pathways may influence health simply
through the presence of NOE within a neighbourhood (e.g. by providing a green/blue view

that can be seen through the windows of the home) (Hartig et al., 2014).

Previous studies investigating the link between neighbourhood NOE and common somatic
symptoms have often reported a small but statistically significant negative association
(Groenewegen et al., 2018; Korpela and Ylen, 2007; Maas et al., 2009; Triguero-Mas et al.,
2017; van den Berg et al., 2010). For example, a Dutch study using electronic GP records
found a lower prevalence of common somatic symptoms among those living in areas with a
higher percentage of green space (Maas et al., 2009). A recent study by Triguero-Mas et al.,
which used smartphones to collect data on time spent in NOE, reported a statistically
significant negative association between time spent in surrounding greenness and common
somatic symptoms (Triguero-Mas et al., 2017). Other studies have found no statistically
significant association between NOE exposure and common somatic symptoms (Piccininni et
al., 2018; Zock et al., 2018). Several of the studies that reported a statistically significant
relationship between NOE and common somatic symptoms found that this relationship
varied according to sociodemographic characteristics. For instance, stratified analysis
undertaken by Groenewegen et al. revealed a statistically significant association between
green space and somatic symptoms for the lowest quintile of socioeconomic status (SES)
only, with more green space associated with fewer somatic symptoms; a finding also
supported by Maas et al. (Groenewegen et al., 2018; Maas et al., 2009). Triguero Mas et al.
found stronger relationships between somatisation and contact with surrounding greenness
among men, younger participants and those with a low-medium education level, as well as
some differences between participants from different cities (Triguero-Mas et al., 2017).- To
date, few studies have investigated the potential mechanisms through which NOE and
common somatic symptoms may be associated. Those that have indicate that stress-
reduction and social cohesion may play particularly important roles (de Vries et al., 2013;
Triguero-Mas et al., 2017). Triguero-Mas et al. (2017) found that perceived stress

completely mediated the relationship between contact with NOE and the lack of

somatisation. Since they could not establish mediation by physical activity, they arqued that

it might not be the intensity of activity undertaken in a NOE that is of importance to health,




but the stress reduction that visiting the NOE provokes (Triguero-Mas et al., 2017). This

was also concluded by de Vries et al. (2013), that found that especially stress reduction and

social cohesion were important mediators of the association between NOE and perceived

general health and acute health complaints (de Vries et al., 2013).

Further studies are needed to investigate whether the findings from existing research hold
true in other settings and to develop further detail on the potential mechanisms through which
associations may occur. Previous studies generally use only one type of NOE measurement
(most commonly amount of green space or self-reported use of green space) and have rarely
explored individual perceptions of NOE_(Frumkin et al., 2017; Markevych et al., 2017;
Nieuwenhuijsen et al., 2016). Examining a range of objective and subjective NOE indicators
in one study, covering both NOE availability and contact, would help to provide important
additional detail required for policy-making. For example, knowing whether individuals need
to spend time in neighbourhood NOE to see positive health effects would help to determine
whether the introduction of more neighbourhood NOE should be accompanied by interventions
that actively encourage its use. Knowing whether positive perceptions of NOE are necessary
for health benefits may help to inform community involvement processes during the

development of new green spaces.

The aim of this study was to investigate the association between neighbourhood NOE
exposure and common somatic symptoms in a sample from four European cities. Specifically,
the study sought to address whether there is an association between (objective and
subjective) availability of, satisfaction with, and time in NOE, and common somatic
symptoms; and whether these associations are mediated by perceived mental health, social
cohesion, outdoor physical activity and/or air quality concerns. We hypothesised that higher
levels of neighbourhood NOE availability, time spent in NOE, and levels of satisfaction with
NOE would be associated with fewer common somatic symptoms, and that perceived mental
health, social cohesion, outdoor physical activity and air quality concerns, (that are indicators
of the four potential pathways linking NOE and health) would play mediating roles.

2. Methods

2.1  Study Setting and Data Collection



This cross-sectional study analysed data from the Positive Health Effects of the Natural
Outdoor environment in Typical Populations in different regions in Europe (PHENOTYPE)
project. Respondents were randomly selected from approximately 30 neighbourhoods across
four European cities: Barcelona (Spain), Doetinchem (Netherlands), Kaunas (Lithuania) and
Stoke-on-Trent (United Kingdom; UK)_(Figure 1). Diverse neighbourhoods were selected to
obtain variation in SES and availability of NOE. Data were collected between May and
November 2013 through an interview-administered questionnaire (except in Kaunas where a
self-administered questionnaire was used). Further detail relating to study methods can be
found in the PHENOTYPE study protocol (Nieuwenhuijsen et al., 2014) and elsewhere (Kruize
et al., 2019; Smith et al., 2017). Ethical clearance was obtained by the principal investigators
of the PHENOTYPE study in every city in which the study was conducted. All study participants
provided written informed consent before taking part. The study was conducted in accordance
with the Declaration of Helsinki (World Medical Association, 2013).

2.2  Study Population

Approximately 1000 residents per city, and 30 per neighbourhood (n=3986), aged 18 to 75
years old were recruited for the study. Data from 505 respondents were excluded from the
current analysis due to missing values for common somatic symptoms, perceived residential
greenness/blueness, time spent in NOE, age, gender, education level, perceived income, SES,
employment status, household composition, smoking status or dog ownership. A final sample
of 3481 was included in analysis.

2.3 Study Data

2.3.1. NOE exposure

Natural outdoor environments were considered to include natural green spaces such as nature
reserves, forests, parkland, roof gardens and city parks, and natural blue spaces, including
canals, ponds, creeks, rivers and beaches (Nieuwenhuijsen et al., 2014).

2.3.1.1. Objective neighbourhood NOE availability



Residential surrounding greenness: Residential surrounding greenness was measured
using the Normalised Difference Vegetation Index (NDVI), which is a measure of greenness.
NDVI makes use of differences in the portion of visible light and near infrared light reflected
by the surface of healthy and sparse vegetation (Weier and Herring, 2000). It is measured
on a scale between -1 and +1, with higher values indicating higher levels of green vegetation.
NDVI values were derived from Landsat 8 satellite images with 30m x 30m resolution (Smith
et al., 2017). Mean NDVI values within a 100m, 300m and 500m circular buffer were
calculated for each residence and rescaled according to city-specific interquartile ranges in
order to compare common somatic symptoms in an area with typical low (25% percentile)
mean NDVI with an area with typical high (75t percentile) mean NDVI. This exposure

indicator is meant to provide a measure of average greenness of the area around the

residence.

Number of natural spaces: The number of natural spaces within a 300m and 500m network

buffer was calculated_using a modified road network for each residence in Barcelona, Stoke-

on-Trent and Kaunas using Urban Atlas 2006, which provides reliable and comparable urban
land use maps. The categories of natural space included were (a) green urban areas; (b)
agricultural and semi natural areas; (c) forests and (d) water bodies. For Doetinchem,
comparable categories were defined using the ‘TOP10NL" database as Urban Atlas data were
not available. A natural space was included in the count if it intersected or was within the
residential network buffer (Smith et al., 2017). The minimum size of natural space included
was 20.25ha due to the spatial resolution of Urban Atlas (Smith et al., 2017). Variables were

analysed as continuous count data. This exposure indicator is meant to provide a measure of

access to natural spaces.

Distance to nearest natural space: Straight-line distance (in metres) to the nearest natural
space was calculated for each respondent using Urban Atlas 2006 for Barcelona, Stoke-on-
Trent and Kaunas, and the ‘Fop10-nITOP10NL’ database for Doetinchem. The categories of
natural space included were (a) green urban areas; (b) agricultural and semi-natural areas;

(c) forests; and (d) water bodies (Smith et al., 2017). This exposure indicator is meant to

provide a measure of access to natural spaces.




2.3.1.2. Subjective NOE availability, visits, and satisfaction

Perceived residential greenness/blueness: Respondents were asked to describe their (a)
street, (b) neighbourhood, and (c) the view from their home in terms of green and blue. Each
question was answered on a 5-point response scale, ranging from “not at all” to “very”. A
sum score was calculated with higher scores representing higher perceived residential

greenness/blueness.

Time spent in NOE: Respondents were asked two questions to assess time spent in NOE
near home: “how often did you visit a green/blue environment near your home in the last 4
weeks?” (assessed on 5-point scale from “never” to “(almost) daily”); and “how much time
did you spend at a green/blue environment close to home in the last 4 weeks?” (assessed on
5-point scale from “<1 hour” to “6-10 hours”). An area close to home was defined as a location
less than 15 minutes by bike/foot from home. These responses were used to calculate a
composite score representing the total amount of time (frequency x average duration) spent
in @ NOE near home. As response scales were categorical, mid-point values from each
response option were taken to calculate the composite variable. Values were rescaled using
city-specific interquartile ranges in order to compare common somatic symptoms between a

person with typical low (25 percentile) and typical high (75t percentile) time spent in NOE.

Satisfaction with NOE: Respondents were asked to rate their satisfaction with the quality,
amount, safety and maintenance of the green/blue environment in their neighbourhood. Each
item was assessed on a 5-point scale from “very dissatisfied” to “very satisfied”. A sum score
(4-20) was calculated with higher scores representing higher levels of satisfaction.

2.3.2. Common somatic symptoms

The presence of common somatic symptoms was measured with a 9-item question, using 7
items from the Four-Dimensional Symptom Questionnaire (4DSQ) somatisation/distress scale
plus two additional items (Terluin et al., 2006; Triguero-Mas et al., 2017). Respondents were
asked to assess whether they had experienced any of the following symptoms in the past
week: (i) dizziness/light-headed, (ii) painful muscles, (iii) back and/or shoulder pain, (iv)
headache, (v) nausea, (vi) pain in the abdomen or stomach area, (vii) pain in the chest, (viii)

ache in the back of the head, (ix) fatigue. Each item was answered on a 5-point scale ranging



from “no” to “very often”. Items were transformed into dichotomous variables “no” (those
who answered “no” only) or “yes” (sometimes; regularly; often; very often) and combined

into a symptom count from 0 to 9.

2.3.3. Mediators

Mental Health: Perceived mental health was assessed using a subscale of the Short Form
Health Survey (SF-36), which has been shown to be reliable and valid (Ware and Sherbourne,
1992). The subscale comprises five items relating to aspects of mental health (e.g.
depression) during the past 4 weeks, answered on a 6-point scale ranging from “none of the
time” to “all of the time”. Where responses to one or two items from the scale were missing,
values were replaced with an average of the other items. Where more than two items from
the scale were missing, these observations were excluded from analysis. According to
guidelines, a sum score was calculated and transformed into a scale from 0 to 100, with higher
scores indicating better perceived mental health (Ware and Sherbourne, 1992).

Social Cohesion: Social cohesion in the neighbourhood was assessed using the 5-item social
cohesion and trust scale developed by Sampson et al., (Sampson et al., 1997). Scale items
relate to interactions between people within a neighbourhood (e.g. levels of trust and
willingness to help others). A sum score (5-25) was calculated with a higher score indicating

more social cohesion.

Outdoor Physical Activity: Outdoor physical activity was assessed using items from the
Short Questionnaire to Assess Health enhancing physical activity (SQUASH) survey (van
Poppel et al., 2010; Wendel-Vos et al., 2003). Respondents were asked how often
(days/week) and how long on average (minutes) they: walk or bike to school or work; walk,
bike or garden during leisure time; and participate in sports. These items were considered
the most likely to take place outdoors (and potentially in NOE) and therefore most relevant
for analysis. Responses to the questions were used to calculate a composite score (frequency
x average duration) representing the total amount of time conducting outdoor physical activity
per week.

Air Quality Concern: Air quality concern was assessed by asking “are you worried that the

air pollution in your neighbourhood can lead to health problems?”, with answers on a 10-point



scale ranging from “not at all worried” to “extremely worried”. Scores were transformed into
four categories (not at all worried; a little worried; worried; severely worried) according to
cut-offs previously defined for noise annoyance (Miedema and Oudshoorn, 2001) and
dichotomised into “high concern” (worried; severely worried) and “low concern” (not at all

worried; a little worried).

2.3.4. Other Covariates

Analyses were adjusted for the following sociodemographic characteristics (selected based on
previous studies (Maas et al., 2009; White et al., 2017; Zijlema et al., 2018) and theoretical
plausibility of potential confounding): age, gender, education level (primary school; secondary
school; university degree or higher), perceived income (cannot make ends meet; enough to
get along; comfortable), employment status (employed; not employed) neighbourhood SES

(low; medium; high; based on country-specific income and education level data, see

(Ruijsbroek et al., 2017)), and city. Analyses were further adjusted for smoking status (yes;
used to smoke; have never smoked), household composition (alone; with partner only; with
children younger than 12 years old; with children older than 12 years old only), and dog

ownership (yes; no).

2.4  Statistical Analysis

Associations between common somatic symptoms and NOE indicators were analysed using
mixed effects negative binomial regression models, with a random intercept at the
neighbourhood level. This approach was selected because of overdispersion of the data (i.e.
variance greater than the mean) and following comparison of Akaike Information Criterion
(AIC) values across models to evaluate model fit (Supplementary Material, Table S1) and
consultation of literature relevant to analysis of symptom count data (Xu et al., 2017;
Zaninotto and Falaschetti, 2011). Negative binomial model regression coefficients are usually
exponentiated and reported as Incidence Rate Ratios. However, given this study’s cross-
sectional nature, reporting an incidence is not appropriate. The coefficients in this study are
therefore referred to as exponentiated regression coefficients (exp(B)), representing the
proportional increase/decrease in common somatic symptom count. Crude and adjusted
models were constructed, with the latter adjusted for city and the covariates outlined in

section 2.3.4. Where crude and adjusted models produced substantially different results, the



relative importance of potential confounders was further investigated by excluding significant
confounders individually from the adjusted model. The statistical significance of interaction
terms for city, gender, income, SES and employment status was assessed using likelihood
ratio tests, and significant interactions (city, gender and SES) were investigated further
through sub-group analysis.

Mediation analysis was conducted according to the Baron & Kenny method (Baron and Kenny,
1986), taking into account critiques by Zhao et al., (2010) (Zhao et al., 2010). Indirect
pathways between NOE indicators and common somatic symptoms were investigated by
analysing the association between NOE indicators and potential mediators, and between
potential mediators and common somatic symptoms, adjusted for NOE indicator. Overall
pathways were then studied by investigating the association between NOE indicators and
common somatic symptoms, adjusted for potential mediators. Linear regression (mental
health and social cohesion), negative binomial regression (outdoor physical activity) and
logistic regression (air quality concern) were used to analyse the association between NOE
indicators and potential mediators. Negative binomial regression models were used in all other
mediation analyses. Associations with p-value <0.05 were considered statistically significant.
All analyses were conducted using Stata 14.2.

2.5 Sensitivity Analysis

Associations between all NOE indicators (objective and subjective) and common somatic
symptoms were repeated excluding respondents with one or more chronic disease and,
separately, excluding respondents with restricted mobility, to reduce the likelihood that
symptoms related to an established medical condition were captured within the common
somatic symptom score. In addition, the main analyses were additionally adjusted for having
a chronic disease and having restricted mobility as an alternative way to assess the influence
of an established medical condition on common somatic symptoms. The main analyses were
also repeated with each individual somatic symptom excluded (one at a time) from the total
common somatic symptom score in order to test the influence of each symptom on the overall
patterns of association. Associations between all NOE indicators and common somatic
symptoms were repeated with a dichotomous outcome variable (reporting any of the 9
symptoms; no symptoms) using mixed effects logistic regression models, with a random

intercept at the neighbourhood level.
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Sensitivity analyses were also used to further investigate observed statistically significant
associations between NOE indicators and common somatic symptoms. The association
between the number of green spaces within a 300m buffer and common somatic symptoms
was further studied by rescaling the variable using city-specific interquartile ranges in order
to compare common somatic symptoms between a person in an area with a typical low (25t
percentile) and typical high (75% percentile) number of green spaces. The influence of
individual cities on these associations was tested by excluding each city individually from

analysis.

3. Results
3.1. Population Characteristics

Respondents had a mean age of 51.6 years old (SD 15.8) and 54.8% were female (Table 1).
There were statistically significant differences between cities for each of the parameters
studied. The median number of common somatic symptoms reported by respondents in the
week prior to the survey was 2 (IQR 3), with 24.6% of respondents reporting no somatic
symptoms. The median number of reported symptoms was higher in Doetinchem and Kaunas
than in Barcelona and Stoke-on-Trent. The smallest median distance (46.1 metres) to the
nearest natural space was in Doetinchem, and the largest median distance (300.5 metres)
was in Barcelona. Median length of time spent in NOE was highest in Doetinchem (10hrs/4
weeks) and lowest in Stoke-on-Trent (1.25hrs/4 weeks). Median level of satisfaction with NOE
was highest in Doetinchem and Stoke-on-Trent and lowest in Barcelona and Kaunas (Table
2).

Table 1. Demographics of the study population - pooled and city-specific analyses

Pooled Barcelona Doetinchem Kaunas Stoke-on-Trent
Participants, n (%) 3481 (100) 970 (27.9) 843 (24.2) 817 (23.5) 851 (24.5)

Age, mean (SD) 51.6 (15.8)  45.18 (15.5) 56.40 (12.1) 60.10 (13.6) 45,99 (16.0) *
Gender *
Female, n (%) 1908 (54.8) 507 (52.3) 474 (56.2) 489 (59.9) 438 (51.5)
Education level *

Low, n (%) 246 (7.07) 143 (14.7) 10 (1.84) 15 (1.84) 78 (9.17)
Medium, n (%) 1526 (43.8) 375 (38.7) 395 (46.9) 209 (25.6) 547 (64.3)
High, n (%) 1709 (49.1) 452 (46.6) 438 (52.0) 593 (72.6) 226 (26.6)
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Income

Cannot make ends

meet, n (%) 375 (10.8) 124 (12.8) 147 (17.4) 41 (5.02) 63 (7.40)
Enough to get b{;%’; 1729 (46.7) 481 (49.6) 255 (30.3) 585 (71.6) 408 (47.9)
Comfortable, n (%) 1377 (39.6)  365(37.6) 441 (52.3) 191 (23.4) 380 (44.7)
Employment status
Employed, n (%) 2117 (60.8) 656 (67.6) 507 (60.1) 393 (48.1) 561 (65.9)
Neighbourhood SES
Low, n (%) 1105 (31.7) 322 (33.2) 266 (31.6) 213 (26.1) 304 (35.7)
Medium, n (%) 1325 (38.1) 324 (33.4) 327 (38.8) 389 (47.6) 285 (33.5)
High, n (%) 1051 (30.2) 324 (33.4) 250 (29.7) 215 (26.3) 262 (30.8)
Dog ownership
Yes, n (%) 1060 (30.5) 189 (19.5) 182 (21.6) 418 (51.2) 271 (31.8)
Household composition
Alone, n (%) 598 (17.2) 66 (6.80) 194 (23.0) 144 (17.6) 194 (22.8)
With partner without
children, n (%) 1191 (34.2) 237 (24.4) 384 (45.6) 318 (38.9) 252 (29.6)
With children <1?;/0’} 529 (15.2) 183 (18.9) 125 (14.8) 37 (4.5) 184 (21.6)
With children =212
only, n (%) 588 (16.9) 143 (14.7) 127 (15.1) 179 (21.9) 139 (16.3)
Other, n (%) 575 (16.5) 341 (35.2) 13 (1.54) 139 (17.0) 82 (9.64)
Smoking status
Current, n (%) 720 (20.7) 265 (27.3) 121 (14.4) 95 (11.6) 239 (28.1)
Former, n (%) 970 (27.9) 224 (23.1) 373 (44.3) 204 (25.0) 169 (19.9)
Never, n (%) 1791 (51.5) 481 (49.6) 349 (41.4) 518 (63.4) 443 (52.1)
Chronic disease
Yes, n (%) 1258 (36.2) 239 (24.7) 396 (47.0) 469 (57.4) 154 (18.1)
Restricted mobility
Yes, n (%) 835 (24.0) 77 (7.95) 239 (28.4) 387 (47.4) 132 (15.5)

n, number of participants; SD, standard deviation; SES, socioeconomic status. *statistically significant difference

between cities at 5% level based on chi-squared and one-way Analysis of Variance (ANOVA) tests

Table 2. NOE exposure and common somatic symptoms among study population -
pooled and city-specific analyses

Pooled Barcelona Doetinchem Kaunas Stoke-on-
Trent
Exposure (objective indicators)
Median (IQR) residential 0.46 0.56 *
surrounding greenness - ) 0.18 (0.11 0.52 (0.15 ) 0.45 (0.10
100m buffer (0-1)  (0.25) (0.11) (0.15) (0.10) (0.10)

12



Median (IQR) residential 0.48 0.55 *
surrounding greenness - (0'24) 0.19 (0.09) 0.54 (0.12) (0'10) 0.48 (0.10)
300m buffer (0-1) ) )

Median (IQR) residential 0.50 0.55

surrounding greenness - 0.20 (0.07) 0.55(0.10) 0.48 (0.11)
500m buffer (0-1)  (0-25) (0.09)
Median (IQR) number of *
natural spaces - 300m buffer 1(2) 0 (1) 3(3) 1 (1) 1(1)
(0-15)
Median (IQR) number of *
natural spaces - 500m buffer 3(4) 1 (3) 6 (3) 2 (2) 3(2)
(0-19)
Median (IQR) distance to 144 g 300.5 46.1 114.6 91.1 *
nearest natural space (M) (184.2)  (338.5) (85.9) (165.9) (105.0)
Exposure (subjective indicators)
Median (IQR) perceived *
residential
greenness/blueness 7(5) > (6) 2 3) 8(3) 7(3)
(sum score 0-12)
Median (IQR) Time spent in *
NOE near home 4 (11.8) 4 (12) 10 (8.25) 4 (11.3)  1.25(10)
(hours/4 weeks)
Median (IQR) satisfaction with *
NOE (sum score 4-20) 15 (4) 14 (5) 16 (3) 14 (4) 16 (4)
Outcome
Median (IQR) number of *
somatic symptoms (0-9) 2 (3) 1(3) 3(3) 3(3) 1(3)
Respondents reporting no 857 345 94 53 365 (42.9) *
somatic symptoms, n (%)  (24.6) (35.6) (11.2) (6.49) )
Mediators
Median (IQR) Mental Health *
Score (0-100) 76 (24) 72 (24) 84 (12) 72 (24) 76 (20)
(higher=better mental health)
Median (IQR) Social Cohesion *
Score (5-25) 17 (5) 17 (4) 19 (4) 15 (4) 18 (4)
(higher=more cohesion)
MEdia“éIQR)IO”tdmr 390 263 600 540 140 *
Physical Activity
(minutes per week) (600) (445) (490) (660) (420)
High level of concern about 1180 668 125 259 128 (15.0) *
air quality, n (%)  (33.9) (68.9) (14.8) (31.7) )

n, number of participants; NOE, natural outdoor environment; IQR, interquartile range. *statistically significant
difference between cities at 5% level based on chi-squared and Kruskal-Wallis tests

3.2. Correlation between NOE indicators

In general, the correlations between different objective NOE exposure indicators were
stronger than between objective and subjective NOE indicators. Between objective NOE
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indicators, residential surrounding greenness correlated more strongly with distance to
nearest natural space than number of natural spaces. Between subjective NOE indicators,
there was a moderate correlation between perceived residential greenness/blueness and
satisfaction with NOE. Time spent in NOE did not correlate with any of the other objective or

subjective NOE indicators (Figure 21).

14



) c

— o — o — o — £ c
scd scQ s c @ bS] ‘6 2.8 | 980w | = G
5SS %8o S8 28582 | S5us| S5ur oh s 22 Qe o 2
c2ck c2ckE c2cE | gCuE|glQE SRR 2clo O w O
[} o (] () () o > Lo S Qo juag— o € c a ©
S C S5 C S5 C Qo © Qa © c Q c o O

3500 S 35009 S 50869 CrEaQ| Ewac © © © 0T () n = 5
n e o n e DM w e o T3, @ Q1A £ 05 5'5%3 ) B
q)l:_;:a.)v wls_sa.]v q)&sav 2 vg ~ e s Q_GLJL-D E ©
x5 %3 % 3 8 ® 5} = a

with NOE

Residential
surrounding
greenness

Residential
surrounding
greenness

Residential
surrounding
greenness

Number of
natural
spaces
(300m) 0.34 0.38 0.38

Number of
natural
spaces
(500m) 0.30 0.36 0.38

Distance to
nearest
natural space -0.55 -0.57 -0.58

Perceived
residential
greenness/blu
eness 0.48 0.47 0.46

Time spent in
NOE

-0.40

0.29 0.29

0.11 0.13 0.12 0.05 0.02 -0.06 0.16

Satisfaction
with NOE

0.22 0.24 0.23 -0.01 -0.03 -0.25 0.46
Figure 12. Correlation between subjective and objective NOE indicators.
Blue=positively correlated; Red=negatively correlated. Darker colour indicates stronger
correlation.

3.3. Association between NOE indicators and common somatic symptoms

Objective neighbourhood NOE availability

Crude negative binomial models showed statistically significant positive associations between
residential surrounding greenness (100m, 300m and 500m buffers) and common somatic
symptoms (Table 3). However, associations disappeared after adjusting for potential
confounders, with further analysis suggesting ‘city’ was a major confounder (Supplementary

Material, Table S2). A small, statistically significant positive association was found between
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number of natural spaces (300m buffer) and common somatic symptoms, with a higher
number of natural spaces associated with a 3% higher prevalence of common somatic
symptoms (exp(B) 1.03; 95% CI 1.00, 1.05) (Table 3). No statistically significant associations
were found in crude or adjusted models between the other objective NOE indicators (number
of natural spaces at 500m; distance to nearest natural space) and common somatic symptoms
(Table 3).

Investigation of interaction terms and subsequent sub-group analysis revealed statistically
significant associations specific to male respondents, those living in low SES neighbourhoods,
and those in Barcelona and Stoke-on-Trent. Sub-group analysis by gender showed that
residential surrounding greenness (100m, 300m and 500m) and number of natural space
(300m and 500m) were statistically significantly associated with more common somatic
symptoms among male respondents but not female respondents, and distance from nearest
natural space was statistically significantly associated with fewer common somatic symptoms

among male respondents only (Table 4).

Subjective NOE availability, visits, and satisfaction

In contrast, crude and adjusted models showed a small, but statistically significant negative
association between satisfaction with NOE and common somatic symptoms, with a one-point
higher satisfaction score associated with a 3% lower prevalence of somatic symptoms (exp(B)
0.97; 95% CI 0.96, 0.98). No statistically significant associations were found in crude or
adjusted models between the other subjective NOE indicators (perceived residential
greenness/blueness; time spent in NOE) and common somatic symptoms (Table 3).

Sub-group analysis by neighbourhood SES found that a high amount of time spent in NOE
among those in low SES neighbourhoods was associated with 2% lower prevalence of common
somatic symptoms (exp(B) 0.98; 95% CI 0.96, 1.00). No statistically significant association
within medium or high SES neighbourhoods was observed (Table 5). Sub-group analysis by
city found that a one-point higher perceived residential greenness/blueness was associated
with 4% lower prevalence of common somatic symptoms among respondents in Stoke-on-
Trent (exp(B) 0.96; 95% CI 0.94, 0.98) but no statistically significant associations among
respondents in Barcelona, Doetinchem or Kaunas. A one-point higher NOE satisfaction score

was associated with lower prevalence of common somatic symptoms in Barcelona (exp(B)
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0.98; 95% CI 0.96, 0.99) and Stoke-on-Trent (exp(B) 0.94; 95% CI 0.93, 0.96) but no
statistically significant associations in Doetinchem or Kaunas (Table 6).

Table 3. Crude and adjusted association between NOE indicators and common
somatic symptoms

Adjusted model ®
exp(B) (95% CI)

Crude model @
exp(B) (95% CI)

NOE indicator

(n=3,481)
Residential surrounding greenness -
100m buffer (high vs low)
Residential surrounding greenness -
300m buffer (high vs low)
Residential surrounding greenness -
500m buffer (high vs low)
Number of natural spaces - 300m
buffer
Number of natural spaces - 500m
buffer
Distance to nearest natural space
Perceived residential
greenness/blueness
Time spent in NOE (high vs low) 1.00 (0.99-1.01) 1.00 (0.99-1.01)
Satisfaction with NOE 0.97*** (0.96-0.98) 0.97*** (0.96-0.98)

Note: 2 Unadjusted mixed effects negative binomial model with random intercept for neighbourhood. ® Adjusted for
age, gender, educational level, income, employment status, neighbourhood socioeconomic status, city, household
composition, smoking status and dog ownership. *p<0.05; ***p<0.001. NOE, natural outdoor environment.

1.08*** (1,04-1.12) 1.03 (0.98-1.07)

1.08%** (1,04-1.13) 1.01 (0.964-1.06)

1.10*** (1,06-1.15) 1.01 (0.971-1.06)

1.02* (1.00-1.05) 1.03* (1.00-1.05)

1.01 (1.00-1.03) 1.01 (1.00-1.03)

1.00 (0.9996-1.00)
0.99 (0.98-1.00)

1.00 (0.9995-1.00)
0.99 (0.98-1.00)

Table 4. Association between NOE and common somatic symptoms by gender

NOE indicator Adjusted model

exp(B) (95% CI)

Residential surrounding greenness —
100m (high vs low)

Male 1.07** (1,02-1.13)
Female 1.00 (0.96-1.05)
Residential surrounding greenness -
300m (high vs low)
Male 1.06* (1.00-1.12)
Female 0.98 (0.93-1.03)
Residential surrounding greenness —
500m (high vs low)
Male 1.05*% (1.01-1.11)
Female 0.98 (0.94-1.03)
Distance to nearest natural space
Male 0.9996* (0.9993-0.9999)
Female 1.00 (0.9998-1.00)
Number of natural spaces — 300m buffer
Male 1.06** (1,02-1.09)

17



Female 1.00 (0.98-1.03)
Number of natural spaces -— 500m buffer
Male 1.03** (1.01-1.05)
Female 1.00 (0.98-1.02)

Note: Mixed effects negative binomial models with random intercept for neighbourhood adjusted for age, educational
level, income, employment status, neighbourhood socioeconomic status, city, household composition, smoking status
and dog ownership. *p<0.05; **p<0.01. NOE, natural outdoor environment.

Table 5. Association between time spent in NOE and common somatic symptoms by
socioeconomic status

NOE indicator Adjusted model
exp(B) (95% CI)

Time spent in NOE (high vs low)

Low SES 0.98* (0.96-1.00)
Medium SES 1.01 (0.99-1.02)
High SES 1.01 (0.99-1.03)

Note: Mixed effects negative binomial models with random intercept for neighbourhood adjusted for age, gender,
educational level, income, employment status, city, household composition, smoking status and dog ownership.
*p<0.05. NOE, natural outdoor environment.

Table 6. Association between perceived residential greenness/blueness,
satisfaction with NOE, and common somatic symptoms by city

NOE indicator Adjusted model
exp(B) (95% CI)

Perceived residential

greenness/blueness
Barcelona 1.01 (0.99-1.04)
Doetinchem 1.00 (0.97-1.02)
Kaunas 1.00 (0.97-1.02)
Stoke-on-Trent 0.96*** (0.94-0.98)
Satisfaction with NOE
Barcelona 0.98** (0.96-0.99)
Doetinchem 1.00 (0.98-1.02)
Kaunas 0.98 (0.96-1.00)
Stoke-on-Trent 0.94*** (0,93-0.96)

Note: Mixed effects negative binomial models with random intercept for neighbourhood adjusted for age, gender,
educational level, income, employment status, neighbourhood socioeconomic status, household composition,
smoking status and dog ownership. **p<0.01; ***p<0.001. NOE, natural outdoor environment.
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3.4. Association between NOE indicators and potential mediators

Objective neighbourhood NOE availability

Residential surrounding greenness was positively associated with social cohesion (all buffer
sizes) and negatively associated with air quality concern (300m and 500m buffer distances).
No statistically significant association was found for number of natural spaces or distance to

the nearest natural space and the potential mediators (Table 7).

Subjective NOE availability, visits, and satisfaction

Perceived residential greenness/blueness was positively associated with mental health (coef.
0.20; 95% CI 0.02, 0.38), social cohesion (coef. 0.20; 95% CI 0.16, 0.24) and outdoor
physical activity (exp(B) 1.02; 95% CI 1.01, 1.03), and negatively associated with air quality
concern (OR 0.93; 95% CI 0.90, 0.95). Time spent in NOE was positively associated with
mental health (coef. 0.41; 95% CI 0.21, 0.60), social cohesion (coef. 0.07; 95% CI 0.03,
0.11) and outdoor physical activity (exp(B) 1.06; 95% CI 1.04, 1.07). Satisfaction with NOE
was positively associated with mental health (coef. 0.50; 95% CI 0.33, 0.67) and social
cohesion (coef. 0.22; 95% CI 0.18, 0.26), and negatively associated with air quality concern
(OR 0.90; 95% CI 0.88, 0.93; Table 7).
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Table 7. Association between NOE indicators and potential mediators

NOE indicator Perceived Social

mental health 2 cohesion ®

Outdoor physical
activity ¢

Air quality
concerns 9

B (95% CI)

B (95% CI)

exp(B) (95% CI) OR (95% CI)

(n=3,479) (n=3,311) (n=3,481) (n=3,480)
Residential
surrounding 0.22 0.39**x* 0.99 0.91
greenness - 100m (-0.50-0.94) (0.23-0.55) (0.94-1.05) (0.81-1.03)
buffer (high vs low)
Residential
surrounding 0.31 0.41**x* 1.00 0.82**
greenness - 300m (-0.40-1.02) (0.25-0.58) (0.95-1.05) (0.73-0.92)
buffer (high vs low)
Residential
surrounding 0.27 0.34%*x* 1.00 0.81%*x*
greenness - 500m (-0.35-0.89) (0.19-0.49) (0.96-1.04) (0.74-0.90)
buffer (high vs low)
Number of natural -0.31 0.04 1.00 0.99
spaces - 300m buffer (-0.70-0.09) (-0.05-0.13) (0.97-1.03) (0.93-1.06)
Number of natural -0.14 0.002 0.99 1.02
spaces - 500m buffer (-0.40-0.13) (-0.06-0.06) (0.98-1.01) (0.97-1.06)
Distance to nearest 0.001 -0.0002 1.00 1.00
natural space (-0.003-0.005) (-0.001-0.0007) (0.9997-1.0003) (0.9994-1.0006)
Perceived residential 0.20%* 0.20*** 1.02** 0.93***
greenness/blueness (0.02-0.38) (0.16-0.24) (1.01-1.03) (0.90-0.95)
Time spent in NOE 0.41%** 0.07**x* 1.06*** 1.01
(high vs low) (0.21-0.60) (0.03-0.11) (1.04-1.07) (0.97-1.04)
Satisfaction with 0.50%** 0.22%*x* 1.01 0.90%**
NOE (0.33-0.67) (0.18-0.26) (0.99-1.02) (0.88-0.93)

Note: 2 P Mixed effects linear regression models with random intercept for neighbourhood. < Mixed effects negative
binomial model with random intercept for neighbourhood. ¢ Mixed effects logistic regression model with random
intercept for neighbourhood. All models adjusted for age, gender, educational level, income, employment status,
neighbourhood socioeconomic status, city, household composition, smoking status and dog ownership. *p<0.05;
**p<0.01; ***p<0.001. NOE, natural outdoor environment; OR, odds ratio.

3.5. Association between potential mediators, NOE indicators, and common

somatic symptoms

The positive associations between number of natural spaces (300m buffer) and somatic
symptoms remained statistically significant and with the same magnitude when outdoor
physical activity or air quality concern were in the model, but were no longer statistically
significant when mental health or social cohesion were in the model (though exp(B) only

changed by 0.01) (Table 8). Since the number of natural spaces was not associated with any
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of the potential mediators, there is no indication that the positive association between number
of natural spaces (300m buffer) and somatic symptoms was mediated by mental health, social
cohesion, outdoor physical activity or air quality concern. Furthermore, there was no direct
association between residential surrounding greenness and somatic symptoms, but indirect-

only mediation was observed through social cohesion and air quality concern.

Perceived mental health, social cohesion and air quality concern were significantly associated
with common somatic symptoms, after adjusting for each of the objective and subjective NOE
indicators. For instance, following adjustment for satisfaction with NOE, a one-point higher
mental health score was associated with 2% lower prevalence of common somatic symptoms
(exp(B) 0.98; 95% CI 0.98, 0.99), a one-point higher social cohesion score was associated
with 2% lower prevalence of common somatic symptoms (exp(B) 0.98; 95% CI 0.97, 0.99),
while high (vs. low) air quality concern was associated with 16% higher prevalence of common
somatic symptoms (exp(B) 1.16; 95% CI 1.09, 1.25) (Table 8).

The negative association between satisfaction with NOE and common somatic symptoms
remained statistically significant when adjusted for each of the potential mediators (perceived
mental health, social cohesion, outdoor physical activity and air quality concern). However,
the magnitude of the association decreased by approximately 1% when mental health, social
cohesion or air quality concern were added (Table 8). These results suggest that better mental
health, higher social cohesion and lower air quality concern (but not outdoor physical activity)
partially mediated the negative association between satisfaction with NOE and common
somatic symptoms. Finally, there was no direct association between perceived residential
greenness/blueness and somatic symptoms, but we observed an indirect link through mental
health, social cohesion and air quality concern. Similarly, an indirect association between time

spent in NOE and somatic symptoms was observed through mental health and social cohesion.
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Natural outdoor environments and common somatic symptoms

3.6. Sensitivity analysis

When regression analyses between NOE indicators (objective and subjective) and common
somatic symptoms were repeated excluding respondents with one or more chronic disease
(n=2,223) or respondents with restricted mobility (n=2,646), the results were comparable to
analysis with the full dataset. The association between number of natural spaces (500m
buffer) and common somatic symptoms excluding those with one or more chronic diseases
became statistically significant in the same direction (i.e. positively associated) as the number
of natural spaces (300m buffer) in the full analysis (Supplementary Material, Tables S3-54).
Additional adjustment of the main analyses for having a chronic disease and restricted
mobility did not change the results (results not shown). When these analyses were repeated
excluding individual somatic symptoms from the overall symptom score or using a
dichotomous outcome variable (reporting any of the 9 symptoms vs no symptoms), results
were also comparable to the full analysis (Supplementary Material, Table S5-S6).

When the association between number of natural spaces (300m) and common somatic
symptoms was analysed using a dichotomous exposure variable (typical high number of
natural spaces vs typical low number of natural spaces), a statistically significant association
was no longer found (exp(B) 1.04; 95% CI 1.00, 1.07) (Supplementary Material, Table S7).
When regression analyses between NOE indicators and common somatic symptoms were
repeated excluding each individual city from analysis, the negative association between NOE
satisfaction and common somatic symptoms remained statistically significant in all analyses
but the positive association between number of natural spaces (300m) and common somatic
symptoms lost statistical signficance in the analyses excluding Doetinchem and Stoke-on-
Trent (Supplementary Material, Table S8).
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4. Discussion

4.1. Main findings

We investigated the association between a range of objective and subjective NOE exposure
indicators and number of somatic symptoms, and studied four possible pathways (physical
activity, mental health, social cohesion and air quality) through mediation analysis. Subjective

NOE exposure indicators demonstrated significant relationships with somatic symptoms more

often than objective NOE exposure indicators. Firstly, we found that a higher level of

satisfaction with neighbourhood NOE was significantly associated with lower prevalence of
common somatic symptoms and that this was partially mediated by better mental health,
higher social cohesion and lower air quality concern. Within low SES neighbourhoods, those
that spent more time spent in NOE reported fewer somatic symptoms, and in Stoke-on-Trent,
higher perceived residential greenness/blueness was associated with fewer somatic
symptoms. Mediation analysis also suggested indirect associations between perceived
residential greenness/blueness and common somatic symptoms (mediated by mental health,
social cohesion and air quality concern), time spent in NOE and somatic symptoms (mediated
by mental health and social cohesion), and residential surrounding greenness and somatic
symptoms (mediated by social cohesion and air quality concern). Overall, no associations
between objective NOE indicators and number of common somatic symptoms were observed.
However, unexpectedly, more natural spaces within a 300m network buffer was associated
with higher prevalence of somatic symptoms, and higher levels of residential surrounding

greenness was associated with higher prevalence of somatic symptoms among men.

4.2, Comparison with existing literature

The finding that there was no statistically significant association between most indicators of
NOE exposure and common somatic symptoms aligns with previous research by Zock et al.,
(2018), which reports no statistically significant associations (Zock et al., 2018). However,
two previous Dutch studies using electronic health records from general practitioner (GP)
visits have reported statistically significant negative associations between percentage of green
space and common somatic symptoms (Groenewegen et al., 2018; Maas et al., 2009). The
differences in findings may be due to these studies using much larger sample sizes (up to

1.16 million for one study using electronic health records (Groenewegen et al., 2018)) than
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the current study, providing them with higher statistical power. The studies used somatic
symptom data collected via GP records, meaning that those included in the studies were
sufficiently concerned about their symptoms to have visited a medical professional. This
suggests that the persistence and/or level of severity of the symptoms may be an important
factor in the association between common somatic symptoms and green space. The variability
in findings across different studies is perhaps not surprising given the variation in outcome
and exposure measurements and the complex interplay of biological, psychological and social
factors thought to be involved in the reporting of common somatic symptoms (Huss et al.,
2004). In particular, it has been suggested that personality traits may play an important role
in symptom reporting (Huss et al., 2004; Watson and Pennebaker, 1989). This aspect was

not explored in the current or previous studies.

The observed association between number of natural spaces at 300m and higher amount of
common somatic symptoms contradicts the study hypothesis and has not been reported in
previous studies using similar measurements of natural space_(Triguero-Mas et al., 2017).

The reasons behind this association are unclear. Fhere—is—some—previous—research—tnking

exno e to_areen-snace-with-increased-alleraie Morld Health-Organization (OWHO 016

with-allergy—this-explanation-is-unlikely—In-addition—gGiven the cross-sectional nature of the

study, the possibility of reverse causation cannot be ruled out, whereby those who experience

more symptoms choose to live in areas with higher numbers of natural spaces. If these
explanations were true, one might expect to see more consistency with the results for other
NOE indicators, although, as highlighted in Figure 12, the correlation between different NOE
indicators is not particularly strong. Alternatively, it is possible that this statistically significant
association is a chance finding or influenced by the highly skewed nature of the variable;
there was a median of one natural space within each 300m residential buffer but a maximum

of 15. Doetinchem, the city with the most natural spaces within 300m, but where participants

were on average older and reported more common somatic symptoms compared to the other

cities, might be driving this association, as shown by sensitivity analysis. It should also be

noted that the_other sensitivity analyses further produced inconsistent findings for the

association between this exposure variable and common somatic symptoms, suggesting that
the variable is sensitive to the method of analysis.
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The finding that time spent in NOE was significantly negatively associated with common
somatic symptoms in low SES neighbourhoods aligns with findings from several previous
studies, including those by Groenewegen et al., (2018), and Maas et al., (2009). Both found
stronger negative associations between green space and somatic symptoms among low SES
groups (Groenewegen et al., 2018; Maas et al., 2009). It has been hypothesised that
individuals in low SES neighbourhoods may benefit more from the availability of green space
because they tend to spend a larger proportion of their time close to home and have less
means to access NOE away from home, or because low SES groups tend to experience poorer
overall health than high SES groups, and could have more opportunity for benefit (Dadvand
et al., 2012; de Vries et al., 2003). In relation to time spent in NOE, there are some_-notable
differences between the findings of the current study and the study undertaken by Triguero-
Mas et al., (2017), on a subset of the PHENOTYPE dataset (Triguero-Mas et al., 2017). Partly

Cconsistent with the current study, the researchers found no—statistically—significant

) oh—between ommaon om /mntom Nnd vailah /- of NO b hav did nd-a

statistically significant negative association between time spent in surrounding greenness and

somatic symptoms, an observation we only made in the low SES group. They also found

stronger relationships between less somatisation and contact with surrounding greenness

among _men, which was not observed in our study. We did observe that the objective

residential NOE exposure indicators were associated with more common somatic symptoms

among male respondents but not female respondents. -The inconsistency between the two

studies may be explained by differences in the data used. While the study by Triguero-Mas et
al. involved a subset of participants from the PHENOTYPE study, data were collected via a
smartphone over a 7-day period. This means that data on green space use was collected
objectively using GPS tracking and somatic symptom data were collected twice a day over
the course of a week rather than at a single time-point, making the data collection methods
less prone to recall bias than the methods used in the current study (Triguero-Mas et al.,
2017).

To our knowledge, the association between satisfaction with neighbourhood NOE and common
somatic symptoms has not previously been reported. Other studies have, however, looked at
individual components of the satisfaction score (e.g. quality, safety) (de Vries et al., 2013;
Groenewegen et al., 2018). For example, de Vries et al. (2013) found that those living in
greener areas reported fewer acute health complaints (which includes somatic symptoms) but

that quality of green space may be a more important factor than quantity (de Vries et al.,
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2013). Our findings support the possibility that features of NOE beyond quantity are important
in shaping the relationship between NOE and health. From the current study, it is not possible
to know whether those who have more positive perceptions of NOE report fewer symptoms
because they benefit from this experience or whether their response to both questions is
influenced by other factors (e.g. personality traits). This area therefore merits further

attention.

The mediation analysis suggests that perceived better mental health, higher social cohesion
and lower air quality concerns may play mediating roles in the relationship between
satisfaction with NOE and common somatic symptoms. These findings align with the study of
de Vries et al., (2013), which found that stress and social cohesion, but not physical activity,
played mediating roles in the relationship between green space and acute health complaints
(de Vries et al., 2013). Triguero-Mas et al., (2017) also found that a significant negative
association between time spent in NOE and somatic symptoms was mediated by stress-
reduction (Triguero-Mas et al., 2017). The findings partially support our study hypothesis,
which predicted mediating roles for these three factors and (incorrectly) for outdoor physical
activity (Hartig et al., 2014).

4.3. Strengths and limitations

The current study is one of the first to examine the association between NOE exposure and
common somatic symptoms outside a healthcare setting, providing insight into this
association for a broad study population. A key strength of the study is the large and diverse
study population, which covers multiple European cities. Study sites were specifically selected
to capture individuals from neighbourhoods with varied SES and levels of NOE, improving the
generalisability of the study findings. The study also assessed a wide range of NOE indicators,
encompassing both objective measures and the perceptions of the study participants. Each
NOE indicator captures a slightly different aspect of neighbourhood greenness and therefore

provides insight into the most relevant aspects for health.

The study also has several limitations that are important to consider when interpreting results.
Firstly, missing data points resulted in the exclusion of 12% of the total observations from
the dataset, which may have negatively impacted the representativeness of the sample.
Secondly, the cross-sectional design of the study means that it is not possible to draw
conclusions about causal relationships. For example, it cannot be ruled out that those that

experience more somatic symptoms choose to live in areas with higher numbers of green
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spaces. Thirdly, it is possible that our findings for the subjective NOE indicators were affected
by same-source bias as both the exposure variables and the outcome came from self-reported
data. As a result, an individual’s personality or mental state may have led them to provide
similar ratings for both exposure and outcome, regardless of the objective situation. This is
particularly pertinent given the role that personality is thought to play in the reporting of
common somatic symptoms (Watson and Pennebaker, 1989). Finally, while the indicators
(perceived mental health, outdoor physical activity, social cohesion, air quality concern) used
in the mediation analysis to examine the four pathways between NOE exposure and common
somatic symptoms were the best available to us, other indicators may have been more
appropriate had the data been available. For example, it would have been preferable to
examine perceived stress rather than perceived mental health, and to examine an objective

measure of air quality rather than air quality concern.

There are a number of limitations relating to the measurement of common somatic symptoms
that must also be considered. It cannot be ruled out that some of the symptoms captured in
the somatic symptom questionnaire could be attributed to underlying illness. However, this
risk was minimised by using questions based on a validated questionnaire and by conducting
sensitivity analyses adjusting for and excluding those with restricted mobility or suffering from
a chronic disease. Finally, data on common somatic symptoms were transformed into count
data for the analysis due to the non-normal distribution of the original variable. While this
assisted analysis, it also led to information loss because the transformed data did not capture
information on duration of symptoms. This meant that someone who experienced a headache

once during the week was treated the same as someone who experienced one every day.
4.4. Implications for policymakers

While this study found little evidence of a statistically significant association between objective
NOE exposure and common somatic symptoms, the significant association between
satisfaction with NOE and common somatic symptoms suggests that individual perceptions of
NOE and features of NOE beyond quantity are important to consider when designing urban
areas that promote health. Furthermore, the differences in findings between socioeconomic
groups provides further support for the potential benefits of introducing NOE in low SES
neighbourhoods. While the associations found in the study are small, interventions with this

level of health benefit can make an important contribution to health at a population level.

4.5. Future research directions
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Longitudinal studies are needed in order to investigate a possible causal relationship between
satisfaction with NOE and common somatic symptoms and to better understand the potential
underlying mechanisms through which any benefits occur. These studies should investigate
the four potential mediators explored in the current study, using the most appropriate
measures for each mediator (e.g. perceived stress rather than perceived mental health).
Given the role that personality traits are thought to have in the reporting of common somatic
symptoms—a
level NOE-satisfaction, future studies should also consider how personality influences the
relationship between NOE exposure and common somatic symptoms.

5. Conclusions

This study found that higher satisfaction with NOE was associated with a lower prevalence of
common somatic symptoms, which may be partly due to better mental health, higher social
cohesion and lower concern about air quality. The study also found evidence of an association
between time spent in NOE and common somatic symptoms in low SES neighbourhoods.
There was little evidence of an association between objectively-determined NOE exposure and
common somatic symptoms. Further research is needed to confirm these findings and better

understand the link between NOE satisfaction_and other perceived NOE indicators and

common somatic symptoms.
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Table S6. Adjusted association between NOE indicators and common
somatic symptoms (reporting any of the 9 symptoms vs no symptoms)

NOE indicator Adjusted model
(n=3,481) OR (95% CI)
Residential surrounding greenness -
100m buffer (high vs low)
Residential surrounding greenness -
300m buffer (high vs low)
Residential surrounding greenness -
500m buffer (high vs low)
Presence of natural spaces - 300m

1.12 (0.97-1.30)

1.13 (0.98-1.30)

1.13 (1.00-1.27)

1.12** (1.04-1.21)

buffer

Presence of natural spaces - 500m 1.07%* (1.02-1.12)
buffer

Distance to nearest natural space 1.00 (0.999-1.00)
Perceived amount of NOE 0.96* (0.93-0.99)
Time spent in NOE (high vs low) 1.03 (0.99-1.07)
Satisfaction with NOE 0.93*** (0.91-0.96)

Note: Mixed effects logistic regression model with random intercept for neighbourhood. Adjusted for age,
gender, educational level, income, employment status, neighbourhood socioeconomic status, city,
household composition, smoking status and dog ownership. *p<0.05; **p<0.01; ***p<0.001. NOE,
natural outdoor environment; OR, odds ratio.



Table S7. Association between presence of green spaces within a 300m
residential network buffer and common somatic symptoms - continuous
and dichotomous variables

NOE indicator

Adjusted model
exp(B) (95% CI)

Presence of natural spaces - 300m

buffer (continuous)

1.03* (1.00-1.05)

Presence of natural spaces — 300m

buffer (high vs low)

1.04 (1.00-1.07)

Note: Mixed effects negative binomial models with random intercept for neighbourhood adjusted for age,
gender, educational level, income, employment status, neighbourhood socioeconomic status, city,
household composition, smoking status and dog ownership. *p<0.05. NOE, natural outdoor environment.

Table S8 Association between NOE indicators and common somatic
symptoms - excluding individual cities from analysis

NOE indicator

Adjusted model
exp(B) (95% CI)

Exc. Exc. Exc. Exc. Stoke-
Barcelona Doetinchem Kaunas on-Trent
(n=2,511) (n=2,638) (n=2,664) (n=2,630)
(high vs low) (1.00-1.09) (0.97-1.08) (0.98-1.11) (0.96-1.05)
:re;::,enr;tslzl.sg(;?;ns:,rf‘?er 1.02 1.01 1.01 1.00
(high vs low) (0.97-1.07) (0.95-1.07) (0.94-1.07) (0.96-1.04)
;f;‘ienr:s'z'_sggc‘;;"s;?fer 1.04 1.02 1.00 1.00
(high vs low) (0.99-1.09) (0.97-1.08) (0.94-1.06) (0.97-1.04)
Presence of natural spaces 1.02%* 1.04 1.03%* 1.02
- 300m buffer (1.00-1.05) (1.00-1.08) (1.00-1.06) (0.99-1.04)
Presence of natural spaces 1.02 1.02 1.02%* 1.01
- 500m buffer (1.00-1.03) (0.99-1.04) (1.00-1.04) (0.99-1.02)
P 1 00) (0.9996-1.00) (0.9995-1.00) (0.9997-1.00)
Perceived amount of NOE 0.98** 0.99 0.99 1.00
(0.97-0.99) (0.98-1.00) (0.97-1.00) (0.99-1.01)
Time spent in NOE (high 1.00 1.00 1.00 0.99
vs low) (0.99-1.01) (0.99-1.02) (0.98-1.02) (0.98-1.01)
Satisfaction with NOE 0.97*** 0.97 % ** 0.97%** 0.98%*
(0.96-0.98) (0.95-0.98) (0.96-0.98) (0.97-1.00)

Note: Mixed effects negative binomial models with random intercept for neighbourhood adjusted for age,
gender, educational level, income, employment status, neighbourhood socioeconomic status, city,
household composition, smoking status and dog ownership. *p<0.05; **p<0.01; ***p<0.001. NOE,

natural outdoor environment.



