Journal Pre-proof

environmental

Physical and mental health effects of repeated short walks in a blue space
environment: a randomised crossover study

Cristina Vert, Mireia Gascon, Otavio Ranzani, Sandra Marquez, Margarita Triguero-

Mas, Gloria Carrasco-Turigas, Lourdes Arjona, Sarah Koch, Maria Llopis, David
Donaire-Gonzalez, Lewis R. Elliott, Mark Nieuwenhuijsen

PII: S0013-9351(20)30707-6
DOI: https://doi.org/10.1016/j.envres.2020.109812
Reference: YENRS 109812

To appearin:  Environmental Research

Received Date: 27 February 2020
Revised Date: 13 May 2020
Accepted Date: 8 June 2020

Please cite this article as: Vert, C., Gascon, M., Ranzani, O., Marquez, S., Triguero-Mas, M., Carrasco-
Turigas, G., Arjona, L., Koch, S., Llopis, M., Donaire-Gonzalez, D., Elliott, L.R., Nieuwenhuijsen, M.,
Physical and mental health effects of repeated short walks in a blue space environment: a randomised
crossover study, Environmental Research, https://doi.org/10.1016/j.envres.2020.109812.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.envres.2020.109812
https://doi.org/10.1016/j.envres.2020.109812

Physical and mental health effects of repeated short walksin a blue space

environment: arandomised crossover study

Cristina Vert*® Mireia Gascoh®® Otavio Ranzani*>, Sandra Marquéz= Margarita
Triguero-Ma$*™®’ Gloria Carrasco-Turigdé® Lourdes Arjon&*® Sarah Koch?3
Maria Llopis"®*® David Donaire-GonzaléZ, Lewis R. Elliott?, Mark

Nieuwenhuijseh®*”

!|SGlobal, Barcelona, Spain

Universitat Pompeu Fabra (UPF), Barcelona, Spain

3CIBER Epidemiologia y Salud Publica (CIBERESP),d&#wna, Spain

“Universitat Autdnoma de Barcelona, Barcelona, Spain

®Institute for Environmental Science and Technol®prcelona, Spain

®IMIM (Hospital del Mar Medical Research Institut®arcelona, Spain

"Barcelona Lab for Urban Environmental Justice anst&nability, Barcelona, Spain

8lary MacKillop Institute for Health Research, Awditan Catholic University,
Melbourne, VIC, Australia

Institute for Risk Assessment Sciences (IRAS), €on of Environmental
Epidemiology (EEPI), Utrecht University, UtrechtgtNetherlands

European Centre for Environment and Human Healttiyéisity of Exeter Medical
School, United Kingdom

*Corresponding author at: Parc de Recerca BiométkcBarcelona — PRBB, C/Doctor
Aiguader, 88, 08003 Barcelona, Spain.

E-mail address: mark.nieuwenhuijsen@isglobal.orgl(Mieuwenhuijsen). Tel. +34 93
214 7337 | + 34 608 05 08 14



Abstract

Introduction: Blue spaces may benefit mental healtd promote physical activity,
although the evidence is still scarce. And benefitphysical health are less consistent.
The objective of this randomized crossover study W@ assess psychological and
cardiovascular responses to blue spaces’ exposure.

Methods: A sample of 59 healthy adult office woekevas randomly assigned to a
different environment (i.e. blue space, urban spaoe control site) on 4 days each
week, for 3 weeks. For 20 minutes per day, thdyeeivalked along a blue or an urban
space or rested at a control site. Before, durimdjaa after the exposure, we measured
self-reported well-being and mood, blood pressame, heart rate variability parameters.
For well-being, we also assessed the duration edettpotential effects over time (at
least 4 hours after exposure).

Results: We found significantly improved well-beiagd mood responses immediately
after walking in the blue space compared with wajkin the urban space or when
resting in the control site. Cardiovascular respsnshowed increased activity of the
sympathetic nervous system, both during and aftdking along the blue and urban
spaces. However, cardiovascular responses measiired the walks, showed no
statistically significant differences between tihaeband the urban space environments.
Conclusions: Short walks in blue spaces can bermfih well-being and mood.
However, we did not observe a positive effect ofieblspaces for any of the

cardiovascular outcomes assessed in this study.

Keywords: blue spaces; well-being; mood; cardiovascular hephysical activity.
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Highlights

= A randomised crossover study was done to evalua#dth effects of blue
spaces.

« We assessed repeated acute exposure to blue spacespban spaces and a
control.

* We found a positive effect for well-being/mood, budt for cardiovascular
outcomes.

« Health effects of blue spaces on cardiovasculacomaés should be further

explored.



1. Introduction

Blue spaces are considered “outdoor environmergisher natural or manmade — that
prominently feature water and are accessible toamsi(Grellier et al., 2017). A recent
systematic review based on 35 studies reportethatspace exposure benefits mental
health and well-being and improves physical agtivé@vels, while the evidence for
benefits on general health, obesity, cardiovascalal related outcomes was less
consistent (Gascon et al., 2017). More recent stutiave added to this evidence
showing self-reported general and mental healthr@&aet al., 2019a; Hooyberg et al.,
2020), physical activity, social interaction, areyghological benefits of blue spaces (de
Bell et al., 2017), and the association betweere ldpaces exposure and health
outcomes on older adults (Garrett et al., 20190j}. d8ll, there are few studies on blue
spaces health benefits and the methodological dggeeity across them warrants
further studies on this topic (Gascon et al., 2017)

Besides the physical environment, physical activgyalso a key determinant of
human’s health (World Health Organization, 2018a).physically active lifestyle
contributes to the prevention of non-communicabkeases such as stroke, diabetes,
hypertension, overweight and obesity (World Heallganization, 2018a). It also
improves mental health, quality of life and welitige (World Health Organization,
2018b). Walking is a cost-effective form of physiaativity, which might appeal to a
significant part of the population (Brown et alQ12; Marselle et al., 2013; National
Institute for Health and Clinical Excellence, 203¥prld Health Organization, 2014).
Moreover, some studies have suggested that conduptiysical activity in natural
environments brings additional benefits for mehedlth and well-being (e.g. improves
restoration, decreases anger, depression and neretm) compared with conducting
physical activity indoors (Bowler et al., 2010; laamh et al., 2019; Mitchell, 2013;
Thompson Coon et al., 2011) or non-natural spaBesvler et al., 2010; Mitchell,
2013). However, the evidence is still not conclagiahart et al., 2019; Mitchell, 2013;
Thompson Coon et al., 2011).

The aim of this study was to assess psychologitdlcardiovascular responses of the
exposure to blue spaces, compared to urban spawgsyith a control site. Thus, the
objectives were: (i) to evaluate changes in weiipeand mood responses, blood
pressure (BP), and heart rate variability (HRVea0 minute walks in a blue space
compared with 20 minute walks in an urban spacevatidresting at a control site; and,



(ii) to assess whether well-being/mood effects veurgtained for (at least) 4 hours after

the exposure.

2. Methods
2.1. Study design and participants

We applied a randomized crossover design, withigiaaints serving as their own
controls. Participants (n=59) were office worketrsh@ Barcelona Biomedical Research
Park (PRBB), a research hub at the seafront ofdd@ma (Catalonia, Spain). The study
was advertised to all members of the PRBB via #armal newsletter sent by email, and
posters placed on different parts of the PRBB lngd

Inclusion criteria were: working at the PRBB builgj available during the whole study
period; aged between 18 and 65 years old; non-sreioket pregnant; not suffering any
chronic diseases including high BP (i.e., systBRe> 139 mmHg and diastolic BP > 89
mmHg) (Pickering et al., 2005), pulmonary diseasgscardiovascular diseases; not
taking medication for hypertension, depression,ietgix medication for sleep, or any
other medication related with any of the chrongedises listed above; and able to walk
for 20 minutes at a constant moderate pace. Béfi@ieenrolment in the study (Time 0
— TO0), participants attended an informative meetiagreceive all the information
regarding the aim and the procedure of the stuiyied an informed consent, and
answered the background questionnaire (Figureigjy Participants were included in
the study sample, but one dropped out in the Westk due to personal reasons. Thus,

59 participants were finally included.

For study organization reasons and to avoid extremg@eratures on summer or winter,
the study was conducted in two different study qusi(spring and autumn) of 3 non-
necessarily consecutive weeks eacl' (eriod: April — May 2017; ¥ period:
September — October 2017), with 29 and 30 partitgpan each study period
respectively. Also, participants were distributetbitwo turns, the first starting at 10
am and the second at 11.30 am. The study was deldeain the same weeks for all the
participants, with some exceptions when participardcasionally could not attend on
the scheduled week. In this case, they were restdrdor another week. Weather
conditions were similar for both study period§ (feriod: average temperature=17.0°C;
and average relative humidity (RH)=75.298¢ period: average temperature=16.8°C;
and average RH=66.5%).



During the study period, every day from Monday taiisday participants came to the
study room, either at 10 am®(furn) or 11.30 am (2n turn), where they were askesit
and wait for further instructions from the researsh Measurements and questionnaires
were conducted in the study room at Time 1 (T1lpkeekexposure) and Time 3 (T3:
immediately after exposure). The time spent indtierent environments corresponds
to Time 2 (T2) (Figure 1). For the short-term fellop (Time 4 - T4) we designed an
online questionnaire that participants answeredutsafter the exposure (Figure 1). To
standardise the effects on health responses, ddingl2 and T3, and for all the
exposure environments, participants were askeeftain from talking to each other,
using their phone or headphones, reading, eatingrimking anything but water.
Moreover, participants were asked to abstain fromnsaming alcohol at least 12 hours
before the measurements (T1), caffeine or fooagadt!1l hour before (T1) (Gidlow et
al., 2016; Grazuleviciene et al., 2016), and psawgi vigorous physical activity (e.g.
running, walking, swimming or cycling fast, compe® sports, etc.) during the
morning before T1. No eating, drinking or physieativity restrictions were defined
from T3 to T4. Upon completion of the study, papants were paid 150 euros. The
study was approved by the Clinical Research EtBiocemittee of the Parc de Salut
MAR.

2.2. Exposure environments

For each study week, each participant was randassigned to a different environment
for the whole week (i.e. blue, urban, or controéksiBefore the start of the study, we
assigned a number to each participant and we raydassigned an exposure to each
number for each study week. Thus, all participamtse exposed to all environments
upon completion of the study. Participants did kiadw which environment they would

be exposed to until the first day of each studykvee

We designed a route for both urban and blue enwisns (Figures 2 and 3). The route
on the blue space environment was along the sdatooa breakwater on the beach
(Figure 2). The route on the urban space environmvas along the sidewalks of nearby
PRBB streets (Figure 3). The presence of treeshar green or blue elements along the
urban route were avoided as much as possible wesigrdng the route. The starting

point of both routes was at the PRBB building, #meir length was approximately the

same (1.6 km). The control site was in a room @aiRRBB (Figure S1 — Supplementary



Material). Details of each environment are desctilbe Table S1 (Supplementary
Material). We instructed participants to either kvah their own (i.e., individually) for
20 minutes along the blue or urban route, or to f@s20 minutes at the control site

(Figure S1 — Supplementary Material).
2.3. Health measures
2.3.1. Wéll-being and mood

Every day, participants completed a set of questiors to assess their well-being and
mood before (T1) and after (T3 and T4) the expadeagticipants’ well-being was also
assessed one month upon the completion of the §fuahe 5 — T5) (Figure 1). All the
questionnaires were completed individually in thedg room using tablets, except
questionnaires at T4 and T5, which were completdth® at home or at the office.
Each of these questionnaires included a set oftignestargeting specific outcomes
(Table 1). The wording of the questions was man&aito retain its purpose. Some of

the questions were repeated across the questiesr{&igure 1).

Subjective well-being (SWB3WB was assessed using two items from a questi@nai
developed by the UK’s Office of National Statist{@¥hite et al., 2017). We asked the
participants “Overall how happy did you feel yedtgr?” and “Overall how anxious did
you feel yesterday?”. Responses ranged from 0 &tlall” to 10 “Completely”. Given
large skews in the distribution of these varialded based on the median (median for

happiness=7; median for anxiety=4), we dichotomitbede variables.

WHO-5 Well-beingWe employed a set of questions adapted from theOVBHwvell-
being index (Topp et al., 2015). In our study, wle@ed the questions in order to refer
to the participant’'s affective states during thendi they were exposed to each
environment. Under the statement “During the timat tl have been exposed to the
[blue/urban route or to the control environmengéyticipants were asked to answer the
following questions: “I have felt cheerful and ioagl spirits”; “I have felt calm and
relaxed”; “I have felt active and vigorous”; “I wekup feeling fresh and rested”; and
“My daily life has been filled with things that erest me”. Responses included the
following options: 0 “At no time”; 1 “Some of thane”; 2 “Less than half the time”; 3
“More than half the time”; 4 “Most of the time”; drb “All of the time”. As well as



item-specific scores, we created summary scoregmarirom 0 (worst quality of life)
to 100 (best quality of life) (Topp et al., 2015).

Total Mood Disturbance (TMD)Me employed the Spanish short version of the Ierofi
of Mood States (POMS) (Balaguer et al., 1993; Feerdt al., 1995) to assess total
mood disturbance (i.e. psychological distress)intiuded 29 adjectives, describing
different moods, which were classified into 5 swbss: tension/anxiety (TA),
depression (D), anger/hostility (AH), fatigue (Bhd vigour (V) (Fuentes et al., 1995).
Responses were rated on a five-point scale rarfgomg “Not at all” to “Very much”.
The total score for TMD was calculated using thibowaing formula: [(TA) + (D) +
(AH) + (F) — (V)], indicating the lower the scorthe better the mood state. POMS is a
well-established measure for which reliability amwdlidity has been previously
documented (Fuentes et al., 1995; Song et al.,)2019

SomatisationThe lack of somatisation was assessed every afierduring the study
period. We used an adaptation of the four-dimeradisymptom questionnaire (4DSQ)
(Terluin et al., 2006), previously used in otherdsts, e.g. (Triguero-Mas et al., 2017a).
We asked participants whether at the moment they waswering the questionnaire
they were feeling: “dizziness”; “back/shouldersrgai‘headache”; “painful muscles”;
“pain in the chest”; “nausea’; “pain in the abdonm@rstomach area”; “ache in the back
of the head”; or “fatigue”. Responses ranged frofBdverely” to 5 “No”. We created a
sum score of all the items, ranging from 9 to 45ghdr scores indicate lower

somatisation symptoms.

Vitality and mental healthWe used an adapted version of the SF-36 HealtheSur
Manual (Ware et al., 1993) to assess vitality amdtiad health at follow up. For vitality,
we asked participants whether at the moment they \maswering the questionnaire
they were feeling (i) “full of pep and/or energyii) “worn out”; or (iii) “tired”. For
mental health, we asked participants whether antbment they were answering the
questionnaire they were feeling (iv) “nervous”; (vfdownhearted”; (vi)
“calmed/relaxed”; or (vii) “happy”. Possible answeaianged from 5 “No” to 1 “Very
much”. For three items (i, vi, and vii) answers #acored inversely. The final score
was based on the sum of items score for each we&igbmeasure (i.e. vitality and
mental health), and transformed to a 0-100 scaterdmg to guidelines (Ware et al.,

1993). Higher scores indicated better well-beintgomes.



Sleep characteristicsFor assessing sleep characteristics we used af spiestions

based on the Pittsburg sleep quality index (Buysal., 1988). Under the statement
“Please describe how you slept last night” we askadgticipants the following

questions: ‘| fall asleep easily”; “I felt restleaad disturbed”; “I woke up earlier than
usual”; “I sleep well”; “Number of hours | slepti{lmm)”. Participants answered “yes”,
“no”, or “I don't know”, except for the last questi in which they specified the number
of hours and minutes they slept the previous nigbt.this last variable, answers were
dichotomised into “<7 hours” and7 hours”, considering that this is the adequatepsle
duration for healthy adults (Hirshkowitz et al., 1&). For all the variables, we excluded

observations whose answer was “l don’t know".

General health:To assess self-reported general health we usewjie gjuestion from
the SF-12 Physical and Mental Health Summary Sq&l&se et al., 1995). This was
‘How is your health in general?’, and participactuld answer 1 “Very good”, 2
“Good”, 3 “Fair”, 4 “Bad”, or 5 “Very bad”. As prawusly done in other studies
(Garrett et al., 2019b), and due to the distributed the variable, we dichotomised
answers into “Good” (for Very good, and Good) ambt good” (for Fair, Bad and
Very bad). This question was previously used irepgiudies assessing health effects of
green or blue spaces (Garrett et al., 2019b; Wheekd., 2012).

Life satisfaction:Life satisfaction was measured using one item feogtale developed
by the UK’s Office of National Statistics (White at, 2017). In this case, we asked
participants “Overall how satisfied are you witfelinowadays?”. Possible responses
ranged from O “Not at all” to 10 “Completely”.

Eudaimonic well-beingwe asked “Overall to what extent do you feel tiegt things
you do in your life are worthwhile?” to assess eombenic well-being (White et al.,

2017). Possible responses ranged from 0 “Not ‘atall0 “Completely”.
2.3.2. Blood pressure and pulserate

For this study, BP measurements [systolic BP (SBRktolic BP (DBP)] and pulse rate
(Table 1) were taken at T1 and again at T3 in thdysroom by trained technicians
using a calibrated digital BP monitor (Model M10-IDMRON Healthcare, UK)

(Figure 1). Before each reading, participants satrdwith feet flat on the floor, relaxed

and quiet for at least 10 minutes with cuffs placadheir left arm leaning on the table.



We target 3 reliable readings at each study epigbfl@nd T3), with pauses of at least

2 minutes in between. We used the mean of thedngs for each study episode.
2.3.3. Heart Rate Variability

In this study, HRV (Table 1) was continuously meadufrom T1 to T3 including the
exposure time, T2, using the wireless chest-bassatable device Zephyr BioHarness
(Zephyr Technology Corporation, Annapolis, MD, U®)edtronic, 2019). Raw data
were obtained using the BioHarness Log Downloadg@09078.V1c (1.0.29.0),
processed and cleaned using the R package RHR\¢iéGsliartinez et al., 2017). We
assessed the presence of ectopic beats, and (gothatically and manually) removed
artefacts using algorithms provided by the R paekB#iRV (Garcia Martinez et al.,
2017; Rodriguez-Lifares et al.,, 2011). Using thakgorithms, we rejected values
exceeding the cumulative mean threshold, and disset which were not within
acceptable physiological values (Rodriguez-Lifiaaeal., 2011). After estimating the
interpolated heart rate signal, we conducted bfuency-domain, and time-domain

analysis for each study episode (T1, T2, and T3)nating a mean value for each.

For the frequency-domain analysis (using the Fourensformation) we used a time
length of 5 minutes (300 seconds), which refera tshort-term length (Massaro and
Pecchia, 2019). We obtained heart rate (HR), higlguency (HF; 0.15-0.40 Hz)
power, low frequency (LF; 0.05-0.15 Hz) power amel tatio of LF to HF (LF/HF). For
the time-domain analysis we used the standard tieviaf NN intervals (SDNN), and

the root mean square of successive NN intervadidiffces (RMSSD).
2.4. Other measurements

Apart from the indicators mentioned above, we messother health indicators which
were assessed as potential covariables in therefitfenodels employed in this study.
Participants’ body mass index (BMI) was assessdd a&nd again upon the completion
of the study, and the mean value between both mmasmts was calculated. Also, we
continuously and quantitatively measured particigaphysical activity and sleep
quality using ActiGraph GT3X+, a portable deviceigthsubjects wore on their non-
dominant wrist for 7 consecutive days each weegtwdy participation (starting 3 days
prior the start of the study and finishing the gayticipants completed the whole study
week). We used ActiLife software version 6.11.9 &wralysing this data (ActiGraph,



2019). We obtained average vector magnitude (VM) sieps to assess (i) weekly
records of physical activity, and (ii) physicaligity during the time of exposure (using
10-seconds time-window). Sleep quality was assesgsed) the variables “Total Sleep
Time” (total time scored as “asleep”) and “Efficosfi (total sleep time divided by total

time in bed, in %).

Also, at T3 and T4, participants rated the quaditygl self-perception of the route they
had been exposed to. And at T5 we assessed pantisiphysical activity levels and
visits to natural environments 1 month upon the @rttie study (Figure 1).

2.5. Statistical analysis

Two different analysis scenarios were considered.dnalysis scenario 1, the control
resting exposure was used as reference value, ammpared this with the blue space
and the urban space exposure. For analysis scedaw® compared the blue space

exposure to the urban space exposure (used asranes).

Well-being and moodFhe association between the environments and dattie ovell-
being/mood outcomes were assessed using mixedseffegression models with
participants’ ID used as random effects. Specifycdbgistic models were used for
dichotomous outcomes, reporting odds ratio (ORY, Boisson models were used for
count outcomes, reporting incidence-rate ratioRjlR both cases, 95% Confidence
Intervals (Cl) were reported. The effect of diffiereovariates (listed and described in
Table S2 — Supplementary Material) in the models masessed, and we finally
adjusted our models by age, gender, the days ofwiek, and well-being/mood
outcomes measured at T1 (when this data was alaialsee Figure 1). In order to
assess whether well-being/mood effects were infledrby participants’ health status,
we stratified the analysis by good/not good genbkeallth according to the “General
health” outcome assessed at T3. Also, due to patehiferences between women and
men in the association between blue space exp@uewell-being/mood outcomes
(Bell, 2016; Pérez-Tejera et al., 2018; TriguerosMet al., 2017a), we assessed
interactions between gender and exposure in med#isoutcomes whose effects were

statistically significant.

Blood pressureFor BP, we used mixed-effects linear regressiodetfsofor continuous

variables, reporting coefficients with a 95% CI. Wsed participants’ ID as random



effects. The exposure environment and BP reading§lawere included as fixed

effects. These models were adjusted by age, geBiHr,and the days of the week. The
goodness-of-fit of the models was assessed with dbeditional and marginal

coefficients of determination @R which are concerned with the variance of thedix

effects, and the fixed effects plus the random ctfferespectively (Nakagawa and
Schielzeth, 2013).

Heart Rate Variability:These outcomes were measured during T1, T2 an(bilg
domain evaluated during T2). We fit mixed-effecisetr regression models with
random intercepts for each participant, accounfiimgan interaction between exposure
environment (i.e., control, blue and urban) andlstepisodes (i.e., T1, T2, and T3) as
fixed-effects. As for BP models, the goodness-bisas assessed with the conditional
and marginal R (Nakagawa and Schielzeth, 2013). Models were &etjuby age,
gender, BMI, and the days of the week. To normateeresiduals distribution, HRV

parameters were natural log-transformed (GoldbeagdrStein, 2019).

Since we acknowledge the relevance of physicaliacton BP and HRV results, we
conducted sensitivity analysis adjusting BP and HRWdels by physical activity
guantitatively measured both, weekly and at T2.e@ithe high correlation between
VM and steps (corr.=0.7 for weekly measurementsd aorr.=0.8 for T2

measurements), we adjusted our models only by VM.

The statistical analysis was conducted using STAEfsion 14, and RStudio version

3.5.3. For all the analysis a p-vatg@.05 was considered statistically significant.
3. Results

Fifty-nine healthy adult participants completed tBwveek long study. Participants’
characteristics are described in Table 2. Pariitgpaated the blue route significantly
better than the urban route, highlighting its bedqteality, the safety, the lack of garbage
and vandalism, and reporting to feel more satistideén walking along it (Table S3 —
Supplementary Material). Perceived air pollutionswhe main cause of discomfort
along the urban route, followed by noise (85% abébo7of the participants rated it
badly, respectively), while all ratings of discomifevere lower along the blue route
(Table S3 — Supplementary Material).

3.1. Well-being and mood effects



The analysis of well-being/mood outcomes (descriliedTable 3) showed some
differences among the different environments, ssygg better mood and well-being
scores when participants were exposed to the blweomment, compared with the
urban and control environments (Table 4). The matatstically significant associations
were observed for “WHO-5 well-being” and TMD, shogi consistency between
analysis scenarios 1 and 2 (Table 4). Statisticsilijyificant associations were also
observed for “Vitality” and “Mental health”, althgh in this case IRR were very close
to 1 (Table 4). The only exception was for “slegpadion”, which was suggested to be
statistically significant higher — and closer te tidequate time sleep for healthy adults
— for the urban exposure, compared with the comitel Adjusted models did not differ
from the crude models (data not shown).

Subjective well-being (SWBFor SWB we did not observe statistically significan

associations (Table 4).

WHO-5 Well-beingfFor both analysis scenarios, IRR for “Total Wediflg Score” was
increased when participants were exposed to blue@osment (Table 4), suggesting
participants’ better subjective well-being whenytheere exposed to this environment
[for the blue environment, IRR=1.32 (1.25, 1.38) dRR=1.34 (1.27, 1.40) in analysis
scenario 1 and 2, respectively] compared with tbetrol and urban environments
(Table 4).

Total Mood Disturbance (TMD)Eor both analysis scenarios, IRR for negative TMD
sub-scales (TA, D, AH, and F) were significantlyvkr after walking along the blue
route compared with the control and the urban enwrents [e.g. for the blue
environment, IRR=0.36 (95% CI; 0.28, 0.47) for AiHanalysis scenario 2]; while IRR
for V (i.e. positive TMD sub-scale) was significgnhigher [e.g. IRR=1.61 (95% CI;
1.50, 1.73) for V in the blue environment in analyscenario 1] (Table 4). We also
observed a statistically significant higher IRR #iH after walking along the urban
route compared with the control [IRR=1.32 (95% C09, 1.60)] (analysis scenario 1)
(Table 4). We found a decreased IRR for the totakes of TMD for both analysis
scenarios, suggesting lower TMD when participargsawexposed to the blue and urban
environments compared with the control, and whesy tlvere exposed to the blue

environment compared with the urban environmenbi@ ).



Somatisation:We did not observe statistically significant asations (Table 4) for

somatisation.

Vitality and mental health®Vitality” and “mental health” measured at the bland
urban environments showed a statistically signifiaacreased IRR (95% CI) for both
analysis scenarios, although estimates were vasedo 1 [e.g. IRR=1.07 (95% CI,
1.04, 1.09) for “Vitality” in the blue environmeirt analysis scenario 2] (Table 4).

“Somatisation”, “vitality” and “mental health” wereneasured at T4. These results
suggest no consistency of the persistence overdintiee well-being effects associated

with blue spaces’ exposure.

Sleep characteristic3Ne observed a lower OR for sleeping less thawutdiday (vs.
sleeping at least 7 hours/day) when participant®w&posed to the urban environment
compared with the control, although no statisticalgnificant associations were found

for any of the other variables describing sleepattaristics (Table 4).

General health, life satisfaction, and eudaimoniellveing: We did not observe

statistically significant associations for any leé$e outcomes (Table 4).

For the outcomes that showed statistically sigaiftcassociations (i.e. “WHO-5 well-
being”, TMD and “Vitality” and “mental health”), wetratified the models by “General
health” (assessed within a questionnaire at T3).“®HO-5 well-being”, “Vitality”
and “mental health” we observed better scores amoag-healthy participants
compared with healthy participants (Table S4 — $&mpntary Material). This was not
observed for TMD (Table S4 — Supplementary Matgrillo statistically significant
interactions were observed between gender andxipesere environments for TMD,
neither for “Vitality” and “Mental health” (data hneshown). For “WHO-5 well-being”,
we observed a statistically significant interactioetween gender and the exposure
environment, for “Total Well-being score” in andl/scenario 1 (p-value=0.02) (data
not shown). In this case, the effect of blue spacgmsure appeared to be stronger for

women than for men (Table S5 — Supplementary Majeri

3.2. Blood pressure and pulserate



The descriptive analysis of BP and pulse rate, wéhlwise comparisons between T1
and T3 with Bonferroni corrections, showed onltistecally significant differences of
SBP and pulse rate in the control site (Table Stipplementary Material).

In the same line, we found statistically signifitamcreased SBP and pulse rate in the
blue and urban environments compared with the obsite (analysis scenario 1) [e.g.
SBP for subjects exposed to blue environment: caefl6 (95% CI: 0.26, 2.06)] (Table
5). However, no statistically significant asso@as were observed in analysis scenario
2 (Table 5). Results for the adjusted models dit ciffer from those of the crude

models (Table S7 — Supplementary Material).

Results from the sensitivity analysis, with modatusted by physical activity levels,
showed no statistically significant associationsS&8P, DBP, and neither pulse rate for

any of the two different analysis scenarios (T&8e- Supplementary Material).

Physical activity levels, quantitatively assesseith wM, showed no statistically
significant differences between exposure envirortdiable S9 — Supplementary
Material).

3.3. Heart Rate Variability

The descriptive analysis of HRV variables, withrpgse comparisons with Bonferroni
corrections, can be found at the Supplementary hiét€rable S10 — Supplementary
Material). The description of logarithmic HRV vailas, by exposure environment and

study period, are also graphically representedufeid).

We found statistically significant interaction be®wn exposure environments and study
period in analysis scenario 1, and in analysis&gder2, in this case only for LF and HF
(Table S11 — Supplementary Material). In the analgg association (Table 6), we
found statistically significant increased HR and/HF; and statistically significant
decreased LF, HF, SDNN, and RMSSD when participaete exposed to the blue and
urban environments, compared with the control (gsl scenario 1). This is an
indicator of a stimulation of the sympathetic nersosystem (SNS), related with
increased activity levels (European Society of @dody, 1996; Garcia Martinez et al.,
2017; Laeremans et al., 2018; Shaffer and Ginsk#9d7; Song et al., 2019, 2015;
Stigsdotter et al., 2017; Valenza et al., 2018). &#® observed increased LF/HF, and
decreased LF, HF, SDNN, and RMSSD, when we compastidhates of the blue



exposure with those in the urban exposure (anasgsinario 2), although in this case it
was only statistically significant at T2 (duringpmsure) and the association was weaker
than in analysis scenario 1 (Table 6). No staafiicsignificant associations were
observed in analysis scenario 2 at T3 (after exgdswhen all the values were very
close to zero (Table 6). Thus, suggesting no aiffees on HRV parameters, between
the urban and the blue environments at T3. Crude@efacshowed very similar results
(Table S12 — Supplementary Material).

In the sensitivity analysis (Table S13 — SupplermagnMaterial), when the model was
adjusted by VM at T2, we found a weaker effect led £xposure environments and
study period on HRV parameters in analysis scerfaridowever, the direction of the
association was consistent with the main model I€Téh In analysis scenario 2 (Table
S13 - Supplementary Material), the sensitivity gsial showed no differences with the
main model. Finally, when the model was adjustedvegkly VM (as a proxy of the
baseline physical activity levels of the study pagian), the estimates of the sensitivity
analysis (Table S13 — Supplementary Material) ditl differ from those of the main
model (Table 6).

The goodness-of-fit of mixed-effects linear regr@ssnodels employed in this study to
evaluate the association between exposure envinoisraed BP and HRV was assessed
with R? (Tables 4-5) and scatter plots (data not showmngs& showed homoscedasticity
and a normal distribution of the residuals. Herloeth the R and the scatter plots,

suggested an adequate goodness-of-fit of the medgttoyed in this study.
4. Discussion
4.1. Main findings

In this study we observed better well-being and dnmesponses shortly after walking
20 minutes in a blue space versus walking in amamuidpace (analysis scenario 2) or
resting in a control site (analysis scenario 1)véttheless, there was no evidence that
BP and pulse rate decreased in the blue spacewepasmpared with the urban space
(analysis scenario 2) or the control site (analysgisnario 1). Also, cardiovascular
responses showed unexpected findings by suggestingcreased activity of the SNS
not only during the time participants walked inheit the blue or the urban space

compared with resting in the control site, but after that (analysis scenario 1), when



we would expect an increased dominance of the pawaathetic nervous system (PNS)
(Goldberger and Stein, 2019). Similar effects ondicaascular outcomes were
observed during the time participants walked inlthee space, compared to the urban
space (analysis scenario 2), although the assoeiatas weaker in this case. Results of
analysis scenario 1 highlight the importance of erate physical activity on

cardiovascular health, regardless of the envirorinmewhich it is being practised.

Psychological responses seemed to be not onlyeimdled by physical activity, but also
by the type of environment, being better when pgréints were exposed to blue space.
Furthermore, our results suggest better psychabgiesponses among participants
reporting bad general health status, and — for sonteomes — also among women.
Positive effects on mental health have already breported by other experimental
studies whose participants were exposed to — eitaerral or artificial — nature views
while being sedentary (Bielinis et al., 2018; Grlsh et al., 2015; Mangonea et al.,
2017). Well-being benefits as a consequence ofghieitontact with nature have been
broadly described (Bratman et al., 2019; Frumkialet2017) and might be explained
by the biophilia hypothesis (Wilson, 1984), suggeshuman’s affinity to nature and
its positive well-being consequences when thicmplished (Nieuwenhuijsen et al.,
2017; Yeager et al., 2019).

Physical activity is related with an activationtbé SNS activity, and a deactivation of
the PNS activity (Goldberger and Stein, 2019). Titsation is characterized by an
increase of HR and LF/HF, and a decrease of HF ldndhighly correlated with
RMSSD and SDNN, respectively) (Castaldo et al.,522@arcia Martinez et al., 2017;
Shaffer and Ginsberg, 2017). This expected sitoadiaring physical activity periods is
observed for HRV parameters at T2. However, evaugh our results suggest a
potential reactivation of the PNS [responsiblerfzovering the normal cardiovascular
situation (Garcia Martinez et al., 2017; Massab Recchia, 2019)] at T3, the estimates
still do not indicate the complete rebalance of S and SNS activities. We
hypothesized that participants would be more relaafeer walking in a blue space than
in an urban space, as suggested by other simititygned studies (e.g., Lee et al.,
2011; Song et al., 2019; Triguero-Mas et al., 201FAowever, this was not observed in
our study. On the same line, BP and pulse rate wamposed to increase due to
physical activity and decrease on the recovery,($Bpwing better results for the blue

space than for urban space. In this study, BP anseprate were higher after the



exposure (T3), being statistically significant #BBP and pulse rate in analysis scenario
1 (Table 5). We did not find a decreased BP orepudge after the exposure in the blue
space, neither in the urban space.

4.2. Strengths and limitations

In our study we did not observe positive cardioutaceffects of being exposed to a
blue space, as other similarly designed studiel gieen spaces’ exposure suggested
(Lee et al., 2011; Song et al., 2019, 2015, 200432 Triguero-Mas et al., 2017b). We
acknowledge some study limitations that might eixptaur results. The post-exposure
assessment was shortly after the exposure, whadbded moderate physical activity
when participants were exposed to the blue andnudbaironment. Physical activity,
which requires energy expenditure, increases th8 &Mivity and decreases the PNS
activity (Castaldo et al., 2015; Garcia Martinezakt 2017; Goldberger and Stein,
2019). Subsequently, the SNS and PNS activity woeibdlance and an increased PNS
activity would suggest better health and a grestate of relaxation. However, post-
exposure parameters of this study might be assdeseclose to the exposure period,
not having enough time to recover the PNS and Sbivitees from the physical
activity stimulus. A longer time period between tleposure and the post-exposure
assessment, such as 20 minutes (instead of 10 ewirag in our study), might be
required to observe cardiovascular effects produmgdhe exposure (urban or blue
space environment) and not by physical activityr(@ote et al., 2017; Triguero-Mas et
al., 2017b). Also, in our study we evaluated aceffects of short walks along blue
spaces. A continuous long-lasting exposure to Blgces, being or not moderately
active, might result in positive effects on cardisgular health that cannot be identified
with our study design because blue spaces’ exposwag lead to longer lasting
cardiovascular effects than exposure to urban sp&ased on previous literature, we
defined an exposure duration of 20 minutes in orterfacilitate participants’
engagement in the study, given that the study vesslwcted during working hours.
Even though other similar studies observed poshieath effects even after 15 minutes
walks on green spaces (Bielinis et al., 2018; Senal., 2019, 2015, 2013), we
acknowledge that our results might be underestonatiand that we might have
observed greater health benefits with a longer s period. The exposure time-
length and the intensity and type of physical aiticonducted by the participants —
who reported to be very active (see Table 2) — tighinsufficient to promote changes



in healthy adults’ baseline BP or HRV with normahges. Besides this, outcomes
selected to assess changes on cardiovascular bealtben environments, might not be
sensitive enough for this purpose. Apart from thnat, acknowledge that the observed
health estimates might have been different if weessed participants’ exposure to blue
or urban spaces while sitting or standing instekdialking, as similarly done before
(e.g., Bielinis et al., 2018; Lee et al., 2011)ushit would be interesting to replicate the
study with the mentioned modification. Beyond phgsiactivity, it is also well-known
that air pollution might have an effect on cardiemaar health (Nieuwenhuijsen, 2018).
In our analysis we did not find evidence for adpgtour BP and HRV models by air
pollution, thus air pollution was not included as@variable. However, air pollution
measurements available for this study corresporiddse measured in a station next to
PRBB. Air pollution measurements specifically measduin the urban and in the blue
route might better represent air pollution leveiseiach exposure environments but
could not be used because this data was not alailapart from that, in the current
study we used a study sample whose characteristight have underestimated the
expected health effects. As shown in Table 2, 88% @ participants reported to have
views to blue spaces from their workplace. Thisassurprise given that the PRBB is in
front of the sea. We hypothesize that greater tffen well-being and mood would be
observed among participants who are not usuallyoseqb to blue spaces. Also,
participants of this study were healthy adults, gitally active and highly educated,
threatening the generalization of the study res@#sdiovascular effects of short walks
on blue spaces might be observed using a simildystesign with hypertensive, obese,
and/or older participants. Finally, given that digs were repeated every day
(sometimes even twice a day: i.e., at T1 and T8)fdar days, we cannot discard a
fatigue effect on participants. However, the repdajuestionnaires to assess the well-
being and mood of the participants were designdaktshort, with an average answer
time of 5 minutes approximately, in order to redtice burden for the participants as

much as possible.

Strengths of this study include the randomizedsmser design, that well-being/mood
and BP models were adjusted by baseline measuxespfefor some mood and well-
being outcomes that were not measured at baseltha), we accounted for an
interaction between exposure environment and sgypdgodes in the HRV models, and
that the blue environment could be compared not with urban environment, but also



with a control site. Thus, each participant serasdheir own control, reducing the risk
of bias. Also, we used different (and most of theamtidated) questions to identify a
wide range of changes on well-being and mood, mdy docusing on a specific
outcome. Furthermore, our results are consistettt thiose found in other similarly
designed studies, reporting better well-being amdhtad health outcomes after walking
along natural environments (Bielinis et al., 20B8atman et al., 2015; Brown et al.,
2014; Gidlow et al., 2016; Koselka et al., 2019n&et al., 2019; Triguero-Mas et al.,
2017a). However, most of these other studies comdparban versus green spaces,
while we evaluated exposure to blue spaces, ratehe before (for exceptions see
Gidlow et al., 2016; Triguero-Mas et al., 2017apafly, this is, to our knowledge, one
of the very few studies evaluating the effectslaklspaces exposure on people’s health
that uses repeated acute exposures instead ofe saxglosures (for exceptions see
Brown et al., 2014; Koselka et al., 2019), and aurexpected findings on
cardiovascular responses are consistent with anathedy using repeated acute
exposures (Brown et al., 2014).

4.3. Futureresearch

Despite our null results for cardiovascular effeatdlue spaces exposure, it is key to
keep considering this outcome in further studie®githat cardiovascular diseases are
still a leading cause of mortality worldwide (Nieemhuijsen, 2018) and because
previous research has found favorable changes W iH8icators in blue environments
(Triguero-Mas et al., 2017b). Nature’s contact Kémneour physiological and
psychological health (WHO Regional Office for Eueg2016) and this is even more
relevant in the urbanization context we are livimpwadays (Bratman et al., 2019).
People’s nature affinity has also been observethis study: most of the participants
positively rated the experience of walking along@ thlue space, and we observed
positive effects for well-being and mood.

The evaluation of health benefits associated te Blace’s exposure has gained more
attention recently. However, there are still soomewdedge gaps that require more
research (Gascon et al.,, 2017). For example, palgntdiffering health effects
depending on the type of blue space people aresexipm. While we observed positive
well-being and mood effects on participants wheaythvere exposed to the blue
environment, in our case an urban beach, it iscleatr whether these effects would be



magnified or reduced if the blue space had beevea, i lake, or a fountain instead of
an urban beach. The wildness and other charaatsr{stich as type, quality or context)
of the selected site could influence the magnitoidéne health effects observed in this
study (Cheesbrough et al., 2019; Wheeler et alL520

5. Conclusions

Compared to walking along an urban space envirohnsfiort walks in a blue space
environment (urban beach) can benefit both weldpeind mood. However, we did not

observe differences regarding cardiovascular ouésom
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Figure 1. Flowchart of the study procedure.

Time period | Participants recruitment ’—{ Screening questionnaire

TO *» Background questionnaire?
* BMI

I'1: pre-ex; (I°" turn: 10 am approx.;
2 tyrn: 11.30 am approx.)

* Well-being/mood assessment (PRE-exposure questionnaire)
* SWB, TMD, Sleep characteristics, General health,

Life satisfaction, Eudaimonic well-being ?-_-’

* Blood pressure ?l
a (I°" turn: 10.20 am approx.; 8 =} -
9 I'2: qur ' 2 turn: 11.50 am approx.) - - g
2 7|2 %
> EXPOSURE IR -
S ‘ Blue / Urban / Control 5 = 3
a = |2 || g
= 5|2
) =T======srsssrrssrerrrrsrersessressrsssessssresesees = - )
'3 vost ez (I¢ turn: 10.40 am until 11 am approx.; | 2 o )
o 2 furn: 12.10 pm until 12.30 pm £ §
approx.) < 2
* Well-being/mood assessment (POST-exposure questionnaire) s ?.__.
* SWB, WHO-5 Well-being, TMD, General health, Life <

satisfaction, Eudaimonic well-being
* Route quality evaluation (POST-exposure questionnaire)
* Blood pressure

(At 4pm approx.)

» Well-being/mood assessment (Shorz-Term Follow-up questionnaire)
* Somatisation, Vitality and Mental health
* Route quality evaluation (S%ort-Term Follow-up questionnaire)

I'S (1 month later)

» Well-being/mood assessment (Long-Term Follow-up questionnaire)
* SWB, Sleep characteristics, General health, Life satisfaction,
Eudaimonic well-being
* Adherence to physical activity and to blue spaces’ exposure (Long-Term
Follow-up questionnaire)

®Background questionnaire includes questions abarticipants’ socioeconomic characteristics,
natural spaces’ exposure and use, and physicaitgcti

®This study was carried out for 3 non-necessarilyjsecutive weeks, with participants’
involvement in the study 4 days/week (Monday torEday). The study procedure, from T1 to
T4, was the same every day. Participants werdllistd into 2 turns and every day participants
took part in the study during the time slot of theirn: the 1st turn was from 10 am to 11 am,
and the ¥ turn was from 11.30 am to 12.30 am. The short-tffow-up questionnaire was
sent to participants every day of the study peaibd pm approximately, thus at least 3.5h after
study participation.

‘Time period refers to the moment when the differentables were measured. Time=0 (T0):
baseline; Time=1 (T1): pre-exposure; Time=2 (T2yrimg exposure; Time=3 (T3): post-
exposure; Time=4 (T4): short-term follow-up; Timeg%): long-term follow-up.



Figure 2. Blue routei(a) Route followed by the participants when they waredomly
assigned to the blue space exposure (Google MBpshage of a section of the blue
route, at the breakwater in the beaEbfigé del Gas Photo taken by: Cristina Vert,

October 2019.
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Figure 3. Urban route(a) Route followed by the participants when they werrgdomly
assigned to the urban space exposure (Google Miapkshage of a section of the urban
route, on the sidewalk next to the road. Photortdike Cristina Vert, October 2016.
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Figure 4. Mean logarithmic HRV variables*, by exposure enmimeent and study
period (i.e., T1, T2, T3).
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*HRV variables: heart rate (HR), low frequency poweF), high frequency power
(HF), and the ratio of LF to HF (LF/HF); and (iiine domain measurements: standard
deviation of NN interval (SDNN), and the root mesquare of successive NN interval
differences (RMSSD).



Table 1. Description of the aim to assess each of the bi@saconsidered in the health
measures evaluated in the study.

Health
measur es

Variables

What we aim to assess (and time period
of assessment)

Well-being
and mood

SWB

Overall well-being perception of th
participants (T1, T3, T5)

e

WHO-5 well-being

Participant’'s affective states during t
time they were exposed to
environment (T3)

he

each

TMD

Psychological distress based on the ra
of different (positive and negative
adjective representing different moods (]
T3)

[ing
2)
1,

Somatisation

Lack of somatisation symptoms, asses
at follow-up (T4)

sed

Vitality and mental
health

Overall well-being assessed at follow-
(T4)

Sleep characteristics

Sleep quality, which might influence we
being and mood (T1, T5)

General health

Reflects the own health status perceived
the participants and it is highly associa
with  more complex and objectiv
dimensions of physical and psychologi
health (T1, T3, T5)

by
ted
e
cal

Life satisfaction

Evaluative wellbeing to identify how we
participants think their life is going overa
(T1, T3, T5)

|
all

Eudaimonic well-being

Participant’'s  self-perceptiorof  the
meaningfulness and worthwhile of th¢
behaviours and activities (T1, T3, T5)

D
=

L

BP

SBP
DBP
Pulse rate

High blood pressure (assessed with S
and DBP) is a risk factor fg
cardiovascular diseases. Also, both blg
pressure and pulse rate (and HR,

below), are indicators of the state of {
participants in terms of nervousness
physiological relaxation. Reduced blo
pressure and pulse rate is considere
positive health indicator when it implies
reversion of elevated rates to healthy ley
(T1, T3)

BP

nod
see

els

HRV

HR
HF

HRV reflects
autonomous

of th
wh

balance
system,

the
nervous

ch




LF includes SNS and PNS. An activation |of

LF/HF the PNS (characterised by a decreased HR
SDNN and LF/HF, and an increased HF and LF,
RMSSD highly correlated with RMSSD and

SDNN, respectively) would suggest
physiological relaxation (T1, T2, T3)

SWB: subjective well-being. TMD: Total Mood Distace. SBP: Systolic blood
pressure. DBP: Diastolic blood pressure. HR: heate. HF: high frequency power
(0.15-0.40 Hz). LF: low frequency power (0.05-0H®). LF/HF: ratio of LF to HF.
SDNN: standard deviation of NN intervals. RMSSDotronean square of successive
NN interval differences. SNS: sympathetic nervoysteam. PNS: parasympathetic
nervous system.

(Balaguer et al., 1993; Fuentes et al., 1995; @aktartinez et al., 2017; Rodriguez-
Lifares et al., 2011; Shaffer and Ginsberg, 20Efiuin et al., 2006; Topp et al., 2015;
Triguero-Mas et al., 2017b; Ware et al., 1995, 199A8ite et al., 2017)



Table 2. Participants characteristics (n=59).

Parameter Category n (%)
Gender Women 41 (69.5)
Age [mean (min; max)] 29 (19;49)
Education University degree 56 (94.9)
Perceived household income Feeling comfortable (568M®)
Marital status Married, couple or civil union 21 (35.6)
Residential access natural spaces (blue and/on)gree Yes 10 (17.0)
Views blue spaces at work Yes 52 (88.1)
Access private open space Yes 37 (62.7)
Blue space exposure during childhood Yes 49 (83.1)
Meeting physical activity WHO guidelingés Yes 53 (89.8)
BMI (kg/m?) [mean (min; max)] 22.6 (17.1; 357

%WHO guidelines recommend to the adult populatiorddoat least 150 minutes of moderate-intensity jgaysactivity, or 75 minutes of
vigorous-intensity physical activity throughout thweek, or an equivalent combination of moderated wigorous-intensity activity (World
Health Organization, 2018a). In this case, thisalde refers to the self-reported physical actieiynducted during the last 7 days (assessed with
the Background questionnaire, at TO, and considasdtie baseline measure of self-reported phyaatadity).

BMI: body mass index. SBP: Systolic blood pressDfgP: Diastolic blood pressure.

PAlthough the maximum value of BMI was 35.5 kg/mamong the whole study sample there was only amgest with BMI>30 kg/m
(corresponding to Obesity Class | according to WMZHO Regional Office for Europe, 2019)). And sixbgacts had a BMI between 25 and
29.9 kg/nf (corresponding to Pre-obesity according to WHO (WRe@gional Office for Europe, 2019)). A sensitivipnalysis excluding
subjects whose BMI>25 kg/iwas conducted, showing similar results than theperted in Table 4 (data not shown).



Table 3. Descriptive statistics of well-being and mood valés.

Exposure
Control Blue Urban | p-value
Subjective well-being (SWB) [%]
PRE Exposure (T1)
Yesterday | felt happy 61.0 52.5 59.3 0.62
Yesterday | felt anxious 23.7 27.1 27.1 0.89
POST exposure (T3)
Yesterday | felt happy 47.5 48.3 44.1 0.89
Yesterday | felt anxious 49.2 37.9 42.4 0.47
WHO-5 Well-being [%]
| have felt cheerful and in good spirits (yes) 29.0 449 26.2 <0.01*
| have felt calm and relaxed (yes) 35.9 42.7 21.4 0.0
| have felt active and vigorous (yes) 15.2 52.2 632.| <0.01*
| woke up feeling fresh and rested (yes) 31.5 37.0 315 0.63
My daily life has been filled with things that inést me (yes) 324 36.0 31.5 0.52
Total Well-being Scorg[mean (std.dev.)] 47.9 (18.3) 63.2(15.7) 47.1719 <0.01*
Total Mood Disturbance (TMD) [mean (std.dev.)]
PRE Exposure (T1)
Tension/Anxiet§ (TA) 4.4 (3.2) 4 (2.4) 4.4 (3.8) 0.56
Depressioh(D) 0.9 (2.2) 0.8 (2.2) 1(2.8) 0.73
Anger/Hostility’ (AH) 1(2.3) 0.8 (2.3) 1.4 (3.3) 0.16
Fatigué (F) 1.5(2.3) 1.4 (2.3) 1.9 (3) 0.93
Vigour® (V) 9.6 (5.4) 9.9 (5.6) 9.6 (5.2 0.94
Total score POM% 98.3(10.4) 97.3(9.6) 99.1(12.p) 0.57
POST exposure (T3)
Tension/Anxiet§ (TA) 4.4 (2.6) 3.9(2) 4.6 (3) 0.23
Depressioh(D) 1(2.2) 0.7 (2.2) 0.7 (1.9) 0.09
Anger/Hostility’ (AH) 1.1 (2.7) 0.5 (1.5) 1.4 (2.7) <0.01*
Fatigué (F) 1.9 (2.3) 1(1.6) 1.6 (2.5) <0.01*



Vigour® (V) 7 (5) 11.3 (5.7) 10 (5) <0.01*

Total score POM% 101.4 (9.7) 94.8 (8.7) 98.4 (10.1)0.01*
No somatisation index®[mean (std.dev.)] 40.4 (2.6)  40.7(25) 40.2(3.8) 0.35
Vitality and mental health (SF36) [mean (std.dev.)]

Vitality 62.9 (18.5) 67.9(18.4) 63.2(19.3)0.02*

Mental health 64.7 (19.2) 69.1(18.3) 65.6 (19.1)0.04*
Sleep characteristics’ (last night) (T1) [%]

Sleep latency (“Fall asleep easily”) 84.4 85.7 876.| 0.03

Sleep disturbance (“Restless and disturbed”) 24.1 25.6 25.4 0.93

“Wake up earlier than usual” 21.4 29.2 25.0/ 0.17

Sleep quality (“Sleep well”) 79.5 79.8 78.5| 0.94

Sleep duration (“Short time sleeping (<7h)”) 33.0 5.9 34.7 0.82
General health (good) [%0]

PRE exposure (T1) 93.22 91.53 91.53 | 0.93

POST exposure (T3) 86.44 91.38 93.22 | 0.44
Life satisfaction [mean (std.dev.)]

PRE exposure (T1) 7.4 (1.4) 7.3(1.4) 7.2(1.4) 0.56

POST exposure (T3) 7.4 (1.3) 7.3(1.4) 7.2(1.6) 0.94
Eudaimonic well-being [mean (std.dev.)]

PRE exposure (T1) 7.1(1.6) 7.2 (1.4) 7.2(16) 0.92

POST exposure (T3) 7.2 (1.4) 7.3 (1.5) 6.9 (1.7) 0.40

To assess statistically significant outcomes’ défeces between exposures, we conducted Kruskalisiadts for continuous dependent variables, anrdoplare or Fisher’s
exact tests for categorical dependent variablesu¥éd a 0.05 level of significance (with an * shagvstatistically significant results).

®Score ranging from 0 to 100, illustrating the wanstl best scenario, respectively.

®Score ranging from 0 “Not at all” to 24 “Very much”

°Score ranging from 0 “Not at all” to 20 “Very much”

YLower score indicates better mental health.



*Minimal potential score was 9 (representing thenbig somatisation index), and maximum potentialese@s 45 (representing the lowest somatisatioexind
'Score ranging from 0 (representing low vitality anental health) to 100 (representing high vitadibd mental health).
9Sleep characteristics categories have been dedic@arding to The Pittsburgh Sleep Quality Index@P$Buysse et al.. 1988).



Table 4. Association between environments of exposuresg@etrol, blue, urban) and well-being and moodalgsis scenario 1 and?2)

Exposure (analysis scenario 1)

Exposure (analysis scenario 2)

Control Blue Urban Urban Blue
ref. IRR’ (95% ClI) IRR (95% ClI) ref. IRR (95% ClI)

Subjective well-being (SWB)

Yesterday | felt happy ref. 1.20 (0.52, 2.73) 0.93 (0.41, 2.13) ref. 1(3&2, 3.06)

Yesterday | felt anxious ref. 0.55 (0.23, 1.29) 0.67 (0.28, 1.58) ref. 0028, 2.16)
WHO-5 Wéll-being

| have felt cheerful and in good spirits ref. 1.45 (1.18, 1.80)* 1.00 (0.79, 1.25 ref. 1(3@2, 1.86)*

I have felt calm and relaxed ref. 1.11 (0.91, 1.35) 0.70 (0.56, 0.88)* ref. 1(&B1, 2.01)*

| have felt active and vigorous ref. 2.46 (1.90, 3.19)* 1.83(1.39, 2.40)* ref. 38.(1.11, 1.71)*

| woke up feeling fresh and rested ref. 1.04 (0.82, 1.33) 0.92 (0.71, 1.17) ref. (089, 1.47)

My daily life has been filled with things that ingést me ref. 1.09 (0.87, 1.35) 1.01 (0.81, 1.26) ref. (082, 1.40)

Total Well-being Score ref. 1.32 (1.25, 1.38)* 0.99 (0.94, 1.05 ref. 1327, 1.40)*
Total Mood Disturbance (TMD)

Tension/Anxiety (TA) ref. 0.95 (0.86, 1.06) 1.07 (0.97, 1.19) ref. Q@80, 0.98)*

Depression (D) ref. 0.72 (0.57, 0.91)* 0.82 (0.66, 1.04) ref. 0(8%6, 1.08)

Anger/Hostility (AH) ref. 0.51 (0.40, 0.66)*  1.32(1.09, 1.60)* ref. ©.®.28, 0.47)*

Fatigue (F) ref. 0.55 (0.46, 0.66)*  0.80 (0.68, 0.94)* ref. ®®.56, 0.82)*

Vigour (V) ref. 1.61 (1.50, 1.73)*  1.44 (1.34, 1.55)* ref. 4(0.05, 1.20)*

Total score POMS ref. 0.94 (0.92,0.96)*  0.97 (0.95, 0.99)* ref. D®.95, 0.99)*
No somatisation index ref. 1.01 (0.97, 1.04) 1.00 (0.97, 1.03) ref. 1(036, 1.20)
Vitality and mental health (SF36)

Vitality ref. 1.08 (1.06, 1.11)* 1.01 (0.99, 1.04) ref. 1(004, 1.09)*

Mental health ref. 1.08 (1.05, 1.10)* 1.02 (1.00, 1.05) ref. 1(093, 1.08)*
Sleep characteristics (last night)

Sleep latency (“Fall asleep easily”) ref. 2.338@).6.65) 0.87 (0.36, 2.11) ref. 2.61 (0.93, 7.32)

Sleep disturbance (“Restless and disturbed”) ref. 0.68 (0.29, 1.58) 0.73(0.32,1.70 ref. 0.91 (0B324)



“Wake up earlier than usual”

ref.

1.10 (0.47, 2.59 0.65 (0.26, 1.62) ref. 1.62 (0.67, 3.91)
Sleep quality (“Sleep well”) ref. 1.71(0.71,3)1 1.15(0.50, 2.66) ref. 1.50 (0.62, 3.63)
Sleep duration (“Short time sleeping (<7h)”) ref. .69(0.26, 1.63) 0.34 (0.13, 0.92)¢ ref. 1.83 (0.636)
General health (good) ref. 4.49 (0.51, 39.24) 9.17 (0.79, 107.11) ref. 56000.07, 4.60)
Life satisfaction ref. 1.20 (0.34, 4.26) 1.28 (0.35, 4.63) ref. Q0Q9, 2.76)
Eudaimonic well-being ref. 1.51 (0.51, 4.47) 0.73 (0.24, 2.20) ref. 2088, 6.70)
“p-value<0.05

®All the models were adjusted by age, gender, dapefveek, and well-being/mood measured at T1 (whisndata was available — see Figure
1). Except for*'SWB”, “General health”, “Life satisfaction”, and “Eudaimonic well-being’; that could not be adjusted by day of the week,
because these variables were measured only oirgharfd last day of each study week, but not thelevdays of the study week.
PIRR=Incidence Rate Ratio. Fdichotomous dependent variables we conducted iogigression models, reporting odds ratio (ORbeiag of
IRR. Dichotomous dependent variables weBulijective well-beirig“ Sleep characteristi¢s” General health (good)and “Life satisfactiofi



Table 5. Association between exposure environments (i.etrerblue, urban) and BP (measured at*TBP variables included systolic blood
pressure (SBP), diastolic blood pressure (DBP),mansk rate.

Analysis scenario 1 Analysis scenario 2 Conditional R*® | Marginal R*"
Control Blue Urban Urban Blue
Coef. (95% CI) Coef. (95% CI) Coef. (95% CI)
SBP ref.  1.16 (0.45, 1.87)* 1.27 (0.57, 1.98)* ref.  -0.09 (-0.82, 0.65) 0.830 767
DBP ref. 0.39 (-0.09, 0.88)  0.20 (-0.28, 0.67) ref. 0.22 (-0.27, 0.70) 0.771 0.368
Pulse rate ref. 2.08 (1.48, 2.67)* 1.87 (1.27, 2.46)* ref.  0.21(-0.39, 0.81) 0.794 11

®Models adjusted by: age, gender, body mass indeM)(Blays of the week, and BP measured at T1.

The goodness-of-fit of this model has been assesithdhe conditional and marginaPRwhich are concerned with the variance of thedixe
effects, and the fixed effects plus the randomctsterespectively (Nakagawa and Schielzeth, 2013).

*Statistically significant (p-valug0.05)



Table 6. Association between exposure environments (i.etrabrblue, urban) and logarithmic HRV variablesR¥ variables included (i)
frequency domain measurements: heart rate (HR)fleguency power (LF), high frequency power (HF)d dhe ratio of LF to HF (LF/HF);
and (ii) time domain measurements: standard dewiaif NN interval (SDNN), and the root mean squareuccessive NN interval differences

(RMSSD).
Analysisscenario 1 Analysis scenario 2 Cond. R*® | Marg. R?®
Control Blue Urban Urban Blue
Time Coef. (95% CI) Coef. (95% CI) Coef. (95% CI)
period
Ln(HR) T1 ref. 0.021 (0.006, 0.037)* _ 0.025 (0.000)41)* | ref.  -0.004 (-0.021, 0.013)
T2 ref. 0.363 (0.347, 0.379)*  0.369 (0.353, 0.384) ref.  -0.005 (-0.022,0.011)  0.835 0.500
T3 ref. 0.072 (0.056, 0.088)*  0.077 (0.061, 0.893) ref.  -0.005 (-0.021, 0.012)
Ln(LF) T1 ref. 0.009 (:0.112, 0.094)  -0.009 (-010.095) | ref.  -0.007 (0.117,0.108) ., 0437
T2 ref.  -1.390 (-1.493, 1.288)* -1.230 (-1.333127)* | ref.  -0.167 (-0.277,-0.057)* :
T3 ref.  -0.295 (-0.398, -0.193)* -0.341 (-0.445238)* | ref.  0.039 (-0.070, 0.149)
Ln(HF) T1 ref. -0.047 (-0.177,0.083)  -0.057 (-(B18.074) | ref.  0.003 (-0.136, 0.142)
T2 ref.  -2.276 (-2.406, -2.146)*  -2.059 (-2.190929)* | ref.  -0.224 (-0.363, -0.085)  0-744 0.395
T3 ref.  -0.415 (-0.545, -0.285)* -0.425 (-0.555294)* | ref.  0.003 (-0.136, 0.141)
Ln(LF/HF) T1 ref. 0.045 (-0.042,0.132)  0.056 (8100.144) | ref.  -0.012 (-0.104, 0.080)
T2 ref. 0.980 (0.892, 1.067)*  0.884 (0.796, 0.871) ref.  0.095 (0.003, 0.187)  0-646 0.218
T3 ref. 0.125 (0.038, 0.212)*  0.088 (0.001, 0.176) ref.  0.036 (-0.056, 0.128)
Ln(SDNN) T1 ref. 0.042 (-0.010, 0.095)  0.065 (0.0a218)* | ref.  -0.027 (-0.084, 0.029)
T2 ref.  -0.537 (-0.589, -0.484)* -0.480 (-0.5334&7)* | ref.  -0.061 (-0.118, -0.004)*  0.578 0.274
T3 ref. 0.001 (-0.051, 0.054)  0.001 (-0.051, 0)054 -0.004 (-0.061, 0.052)
Ln(RMSSD)  T1 ref. -0.028 (-0.099, 0.043)  -0.03814D, 0.033) | ref.  0.005(-0.072,0.082)  0.664 0.289
T2 ref.  -0.927 (-0.999, -0.856)* -0.843 (-0.918.771)* | ref.  -0.090 (-1.167, -0.013)*



T3 ref.  -0.259 (-0.330, -0.188)* -0.232 (-0.308,160)* | ref.  -0.032 (-0.109, 0.045)

®Time period refers to the moment when the HRV patans were measured. Time=1 (T1): pre-exposureeFin(T2): during exposure;
Time=3 (T3): post-exposure (see Figure 1)

Models adjusted by: age, gender, body mass indii)(Bind days of the week (see Table S2 — SupplengMaterial).

®The goodness-of-fit of this model has been assesitadhe conditional and margina?Rwhich are concerned with the variance of thedixe
effects, and the fixed effects plus the randomogsferespectively (Nakagawa and Schielzeth, 2013).

*Statistically significant (p-valug).05)



Highlights

[N

A randomised crossover study was done to evaluate hedth effects of blue
spaces.

We assessed repeated acute exposure to blue spaces, vs. urban spaces and a
control.

We found a positive effect for well-being/mood, but not for cardiovascular
outcomes.

Health effects of blue spaces on cardiovascular outcomes should be further

explored.



