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Abstract: Subjective wellbeing (SWB) is positively associated with both social connectedness and
contact with natural environments. However, few studies have explored how these two predictors of
SWB might interact. The current work hypothesised that high levels of nature exposure might mitigate
(or buffer) any negative effects of a lack of recent social connectedness on wellbeing, by offering an
alternative way for individuals to connect with the world around them. Results are based on data from
359 individuals who responded to an online survey in the UK. Measures of SWB, social connectedness
and nature visit frequency all focused on the last seven days, and nearby nature was assessed in terms
of the view from home and surrounding area. Regression models predicting SWB used interaction
terms to test the buffering hypothesis, and controlled for sociodemographic and personality variables.
Supporting predictions, social connectedness, nearby nature, and nature visit frequency were all
positively associated with SWB. Partially supporting our buffering hypothesis, nearby nature, but not
nature visit frequency, moderated the relationship between social connectedness and SWB. People
with poor social connectedness still showed high levels of wellbeing if they reported high levels of
nearby nature, and there was a lower likelihood of levels of wellbeing associated with depression
among those with poor social connectedness if they had high nearby nature. Results confirmed the
importance of nature exposure for wellbeing in itself, and highlighted its potential role in offering
socially isolated individuals a way of satisfying the need to feel connected.
Keywords: natural environments; perceived nature; social connectedness; subjective wellbeing

1. Introduction
1.1. Overview
Achieving positive subjective wellbeing and reducing the prevalence and challenges presented by
mental health disorders is attracting ever-increasing interest from policy-makers, practitioners and
the general public. Promoting good mental health is, for instance, a central objective of the World
Health Organisation’s (WHO) Global Mental Health Action Plan, and included in the UN’s Sustainable
Development Goals [1,2]. Further, there is also growing recognition that mental health is not just
about the absence of mental conditions such as anxiety and depression, but also the promotion of
subjective wellbeing (SWB, i.e., how people think and feel about their lives; [3]). The determinants of
good mental health and SWB are complex and varied, and include genetic dispositions, environmental
factors, life conditions and opportunities, lifestyle and other behaviours, personality and patterns of
thoughts [4–9]. Two antecedents which have received a considerable amount of research attention in
recent years are: (a) social connectedness and its converse, social isolation [10]; and (b) contact with
Int. J. Environ. Res. Public Health 2018, 15, 1238; doi:10.3390/ijerph15061238

www.mdpi.com/journal/ijerph

Int. J. Environ. Res. Public Health 2018, 15, 1238

2 of 20

natural environments, especially among a growing urban population [11,12]. By and large, contact
with other people and contact with natural environments are both associated with better mental health
and SWB.
Although most research has considered these two predictors largely independently, a growing
area of research has suggested that social connectedness may mediate the relationship between natural
environments and mental health and SWB by providing a physical opportunity for people to meet
and connect with others [13,14]. Evidence supporting this hypothesis has, however, been highly
equivocal with many studies failing to find any evidence of such a mediating process, or finding that
the existence of mediation is dependent on specific characteristics of nature exposure and on the social
contexts involved [15–21]. The current research extends previous investigations into the relationship
between social connectedness, nature exposure and mental health and wellbeing by adopting a quite
different perspective. Building on a psychological needs framework we suggest that contact with either
(a) people, or (b) nature, may be satisfying the same underlying need, the need for connectedness/to
belong [22], and thus may be somewhat substitutable. Such an approach would predict, for instance,
that even if an individual had relatively little social contact, they might still have relatively high
wellbeing if they maintained good contact with nature. Put differently, might contact with natural
environments “buffer” the traditionally negative association between poor social connectedness and
wellbeing? Before we explain how we tested this possibility, we provide greater detail about the
theoretical and empirical context of our investigation.
1.2. Social Connectedness and Mental Health and Wellbeing
Of the numerous factors influencing mental health and SWB, considerable evidence shows social
experiences to be fundamental [10]. As highly social animals, it has been argued that humans have
a strong innate need to affiliate with conspecifics and to feel as if they belong to a social group [22].
Subjective perceptions and feelings about one’s social experiences (i.e., perceived social connectedness),
as well as objective social events and situations (i.e., actual social connectedness), have both been
found to be distinctly important in mental health and SWB [23,24]. Intriguingly, while people who are
lacking in objective social connectedness do often report feeling lonely, perceived and actual social
connectedness do not always correlate strongly and may sometimes be completely uncorrelated, with
factors such as personality, gender, culture, age, genetics, and non-social experiences being influential
in one’s perceptions of their social connectedness [25–27].
In the current research we focused on actual social connectedness (hereafter referred to
just as social connectedness), as operationalised by the number of social contacts in the last
week. Social connectedness and the social support that emerges from it provide the individual
with core psychological benefits such as sense of meaning, self-esteem, sense of belonging and
companionship [28]. Concordantly, they have consistently been shown to be positively associated with
SWB, and negatively associated with depression and other mental health disorders [10,24,27–33].
Face-to-face contact with friends and relatives is a key element of social connectedness and is
generally correspondingly associated with mental health and SWB [27,34–42]. Although the increasing
prevalence of electronically-based social interaction may aid connectedness with social ties, direct
contact with friends and family is more important [42]. A sizable portion of society is lacking in this
form of contact, potentially impacting public wellbeing [43]. Current trends in developed countries,
including decreasing family size, increasing divorce rates, geographical dispersal for employment, and
ageing populations, all threaten to diminish the quantity and quality of contact with close friends and
relatives in the future, and as such may present a barrier to SWB.
1.3. Nature Exposure and Mental Health and Wellbeing
Discussions concerning public health and wellbeing are increasingly recognising that contact
with natural features and environments (hereafter referred to as nature exposure) has potentially
significant salutogenic (i.e., health-promoting) effects on SWB [11,44]. Nature exposure in day-to-day
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life may occur intentionally (“experiencing or being in nature through direct intention”), incidentally
(“experiencing nature as a by-product of another activity”), or indirectly (“experiencing nature while
not being physically present in it”), with each form providing different profiles of psychological effects,
and varying in intensity [11]. Epidemiological studies have observed reduced rates of depression,
depressive symptomology and antidepressant prescription among people who had more nature
exposure (often inferred from the level of greenspace in the area surrounding the home—or ‘nearby
nature’—as well as through metrics including accessibility and usage patterns of local areas of nature),
along with reduced stress levels, lower prevalence of anxiety and general psychological distress,
and improved hedonic and eudaimonic wellbeing [19,45–51]. Longitudinal panel analysis has also
demonstrated that the positive psychological effects of moving to a more natural area remain elevated
for some years after a move [52,53]. To the extent that social connectedness is associated with many
of these same psychophysiological mechanisms and epidemiological outcomes, it is feasible that
the buffering or restorative effects of nature exposure may alleviate the negative influence of social
isolation on SWB.
1.4. Commonalities in the Relationships between Social and Nature Exposure and Wellbeing
As well as sharing outcomes in mental health and SWB, social and environmental contexts are
implicated in a number of the same processes and mechanisms that may underlie these outcomes.
These include: psychophysiological stress [54,55]; attention [56,57]; cognitive functioning [58,59];
age-related cognitive decline [60,61]; rumination [62,63]; pain relief and pain tolerance [64,65]; pleasure,
mood and affect [49,66–68]; self-esteem [69,70]; anger and aggression [71,72]; physical health and
exercise [20,44,73]; and, sense of belonging [14,74], among others.
Another interesting similarity between the effects of nature exposure and social connectedness is
that both lead to feelings of connection or relatedness, with such feelings speculated to be fundamental
human needs that evolved due to the adaptive benefits of being connected with other people and
with stable, resource-rich ecologies [22,23,75,76]. There also appears to be some overlap between
social and nature connectedness in terms of the behaviours they elicit: experimental studies have
found that exposing subjects to natural imagery, features and settings elicits more pro-social values
and behaviours than less natural conditions, with this relationship being demonstrated in some
cases to be mediated by the feeling of connection with nature [77–80]. Conversely, individuals
with more interdependent self-construals, more pro-social personality traits, and a tendency to be
empathetic, report greater feelings of connection with nature and stronger pro-environmental concerns,
values and behaviours [81–85]. In short, these studies imply that connectedness in one domain
(i.e., social or environmental) may elicit a broader feeling of connection in general, resulting in positive
outcomes for others (e.g., pro-social or pro-environmental behaviours). This hypothesis is related to
the debate and research concerning the domain- or needs-based structure of human wellbeing, as in
Maslow’s notion of the Hierarchy of Needs, and Ryan and Deci’s Self-Determination Theory [75,86].
Firstly, it supposes that nature’s positive mental wellbeing outcomes may occur due to the meeting
of connectedness/relatedness needs by nature exposure, calling into question the notion that these
needs may only be satisfied by social experiences. Moreover, this may be taken to indicate that the
domains underlying SWB are less rigid than commonly thought, and that SWB outcomes are more
closely dependent on the bases and mechanisms of an experience (such as those listed at the start of
the current section) rather than the designated category of that experience.
To summarise, here we suggest that nature exposure may buffer against the negative SWB
outcomes of low social connectedness because it has a similar profile of SWB-related psychological
and physiological effects, and because it may help to satisfy the need for connectedness.
1.5. Interactive Effects of Social Contact and Nature Exposure
As well as inter-domain interactions in terms of values and behaviours, a small amount of
research has demonstrated that social and environmental contexts may also have interactive effects

Int. J. Environ. Res. Public Health 2018, 15, 1238

4 of 20

on emotional outcomes, providing initial evidence that they may interact in their influence on SWB.
Staats and Hartig [87], for instance, found that natural scenery was only perceived as significantly
more restorative than urban scenery when participants were instructed to imagine themselves alone;
when imagining being accompanied by a close friend or relative, urban scenes were not perceived
as more or less restorative than natural ones. Similarly, Johansson, Hartig and Staats [88] showed
that participants only exhibited lower mood following a walk in an urban setting compared with a
walk in a natural setting when they were alone; when they were accompanied by a close social tie,
urban settings provided similar restoration to natural ones. In other words, these studies found that, in
low-nature conditions, being in (imagined) social company was demonstrated to exert a positive effect
on mood and environmental preference, while in high-nature conditions it did not have any additive
effect. Although these findings are discussed by the study authors as social company detracting from
the restorative potential of nature, their results may plausibly reflect the fact that both social contact
and nature exposure replenish some psychological resource, which, when satiated by one, does not
require further satiation by the other. Although encouraging, both studies, had relatively small sample
sizes and it is hard to know how generalizable they are to non-experimental, day-to-day, contexts.
A small number of survey studies have partially addressed this and found that elevated nature
exposure has greater protective effects on the physical health, mortality, stress, motivation, mental
health and subjective wellbeing of people undergoing more negative events and circumstances such
as socioeconomic deprivation or work stress compared with people who do not suffer these ills,
suggesting a “buffering” effect [89–95]. Particularly salient to the present discussion are investigations
into how nature exposure may mitigate adverse wellbeing outcomes in individuals subjected to
social stressors. Van den Berg, Maas, Verheij and Groenewegen [96] found, for instance, that survey
participants with greater greenspace coverage near their home (nearby nature) were less likely to
experience adverse mental health outcomes from acute stressors (including inherently social stressors
such as divorce, death of a loved one, or “interpersonal problems”) than those who resided near less
greenspace. Further, Lederbogen et al. [97] observed that participants who lived, or were brought
up, in more urban areas were significantly more susceptible to social stress at a neural level. Though
there are many other urban-associated factors that may be responsible for this relationship (such as
population density and a high level of social comparison), urbanity is correlated with naturalness,
suggesting a potential role of nature exposure.
These studies provide initial evidence that an elevated level of nature in the residential
environment (nearby nature) may either increase resilience to negative social situations or provide
greater opportunities for recovery from them.
1.6. The Current Research
In sum, there is reasonable evidence to suggest that the links between social and environmental
influences on mental health and wellbeing may overlap, and that nature exposure may protect
individuals from some of the negative outcomes of a lack of social connectedness. The aim of the
current study was to extend the work of studies into nature’s buffering effects to investigate whether it
may ‘buffer’ the potential negative effect on mental health of poor social connectedness. Rather than
explore the impact of acute social stressors, however, the current work focuses on the more chronic
issue of social connectedness in general. Moreover, rather than explore generic levels of contact and
wellbeing, our aim was, as far as possible, to explore how social contact and nature exposure over
a given period of time might influence wellbeing over the same period of time, because we felt this
would provide a more accurate reflection of any underlying interactive effects.
We made the following specific predictions: (a) Social connectedness, operationalised as the
frequency of contact with friends and family during the last 7 days, would be positively associated
with recalled subjective wellbeing over the same 7 day period; (b) Contact with nature (i.e., amount of
nature visible from or near to one’s home (‘nearby nature’), and/or frequency of visits to nature during
the last seven days) would be positively associated with subjective wellbeing over the same period
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(see [98]); and (c) Nature exposure would ‘buffer’ the effect of low social connectedness on subjective
wellbeing over this period; i.e., individuals with low social connectedness during the last week would
have higher subjective wellbeing last week if they nonetheless had high nature exposure during the
last week compared to individuals with low social connectedness who also had low nature exposure.
2. Methods and Materials
2.1. Survey Design
A cross-sectional survey was designed to measure subjective wellbeing as the main dependent
variable, social connectedness as the primary independent variable, and two types of nature exposure
as potentially moderating variables. First, we carried out two pilot studies using variables adapted
from the relevant literature. Convenience samples were recruited via snowballing on social media
(pilot 1, N = 67; pilot 2, N = 42). Written feedback allowed us to adjust questionnaires for issues of
clarity and other types of participant burden such as difficulty of recall over long time scales (guiding
us to focus on a period of recall restricted to the last seven days). We examined pilot data for obvious
skewness or kurtosis, and where necessary adjusted question structure, content, and response options.
The final questionnaire was distributed to a random sample of 400 UK adults via an online
survey distribution platform (Survey Sampling International) which pays respondents to fill out a
survey based in the Qualtrics online survey software. Demographic variables were well distributed
in terms of age, sex, income, and qualification level (see Supplementary Table S1). Due to issues of
reliability of data from online surveys (e.g., people not taking them seriously, or completing them
over multiple sittings), data from participants with the shortest 5% (n = 20; <2 min, 9 s) and longest
5% (n = 20; >15 min, 28 s) completion times were removed a priori from the dataset as suggested by
Malhotra [99]. An alternative method of outlier exclusion (i.e., Median Absolute Deviation; [100]) was
not used because this would have resulted in asymmetric exclusion (i.e., no exclusions based on rapid
completion and >10% based on slow completion). Due to missing data for one participant the final
estimation sample was n = 359.
2.2. Measures
2.2.1. Subjective Wellbeing
Subjective wellbeing was measured using the 5-item Wellbeing Index developed by the World
Health Organisation (WHO-5). Used worldwide, it measures positive wellbeing but can also help
identify people at risk from common mental disorders such as anxiety and depression [101–105].
Importantly for present concerns it has also been shown to be sensitive to greenspace access in the
UK [98]. Although the WHO-5 generally asks participants to rate the extent to which they experienced
various emotions over the past two weeks, the current work altered this to the last 7 days, to be
consistent with other questions regarding social connectedness and nature exposure, and to fit with
participant responses during piloting suggesting that they found it too hard to recall their wellbeing,
social connectedness and nature exposure beyond the last seven days. Specifically, participants were
presented with five statements about their emotions during the last week (“Over the last seven days
. . . : 1. I have felt cheerful and in good spirits; 2. I have felt calm and relaxed; 3. I have felt active and
vigorous; 4. I woke up feeling refreshed and rested; 5. My daily life has been filled with things that
interest me”), with response scales from 0 (None of the time) to 5 (All of the time). The scale showed
high internal consistency (Cronbach’s α = 0.91) and, as recommended, participants’ scores on the five
dimensions were summed to give a score out of 25, and then multiplied by four to give a score out of
100 (with the result that raw change scores can also be considered as percentage changes). A score
above 50 is considered to reflect high wellbeing, and a score below 28 is considered to indicate a risk of
depression [104,105].
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2.2.2. Social Connectedness
Social connectedness was measured using a single item asking “Over the last 7 days, roughly how
often have you met with a person or people who are important to you (i.e., friends, family) who do
not live with you?” with response options: (1) 0 times; (2) 1–2 times; (3) 3–4 times; (4) 5–6 times; and,
(5) 7 or more times. This measure was developed from pre-existing measures on social connectedness
employed by the European Commission and by the UK Office for National Statistics (ONS) [106,107],
but slightly adapted to focus on the last seven days as noted above.
2.2.3. Nature Exposure
Following Natural England’s Monitor of Engagement with the Natural Environment (MENE)
survey [108], participants were provided with a definition of ‘nature’ including: “green open spaces that
are dominated by nature or that have significant natural features, as well as aquatic or marine environments.
These may include places such as urban parks, public gardens, woodland, farmland, beaches, canals, allotments,
rivers, coasts, lakes, hills, moorland, and so on.”
Nature exposure was measured in two ways. First, a self-assessed measure of the quantity of
nature near the home or ‘Nearby nature’ was derived by collapsing the responses to two items (r = 0.78,
p < 0.001) derived from previous studies [92,109–111]. The first question asked participants to rate
how much nature was visible from their home, and the second asked how much nature was visible
in their neighbourhood as they travelled round it, with response options from 1 (not at all natural)
to 7 (completely natural). The focus on nearby nature reflects previous studies showing that the area
surrounding the home is a principal source of a person’s nature exposure, and repeated exposure
cumulatively influences mental wellbeing [11,21,110].
Second, participants were asked, “Over the last 7 days, how many times have you visited an
area of nature for leisure or recreation?” (‘Nature visits’), with response options consistent with the
social connectedness question: (1) 0 times; (2) 1–2 times; (3) 3–4 times; (4) 5–6 times; and, (5) 7 or more
times. An ‘objective’ estimate of local area greenspace was not possible, since ethical approval was not
available for collecting the necessary post-code level data (for this student project).
2.2.4. Covariates
We identified and measured a number of confounding variables based on findings and
recommendations within the literature on subjective wellbeing [6,112,113]. These included: gender
(male = reference); age (≥55 years vs. 18–54 years = reference); income (≥£40,000 pa vs. <£40,000 pa
= reference); educational attainment level (higher education vs. no higher education = reference);
number of under 18 s in the household (≥1 vs. 0 = reference); and number of adults in the household
(≥1 vs. 0 = reference).
In a relatively novel addition to the field we also included a measure of the “big five” personality
traits of Openness, Conscientiousness, Extraversion, Agreeableness, and Neuroticism, i.e., the Ten-Item
Personality Inventory (TIPI; [114]). These dimensions of personality (esp. extraversion) have been
shown to be reliable predictors of all three of our key variables, subjective wellbeing (e.g., [4,115],
social connectedness (e.g., [116]), and nature connectedness (e.g., [117]) in previous research, making
it particularly important to control for when exploring whether nature exposure may moderate the
relationship between social connectedness and wellbeing. See Supplementary Table S1 for frequencies
and means of covariates.
2.3. Data Analyses
Data analysis was conducted using SPSS v24 (IBM Corporation, Armonk, NY, USA; [118]).
First, we analysed zero-order correlations to identify general patterns of association and examine
for multicollinearity. We then used multiple regression models to examine whether the relationship
between social contact frequency and SWB depended on either of the two nature exposure variables,
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as stipulated by Cohen, Cohen, West and Aiken [119]. As these items were measured using different
response scales we first of all standardised each scale and then multiplied the Z-scores for each together.
The Z-scores for each of the main independent variables was added to the regression first, followed by
the multiplication of the two Z-scores to assess the interaction effect. We then ran the same model with
the addition of covariates.
In multiple regression moderation analysis, a non-significant interaction term indicates no
interactive effect, with the independent variable and moderator having (potentially) simple additive
effects on the dependent variable. A significant positive interaction term implies an “enhancing
interaction”, in which the combined effects of the independent variable and the moderator are stronger
than would be expected if they were additive. A significant negative interaction term is indicative
of a “buffering interaction”, in which a higher value of the moderator diminishes the effect of the
independent variable on the dependent variable [119]. Should any significant interactions emerge they
can then be explored further using conditional effects analysis, which would explore, for instance, the
relationship between social connectedness and SWB at different levels of nearby nature. In this model,
the relationship between the independent variable (nature exposure) and the dependent variable
(WHO-5 score) is explored at three values of the moderator (social connectedness): at one standard
deviation above the mean (high); at the mean; and at one standard deviation below the mean (low).
If our ‘nature buffering’ prediction is correct, we would expect both a significant interaction and
a pattern of conditional results such that while the relationship between social connectedness and
wellbeing would be strong for low nature exposure (i.e., social connectedness is very important for
wellbeing with low nature exposure), it would be weaker for individuals with high nature exposure
(because people with high nature exposure have an alternative pathway to wellbeing). As well as the
two main regressions analysing the potentially moderating role of nearby nature and visit frequency on
the whole WHO-5 scale, we also conducted binary logistic regressions on the risk of depression cut-off
point (<28 vs. ≥28, see [104]), to see whether nature exposure might even moderate the relationship
between social connectedness and the risk of depression, a potentially meaningful clinical outcome.
2.4. Ethics
Ethics were obtained from the College of Life and Environmental Sciences ethics board at the
University of Exeter (ethical approval code: 2017/1513). Before taking the survey, participants were
directed to a welcome page where they were informed that they could opt out of the survey at any
time, and that any data they provided would be anonymous and could not be used to identify them
(which is why post-code data and local area greenspace were not available).
3. Results
3.1. Descriptives
The means, standard deviations and zero-order Pearson’s correlations for our primary variables
of interest are displayed in Table 1 (information for all covariates, including correlations with key
variables are presented in Supplementary Table S1). Importantly, WHO-5 responses were, as predicted,
significantly positively related to social contact frequency, nearby nature and nature visit frequency.
The greater the level of social contact in the last seven days, the more nature near the home, and the
greater the number of visits to nature in the last seven days, the higher the self-reported SWB in the
last seven days. Moreover, social contact was also significantly positively correlated with both nature
exposure variables.
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Table 1. Pearson’s zero-order correlations, means and standard deviations of the main variables
of interest.

1.
2.
3.
4.

Social contact frequency
Nearby nature
Nature visit frequency
WHO-5 score

Mean
SD

1

2

3

4

–
0.13 **
0.28 ***
0.27 ***

–
0.28 ***
0.32 ***

–
0.32 ***

–

2.60
1.18

3.97
1.58

2.06
1.04

51.56
23.38

** p < 0.01; *** p < 0.001.

3.2. Regression Analyses
Below we present results of two regressions models testing the interaction between (a) social
connectedness and nearby nature (Section 3.2.1), and (b) social connectedness and nature visit
frequency (Section 3.2.2).
3.2.1. Social Connectedness Nearby Nature
Table 2 presents 3 models. Model 1 presents findings when just the two main predictors are
entered independently, model 2 adds the interaction term, and model 3 adds the covariates. Results
from model 1 support the zero-order correlations and suggest that a standard deviation increase in
social connectedness and nearby nature are associated with 5.4% and 6.9% increases in WHO-5 scores
respectively (as indicated by the associated B values of 5.35 and 6.91, which may be interpreted directly
as percentages due to the 100-point maximum score of the WHO-5) and by themselves account for 15%
of the variance in WHO-5 scores (indicated by R2 ). Model 2 adds the interaction term and, supporting
predictions, it was significantly negative, suggesting a ‘buffering’ effect. The two main and interaction
effects all remained significant in the fully adjusted model where extraversion and number of children
in the household also emerged as significant positive predictors of WHO-5, and gender, education and
openness emerged as marginally significant predictors.
To better understand the significant interaction, we conducted conditional effects analysis
to calculate the un-standardised regression coefficients for social connectedness on SWB, at the
mean value, at one standard deviation above the mean value and at one standard deviation below
the mean value of nearby nature (using the raw connectedness scores for ease of interpretation,
see Supplementary Table S2). Results, expressed as simple slopes, are plotted in Figure 1 where it can
be seen that while the amount of nearby nature is very important for wellbeing among those with few
social contacts in the last week, it is far less important for those with high social connectedness. Indeed,
at one standard deviation above the mean levels of nearby nature, wellbeing is estimated to be above
the threshold for high vs. low wellbeing (i.e., 50). Supporting the suggestion that these differences are
potentially clinically meaningful, binary logistic regression analysis predicting the odds of reporting a
score reflecting being at risk of depression (i.e., <28), also found a significant interaction (p < 0.05) once
all covariates had been controlled for (Supplementary Table S3). This time the interaction term was
positive, reflecting the fact that when nearby nature was high there was a lower risk of depression,
and that this was especially important when social contacts were low.
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Table 2. Nearby nature*Social contact. Results of multiple regression predicting subjective wellbeing, displaying: unstandardised regression coefficients (B); standard
error (SE); standardised regression coefficients (β); and, significance (p) of coefficients.
Model 1

Model 2

Model 3

B (SE)

β

p

B (SE)

β

p

B (SE)

β

p

5.35 (1.13)
6.91 (1.16)

0.23
0.29

<0.001
<0.001

5.64 (1.13)
6.84 (1.15)
−2.50 (1.16)

0.25
0.29
−0.11

<0.001
<0.001
<0.05

5.49 (1.12)
5.24 (1.22)
−2.87 (1.15)

0.24
0.22
−0.12

<0.001
<0.001
0.013

Demographics
Age (ref = under 55 years)
Gender (ref = male)
Income (ref = under £40,000 pa)
Education (ref = no university education)
Over 18 s in household (ref = none)
Under 18 s in household (ref = none)

−1.06 (2.89)
−4.06 (2.26)
−2.02 (2.84)
4.67 (2.39)
−1.13 (3.20)
6.34 (2.54)

−0.02
−0.09
−0.04
0.10
−0.02
0.13

0.713
0.073
0.477
0.051
0.725
0.013

Personality
Extraversion
Agreeableness
Conscientiousness
Neuroticism
Openness to experience

3.71 (1.38)
−0.33 (1.26)
0.68 (1.31)
−1.28 (1.39)
2.16 (1.21)

0.15
−0.02
0.03
−0.05
0.10

0.008
0.791
0.606
0.355
0.075

Key variables
ZSocial contact
ZNearby nature
ZSocial contact x ZNearby nature

N
R2 ∆
R2 adj

359
0.16 ***
0.15

359
0.01 *
0.16
* p < 0.05; *** p < 0.001.

359
0.08 ***
0.22
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Table 3. Nature visit frequency*social contact. Results of multiple regression predicting subjective wellbeing, displaying: unstandardised regression coefficients (B);
standard error (SE); standardised regression coefficients (β); and, significance (p) of coefficients.
Model 1

Model 2

Model 3

B (SE)

β

p

B (SE)

β

p

B (SE)

β

p

4.47 (1.18)
6.51 (1.23)

0.19
0.27

<0.001
<0.001

4.49 (1.18)
6.62 (1.27)
−0.40 (1.06)

0.20
0.27
−0.02

<0.001
<0.001
0.70

4.42 (1.17)
4.91 (1.30)
−1.04 (1.05)

0.19
0.20
−0.05

<0.001
<0.001
0.320

Demographics
Age (ref = under 55 years)
Gender (ref = male)
Income (ref = under £40,000 pa)
Education (ref = no university education)
Over 18 s in household (ref = none)
Under 18 s in household (ref = none)

1.63 (2.93)
−3.19 (2.30)
−0.88 (2.87)
3.47 (2.42)
−0.13 (3.23)
5.55 (2.58)

0.03
−0.07
−0.02
0.07
−0.00
0.11

0.578
0.166
0.761
0.153
0.967
0.032

Personality
Extraversion
Agreeableness
Conscientiousness
Neuroticism
Openness to experience

5.23 (1.37)
−1.64 (1.27)
1.45 (1.30)
−1.01 (1.41)
1.64 (1.24)

0.22
−0.07
0.06
−0.04
0.07

<0.001
0.198
0.266
0.474
0.188

Key variables
ZSocial contact
ZNature visit frequency
ZSocial contact x ZVisit frequency

N
R2 ∆
R2 adj

359
0.14 ***
0.14

359
0.00
0.13
*** p < 0.001.

359
0.08 ***
0.19
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4. Discussion
Supporting our first two predictions, greater social connectedness in the last seven days and
greater nature exposure (both in terms of nearby nature, and visits in the last week) were both
associated with greater subjective wellbeing (SWB) over the same period. Moreover, in partial
support of our key third prediction, nearby nature, but not visit frequency, moderated the relationship
between social connectedness and SWB over the last seven days. Put simply, a relative lack of social
connectedness was less important for SWB among those who lived in greener areas. Or to put it
another way, nearby nature appeared to ‘buffer’ the effect of a lack of social connectedness on wellbeing,
supporting and extending previous work that also suggested that living in more natural areas buffers
against the adverse impacts of negative events and circumstances on stress and wellbeing (e.g., [94,95]).
Importantly, this effect was replicated across both the overall WHO-5 score and a binary version
which identifies a cut-off for being at risk of depression [104]. That is, high levels of nearby nature
appeared to reduce the likelihood of showing signs of depression among individuals with low social
connectedness. Contrary to predictions, however, intentional exposure, i.e., the number of visits made
to nature in the last week, did not show a similar buffering effect, suggesting instead that socially
connected individuals stand to gain roughly as much as socially isolated individuals from making
more frequent visits to natural areas in terms of their SWB.
That the strength of association between our measures of nature exposure and SWB were
similar in size to those between social connectedness and SWB shows just how important the local
environment can be, given that social connectedness is often thought to be one of the key predictors of
wellbeing [10]. The buffering effect of nearby nature on the social connectedness-SWB relationship
also has important implications for the domain-based conceptualisation of human wellbeing, because
it would appear that a deficit in the “social domain” of SWB may be supplanted by experiences based
in the biophysical environment. This “inter-domain” interaction thus supports the possibility that both
social connectedness and nature exposure may act upon shared mechanistic pathways (e.g., stress,
rumination, self-esteem, etc.), and that they may be expressions of the same underlying need, i.e.,
the need to feel connected, whether this is manifested as being connected to other people or the
natural world. Although from an evolutionary perspective this may suggest that both social and
environmental factors are indicative of the perceiver’s reproductive fitness, we remain cautious about
proposing evolutionary explanations given the more easily demonstrable influences of culture and
individual experiences [120,121]. Clearly far more, and possibly experimental, work is needed to
unpick these possibilities.
There are a number of possible reasons why we did not see an interactive effect between social
connectedness and visit frequency. One possibility is due to a restricted data range. Specifically,
although nearby nature had a good distribution across the 1–7 scale, approximately a third of
participants reported not visiting the natural environment at all in the last seven days and only
25% reported visiting more than once or twice. Thus although, in some ways, nature visit frequency
is a more directly comparable measure of ‘contact’ to the frequency of social contact experiences,
it has a more restricted range than nearby nature, which people may still experience indirectly
(e.g., through window views, e.g., [11]). It may also be that visiting nature is not as “clean” a
measure of nature exposure as nearby nature in that it also (usually) involves other things which
promote wellbeing but which were not included in the current analysis such as some form of physical
activity [15,16,122,123]. Although we are unsure exactly why the associations between the measures
differed here, we nonetheless believe it is important to test both, and other, operationalisations of
nature exposure in future work to help us gain a better understanding of how different measures of
nature exposure reflect different types of experience.
A relatively novel aspect of the current work was its inclusion of personality among the set
of covariates. This was important because it meant that an aspect of an individual that might
influence both their desire for contact with others, and their desire for contact with nature, was
controlled for, reducing the possibility that any interaction was due to an unknown third factor
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(in this case personality). Reflecting earlier work [4,115], extraversion was positively related to SWB,
and importantly for current purposes it was also significantly positively related to both measures of
nature exposure, although somewhat surprisingly was non-significantly positively related to social
connectedness (see Supplementary Table S1). In other words, by including extraversion in our covariate
set we were able to reduce the potential problem that extraverts are both happier and more likely
to report higher nature exposure, and thus any association between SWB and nature exposure may
simply be due to their shared variance with extraversion. We suggest that future studies exploring
nature exposure and health and wellbeing outcomes may also want to attempt to control for this often
unobserved yet stable source of heterogeneity.
Of course, we also recognise several limitations with the current study. First, the sampling
methods could be improved. Due to restrictions on budget, time and resources associated with the
current MSc project, the sample size was small and was not weighted to be population representative.
As such, the results are not yet generalizable beyond the current sample. Future research might
therefore want to explore whether the current findings might replicate across larger, more population
representative surveys such as the Monitor for Engagement with the Natural Environment [108].
Second, even though personality was included, the cross-sectional methodology still prohibits causal
inference, although it would be hard to explain the interactive effect between social connectedness
and nearby nature though a reverse direction account from wellbeing to the moderating effect of
nature exposure on social contact. Third, all variables were subject to the limitations of self-report
data, and we were unfortunately unable to collect objective nearby nature in the current study.
Mitigating this issue however, is the suggestion that subjective measurements of nature exposure
may be of equal or greater importance than “objective” ones in any case [124]. Nevertheless, further
longitudinal survey data (e.g., [52,53]) would enable future research to explore how fluctuations
in social connectedness and nature exposure for the same individuals are related to fluctuations in
mental health and SWB over time and experimental studies, perhaps similar to those by Hartig and
colleagues [87,88], would enable a more targeted exploration of our core hypothesis. Finally, we also
recognise that several potentially important covariates were not included in the survey, including
employment status, physical health, and physical activity level, which can all have strong influences
on mental wellbeing [6,125]. As noted above the lack of physical activity data, and thus the ability to
control for it, may in part explain our inability to find a moderating effect of nature visit frequency on
the social connectedness-SWB relationship.
Importantly, we wish to stress that the ways we operationalised SWB, social connectedness and
nature exposure may not reflect individuals’ entire experiences of the phenomena we wished to
measure. In particular, because participants only reported on their experiences in the seven days before
they took the survey, it would be unwise to suggest that our results generalise to related phenomena
in the longer-term, such as extended periods of social isolation.
These limitations notwithstanding, results have potential implications for policy and practice in
dealing with the issues of social isolation and population wellbeing. Specifically, our data suggest that
the greening or naturalisation of residential environments may provide a buffer against social isolation,
in a similar way to other stressors. In the UK, for instance, those most at risk of social isolation tend to
be older individuals, ethnic minorities, and those living in more deprived areas; the exact same groups
who tend to have lower than average contact with nature [98,126–128]. Consequently, increasing the
quantity of nature in neighbourhoods dominated by these and other isolated population segments is
a potentially important public health good. At the individual-level, our results suggest that people
who are socially disconnected, for instance when moving to a new area, may avoid the worst effects of
social isolation if they move to a more natural location. Finally, our results suggest that nature visit
frequency may be beneficial for SWB at various levels of social connectedness, and so even the most
socially connected person may still stand to benefit from actively going out to experience nature.
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5. Conclusions
Our study corroborates previous findings that social connectedness and nature exposure are
influential in mental health and wellbeing, reaffirming intuitions and empirical findings that contact
with nature and contact with other people are both beneficial in their own right. Furthermore, we find
that individuals who are less socially connected are more likely to report positive subjective wellbeing
and less likely to suffer from depression when they have greater nature exposure, suggesting that
visiting and living amongst nature may help to improve wellbeing and avoid mental health disorders
in individuals who are suffering from social isolation, at least temporarily.
We also find partial support for our novel hypothesis that nature exposure moderates the
relationship between social connectedness and mental health and wellbeing. More nearby nature
around the home and neighbourhood appears to “buffer” against the adverse wellbeing outcomes
of low social connectedness, but does not improve wellbeing in socially connected people. This may
reflect a shared psychological resource that both social connectedness and nearby nature act upon,
which we hypothesise to be a general feeling of connection. Further cross-sectional, longitudinal and
experimental studies exploring these issues are now needed to better understand the complex interplay
of our relationships to other people and the natural world for our mental health and wellbeing.
Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/15/6/1238/
s1. Table S1: Descriptive data for all covariates; Table S2: Unstandardised conditional effects of social contact
frequency on mental wellbeing at values of the moderators; Table S3: Binary logistic regression predicting the
Odds Ratio (OR) of reporting depression.
Author Contributions: B.D.S.C. & M.P.W. conceived and designed the research; B.D.S.C. M.P.W. & T.J.C.
developed the questionnaire; B.D.S.C. & T.J.C. managed the data collection and preparation for analysis; B.D.S.C.
& M.P.W. analysed the data; B.D.S.C. wrote the first draft of the paper, with all authors contributing the
final manuscript.
Funding: This work was supported by the National Institute for Health Research Health Protection Research Unit
(NIHR HPRU) in Environmental Change and Health at the London School of Hygiene and Tropical Medicine in
partnership with Public Health England (PHE), and in collaboration with the University of Exeter, University
College London, and the Met Office. The funders had no role in the study design, analysis, interpretation of data,
or decision to submit the article for publication. The views expressed are those of the author and not necessarily
those of the NHS, the NIHR, the Department of Health, or Public Health England.
Acknowledgments: This paper is based on an MSc project conducted by the first author, supervised by the second
author, and supported by the third author.
Conflicts of Interest: The authors declare no conflict of interest. The funding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.

Izutsu, T.; Tsutsumi, A.; Minas, H.; Thornicroft, G.; Patel, V.; Ito, A. Mental health and wellbeing in the
Sustainable Development Goals. Lancet Psychiatry 2015, 2, 1052–1054. [CrossRef]
World Health Organisation. Mental Health Action Plan 2013–2020; WHO Press: Geneva, Switzerland, 2013;
ISBN 9789241506021.
Diener, E. Subjective well-being. Psychol. Bull. 1984, 95, 542–575. [CrossRef] [PubMed]
DeNeve, K.M.; Cooper, H. The happy personality: A meta-analysis of 137 personality traits and subjective
well-being. Psychol. Bull. 1998, 124, 197–229. [CrossRef] [PubMed]
Diener, E.; Oishi, S.; Lucas, R.E. Personality, culture, and subjective well-being: Emotional and cognitive
evaluations of life. Annu. Rev. Psychol. 2003, 54, 403–425. [CrossRef] [PubMed]
Dolan, P.; Peasgood, T.; White, M. Do we really know what makes us happy? A review of the economic
literature on the factors associated with subjective well-being. J. Econ. Psychol. 2008, 29, 94–122. [CrossRef]
Rutter, M. How the environment affects mental health. Br. J. Psychiatry 2005, 186, 4–6. [CrossRef] [PubMed]
Walsh, R. Lifestyle and mental health. Am. Psychol. 2011, 66, 579–592. [CrossRef] [PubMed]
World Health Organisation. Social Determinants of Mental Health; WHO Press: Geneva, Switzerland, 2014;
ISBN 9789241506809.

Int. J. Environ. Res. Public Health 2018, 15, 1238

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.

21.

22.
23.
24.
25.
26.
27.

28.
29.
30.

31.
32.

15 of 20

Kawachi, I.; Berkman, L.F. Social ties and mental health. J. Urban Health 2001, 78, 458–467. [CrossRef]
[PubMed]
Keniger, L.E.; Gaston, K.J.; Irvine, K.N.; Fuller, R.A. What are the benefits of interacting with nature? Int. J.
Environ. Res. Public Health 2013, 10, 913–935. [CrossRef] [PubMed]
Soga, M.; Gaston, K.J.; Yamuara, Y.; Kurisu, K.; Hanaki, K. Both direct and vicarious experiences of nature
affect children’s willingness to conserve biodiversity. Int. J. Environ. Res. Public Health 2016, 13. [CrossRef]
[PubMed]
Maas, J.; van Dillen, S.M.; Verheij, R.A.; Groenewegen, P.P. Social contacts as a possible mechanism behind
the relation between green space and health. Health Place 2009, 15, 586–595. [CrossRef] [PubMed]
De Vries, S.; van Dillen, S.M.; Groenewegen, P.P.; Spreeuwenberg, P. Streetscape greenery and health: Stress,
social cohesion and physical activity as mediators. Soc. Sci. Med. 2013, 94, 26–33. [CrossRef] [PubMed]
Dinnie, E.; Brown, K.M.; Morris, S. Reprint of “Community, cooperation and conflict: Negotiating the social
well-being benefits of urban greenspace experiences”. Landsc. Urban Plan. 2013, 118, 103–111. [CrossRef]
Francis, J.; Giles-Corti, B.; Wood, L.J.; Knuiman, M. Creating sense of community: The role of public space.
J. Environ. Psychol. 2012, 32, 401–409. [CrossRef]
Kazmierczak, A. The contribution of local parks to neighbourhood social ties. Landsc. Urban Plan. 2013, 109,
31–44. [CrossRef]
Kemperman, A.; Timmermans, H. Green spaces in the direct living environment and social contacts of the
aging population. Landsc. Urban Plan. 2014, 129, 44–54. [CrossRef]
Korpela, K.; Borodulin, K.; Neuvonen, M.; Paronen, O.; Tyrvainen, L. Analyzing the mediators between
nature-based outdoor recreation and emotional well-being. J. Environ. Psychol. 2014, 37, 1–7. [CrossRef]
Sugiyama, T.; Leslie, E.; Giles-Corti, B.; Owen, N. Associations of neighbourhood greenness with physical
and mental health: Do walking, social coherence and local social interaction explain the relationships?
J. Epidemiol. Community Health 2008, 62, e9. [CrossRef] [PubMed]
Weinstein, N.; Balmford, A.; DeHaan, C.R.; Gladwell, V.; Bradbury, R.B.; Amano, T. Seeing community for
the trees: The links among contact with natural environments, community cohesion, and crime. BioScience
2015, 65, 1141–1153. [CrossRef]
Baumeister, R.F.; Leary, M.R. The need to belong: Desire for interpersonal attachments as a fundamental
human motivation. Psychol. Bull. 1995, 117, 497–529. [CrossRef] [PubMed]
Cornwell, E.Y.; Waite, L.J. Social disconnectedness, perceived isolation, and health among older adults.
J. Health Soc. Behav. 2009, 50, 31–48. [CrossRef] [PubMed]
Yu, G.; Sessions, J.G.; Fu, Y.; Wall, M. A multilevel cross-lagged structural equation analysis for reciprocal
relationship between social capital and health. Soc. Sci. Med. 2015, 142, 1–8. [CrossRef] [PubMed]
Cheng, H.; Furnham, A. Personality, peer relations, and self-confidence as predictors of happiness and
loneliness. J. Adolesc. 2002, 25, 327–339. [CrossRef] [PubMed]
Lykes, V.A.; Kemmelmeier, M. What predicts loneliness? Cultural differences between individualistic and
collectivistic societies in Europe. J. Cross Cult. Psychol. 2013, 45, 468–490. [CrossRef]
Matthews, T.; Danese, A.; Wertz, J.; Odgers, C.L.; Ambler, A.; Moffitt, T.E.; Arsenault, L. Social
isolation, loneliness and depression in young adulthood: A behavioural genetic analysis. Soc. Psychiatry
Psychiatr. Epidemiol. 2016, 51, 339–348. [CrossRef] [PubMed]
Thoits, P.A. Mechanisms linking social ties and support to physical and mental health. J. Health Soc. Behav.
2011, 52, 145–161. [CrossRef] [PubMed]
Hofman, S.G. Interpersonal emotion regulation model of mood and anxiety disorder. Cognit. Ther. Res. 2014,
38, 483–492. [CrossRef] [PubMed]
Hombrados-Mendieta, I.; Garcia-Martin, M.A.; Gomez-Jacinto, L. The relationship between social support,
loneliness, and subjective well-being in a Spanish sample from a multidimensional perspective. Soc. Indic. Res.
2013, 114, 1013–1034. [CrossRef]
Nieminen, T.; Martelin, T.; Koskinen, S.; Aro, H.; Alanen, E.; Hyyppa, M.T. Social capital as a determinant of
self-rated health and psychological well-being. Int. J. Public Health 2010, 55, 531–542. [CrossRef] [PubMed]
Seeman, T.E. Social ties and health: The benefits of social integration. Ann. Epidemiol. 1996, 6, 442–451.
[CrossRef]

Int. J. Environ. Res. Public Health 2018, 15, 1238

33.

34.

35.
36.
37.
38.
39.

40.
41.
42.

43.
44.
45.

46.

47.

48.
49.
50.

51.

52.

53.
54.

16 of 20

Shankar, A.; Rafnsson, S.B.; Steptoe, A. Longitudinal associations between social connections and subjective
wellbeing in the English Longitudinal Study of Ageing. Psychol. Health 2014, 30, 686–698. [CrossRef]
[PubMed]
Chan, A.; Malhotra, C.; Malhotra, R.; Ostbye, T. Living arrangements, social networks and depressive
symptoms among older men and women in Singapore. Int. J. Geriatr. Psychiatry 2011, 26, 630–639. [CrossRef]
[PubMed]
Chao, S.F. Assessing social support and depressive symptoms in older Chinese adults: A longitudinal
perspective. Aging Ment. Health 2011, 15, 765–774. [CrossRef] [PubMed]
Diener, E.; Seligman, M.E.P. Very happy people. Psychol. Sci. 2002, 13, 81–84. [CrossRef] [PubMed]
Helliwell, J.F.; Putnam, R.D. The social context of well-being. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2004, 359,
1435–1446. [CrossRef] [PubMed]
Lee, G.R.; Ishii-Kuntz, M. Social interaction, loneliness, and emotional well-being among the elderly.
Res. Aging 1987, 9, 459–482. [CrossRef] [PubMed]
Lelkes, O. Social participation and social isolation. In Income and Living Conditions in Europe; Atkinson, A.B.,
Marlier, E., Eds.; Publications Office of the European Union: Luxembourg, 2010; pp. 217–239,
ISBN 978-92-79-16351-7.
Nezlek, J.B.; Richardson, D.S.; Green, L.R.; Schatten-Jones, E.C. Psychological well-being and day-to-day
social interaction among older adults. Pers. Relatsh. 2002, 9, 57–71. [CrossRef]
Pichler, F. Subjective quality of life of young Europeans. Feeling happy but who knows why? Soc. Indic. Res.
2006, 75, 419–444. [CrossRef]
Teo, A.R.; Choi, H.; Andrea, S.B.; Valenstein, M.; Newsom, J.T.; Dobscha, S.K.; Zivin, K. Does mode of contact
with different types of social relationships predict depression in older adults? Evidence from a nationally
representative survey. J. Am. Geriatr. Soc. 2015, 63, 2014–2022. [CrossRef] [PubMed]
Durcan, D.; Bell, R. Reducing Social Isolation across the Lifecourse; Public Health England: London, UK, 2015.
Hartig, T.; Mitchell, R.; de Vries, S.; Frumkin, H. Nature and health. Ann. Rev. Public Health 2014, 35, 207–228.
[CrossRef] [PubMed]
Ward Thompson, C.; Aspinall, P.; Roe, J.; Robertson, L.; Miller, D. Mitigating stress and supporting health in
deprived urban communities: The importance of green space and the social environment. Int. J. Environ. Res.
Public Health 2016, 13, 440. [CrossRef] [PubMed]
Beyer, K.M.M.; Kaltenbach, A.; Szabo, A.; Bogar, S.; Nieto, F.; Malecki, K.M. Exposure to neighbourhood
green space and mental health: Evidence from the survey of the health of Wisconsin. Int. J. Environ. Res.
Public Health 2014, 11, 3453–3472. [CrossRef] [PubMed]
De Vries, S.; ten Have, M.; van Dorsselaer, S.; van Wezep, M.; Hermans, T.; de Graaf, R. Local availability of
green and blue space and prevalence of common mental disorders in The Netherlands. Br. J. Psychiatry 2016,
2, 366–372. [CrossRef] [PubMed]
MacKerron, G.; Mourato, S. Happiness is greater in natural environments. Glob. Environ. Chang. 2013, 23,
992–1000. [CrossRef]
McMahan, E.A.; Estes, D. The effect of contact with natural environments on positive and negative affect:
A meta-analysis. J. Posit. Psychol. 2015, 10, 507–519. [CrossRef]
Taylor, M.S.; Wheeler, B.W.; White, M.P.; Economou, T.; Osborne, N.J. Urban street tree density and
antidepressant prescription rates—A cross-sectional study in London, UK. Landsc. Urban Plan. 2015,
136, 174–179. [CrossRef]
White, M.P.; Pahl, S.; Wheeler, B.W.; Depledge, M.H.; Fleming, L.E. Natural environments and subjective
wellbeing: Different types of exposure are associated with different aspects of wellbeing. Health Place 2017,
45, 77–84. [CrossRef] [PubMed]
Alcock, I.; White, M.P.; Wheeler, B.W.; Fleming, L.E.; Depledge, M.H. Longitudinal effects on mental health
of moving to a greener and less green urban areas. Environ. Sci. Technol. 2014, 48, 1247–1255. [CrossRef]
[PubMed]
White, M.P.; Alcock, I.; Wheeler, B.W.; Depledge, M.H. Would you be happier living in a greener area?
A fixed-effects analysis of panel data. Psychol. Sci. 2013, 24, 920–928. [CrossRef] [PubMed]
Ozbay, F.; Johnson, D.C.; Dimoulas, E.; Morgan, C.A.; Charney, D.; Southwick, S. Social support and resilience
to stress: From neurobiology to clinical practice. Psychiatry 2007, 4, 35–40. [CrossRef] [PubMed]

Int. J. Environ. Res. Public Health 2018, 15, 1238

55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.

17 of 20

Ulrich, R.S.; Simons, R.F.; Losito, B.D.; Fiorito, E.; Miles, M.A.; Zelson, M. Stress recovery during exposure to
natural and urban environments. J. Environ. Psychol. 1991, 11, 201–230. [CrossRef]
Baumeister, R.F.; DeWall, N.C.; Ciarocco, N.J.; Twenge, J.M. Social exclusion impairs self-regulation.
J. Personal. Soc. Psychol. 2005, 88, 589–604. [CrossRef] [PubMed]
Hartig, T.; Evans, G.W.; Jamner, L.; Davis, D.S.; Garling, T. Tracking restoration in natural and urban field
settings. J. Environ. Psychol. 2003, 23, 109–123. [CrossRef]
Arbuckle, T.Y.; Gold, D.P.; Andres, D.; Schwartzman, A.E.; Chaikelson, J. The role of psychosocial context, age
and intelligence in memory performance of older men. Psychol. Aging 1992, 7, 25–36. [CrossRef] [PubMed]
Berman, M.G.; Jonides, J.; Kaplan, S. The cognitive benefits of interacting with nature. Psychol. Sci. 2008, 19,
1207–1212. [CrossRef] [PubMed]
Bassuk, S.S.; Glass, T.A.; Berkman, L.F. Social disengagement and incident cognitive decline in
community-dwelling elderly persons. Ann. Intern. Med. 1999, 131, 165–173. [CrossRef] [PubMed]
Cassarino, M.; Setti, A. Environment as ‘Brain Training’: A review of geographical and physical
environmental influences on cognitive ageing. Ageing Res. Rev. 2015, 23, 167–182. [CrossRef] [PubMed]
Bratman, G.N.; Hamilton, J.P.; Hahn, K.S.; Daily, G.C.; Gross, J.J. Nature experience reduces rumination and
subgenual prefrontal cortex activation. Proc. Natl. Acad. Sci. USA 2015, 112, 8567–8572. [CrossRef] [PubMed]
Nolen-Hoeksema, S.; Parker, L.E.; Larson, J. Ruminative coping with depressed mood following loss.
J. Personal. Soc. Psychol. 1994, 67, 92–104. [CrossRef]
Eisenberger, N. The neural bases of social pain: Evidence for shared representations with physical pain.
Psychosom. Med. 2012, 74, 126–135. [CrossRef] [PubMed]
Tanja-Dijkstra, K.; Pahl, S.; White, M.P.; Auvray, M.; Stone, R.J.; Andrade, J.; May, J.; Mills, I.; Moles, D.R.
The soothing seas: A virtual coastal walk can reduce experienced and recollected pain. Environ. Behav. 2017.
[CrossRef]
Krach, S.; Paulus, F.M.; Bodden, M.; Kircher, T. The rewarding nature of social interactions. Front. Behav.
Neurosci. 2010, 4, 22. [CrossRef] [PubMed]
McIntyre, C.W.; Watson, D.; Clark, L.A.; Cross, S.E. The effect of induced social interaction on positive and
negative affect. Bull. Psychon. Soc. 1991, 29, 67–70. [CrossRef]
Nisbet, E.K.; Zelenski, J.M. Underestimating nearby nature: Affective forecasting errors obscure the happy
path to sustainability. Psychol. Sci. 2011, 22, 1101–1106. [CrossRef] [PubMed]
Leary, M.R. Sociometer theory and the pursuit of relational value: Getting to the root of self-esteem. Eur. Rev.
Soc. Psychol. 2005, 16, 75–111. [CrossRef]
Pretty, J.; Peacock, J.; Sellens, M.; Griffin, M. The mental and physical health outcomes of green exercise.
Int. J. Environ. Health Res. 2005, 15, 319–337. [CrossRef] [PubMed]
Kuo, F.E.; Sullivan, W.C. Aggression and violence in the inner city. Environ. Behav. 2001, 33, 543–571.
[CrossRef]
Leary, M.R.; Twenge, J.M.; Quinlivan, E. Interpersonal rejection as a determinant of anger and aggression.
Personal. Soc. Psychol. Rev. 2006, 10, 111–132. [CrossRef] [PubMed]
Umberson, D.; Montez, J.K. Social relationships and health: A flashpoint for health policy. J. Health Soc. Behav.
2010, 51, S54–S66. [CrossRef] [PubMed]
Walton, G.M.; Cohen, G.L.; Cwir, D.; Spencer, S.J. Mere belonging: The power of social connections. J. Personal.
Soc. Psychol. 2012, 102, 513–532. [CrossRef] [PubMed]
Deci, E.L.; Ryan, R.M. The “what” and “why” of goal pursuits: Human needs and the self-determination of
behavior. Psychol. Inq. 2000, 11, 227–268. [CrossRef]
Kellert, S.R.; Wilson, E.O. The Biophilia Hypothesis; Island Press: Washington, DC, USA, 1993;
ISBN 978-1-55963-147-1.
Piff, P.K.; Dietze, P.; Feinberg, M.; Stancato, D.M.; Keltner, D. Awe, the small self, and prosocial behavior.
J. Personal. Soc. Psychol. 2015, 108, 883–899. [CrossRef] [PubMed]
Weinstein, N.; Przybylski, A.K.; Ryan, R.M. Can nature make us more caring? Effects of immersion in nature
on intrinsic aspirations and generosity. Personal. Soc. Psychol. Bull. 2009, 35, 1315–1329. [CrossRef] [PubMed]
Zelenski, J.M.; Dopko, R.L.; Capaldi, C.A. Cooperation is in our nature: Nature exposure may promote
cooperative and environmentally sustainable behavior. J. Environ. Psychol. 2015, 42, 24–31. [CrossRef]

Int. J. Environ. Res. Public Health 2018, 15, 1238

80.
81.
82.
83.
84.
85.
86.
87.
88.
89.

90.
91.
92.
93.
94.

95.
96.
97.

98.
99.
100.
101.

102.

103.

18 of 20

Zhang, J.W.; Piff, P.K.; Iyer, R.; Koleva, S.; Keltner, D. An occasion for unselfing: Beautiful nature leads to
prosociality. J. Environ. Psychol. 2014, 37, 61–72. [CrossRef]
Arnocky, S.; Stroink, M.L.; DeCicco, T. Self-construal predicts environmental concern, cooperation, and
conservation. J. Environ. Psychol. 2007, 27, 255–264. [CrossRef]
Davis, A.C.; Stroink, M.L. Within-culture differences in self-construal, environmental concern, and
proenvironmental behaviour. Ecopsychology 2016, 8, 64–73. [CrossRef]
Markowitz, E.M.; Goldberg, L.R.; Ashton, M.C.; Lee, K. Profiling the “pro-environmental individual”:
A personality perspective. J. Personal. 2012, 80, 81–111. [CrossRef] [PubMed]
Tam, K.-P. Dispositional empathy with nature. J. Environ. Psychol. 2013, 35, 92–104. [CrossRef]
Tam, K.-P. Concepts and measures related to connection to nature: Similarities and differences.
J. Environ. Psychol. 2013, 34, 64–78. [CrossRef]
Maslow, A.H. A theory of human motivation. Psychol. Rev. 1943, 50, 370–396. [CrossRef]
Staats, H.; Hartig, T. Alone or with a friend: A social context for psychological restoration and environmental
preferences. J. Environ. Psychol. 2004, 24, 199–211. [CrossRef]
Johansson, M.; Hartig, T.; Staats, H. Psychological benefits of walking: Moderation by company and outdoor
environment. Appl. Psychol. Health Well-Being 2011, 3, 261–280. [CrossRef]
Brown, S.C.; Perrino, T.; Lombard, J.; Wang, K.; Toro, M.; Rundek, T.; Gutierrez, C.M.; Dong, C.;
Plater-Zyberk, E.; Nardi, M.I.; et al. Health disparities in the relationship of neighborhood greenness
to mental health outcomes in 249,405 U.S. Medicare beneficiaries. Int. J. Environ. Res. Public Health 2018, 15,
430. [CrossRef]
Kuo, F.E. Coping with poverty: Impacts of environment and attention in the inner city. Environ. Behav. 2001,
33, 5–34. [CrossRef]
Lachowycz, K.; Jones, A.P. Does walking explain associations between access to greenspace and lower
mortality? Soc. Sci. Med. 2014, 107, 9–17. [CrossRef] [PubMed]
Leather, P.; Pyrgas, M.; Beale, D.; Lawrence, C. Windows in the workplace, sunlight, view, and occupational
stress. Environ. Behav. 1998, 30, 739–762. [CrossRef]
Maas, J.; Verheij, R.A.; de Vries, S.; Spreeuwenberg, P.; Schellevis, F.G.; Groenewegen, P.P. Morbidity is related
to a green living environment. J. Epidemiol. Community Health 2009, 63, 967–973. [CrossRef] [PubMed]
Ottosson, J.; Grahn, P. The role of natural settings in crisis rehabilitation: How does the level of crisis
influence the response to experiences of nature with regard to measures of rehabilitation? Landsc. Res. 2008,
33, 51–70. [CrossRef]
Wells, N.M.; Evans, G.W. Nearby nature: A buffer of life and stress among rural children. Environ. Behav.
2003, 35, 311–330. [CrossRef]
Van den Berg, A.E.; Maas, J.; Verheij, R.A.; Groenewegen, P.P. Green space as a buffer between stressful life
events and health. Soc. Sci. Med. 2010, 70, 1203–1210. [CrossRef] [PubMed]
Lederbogen, F.; Kirsch, P.; Haddad, L.; Streit, F.; Tost, H.; Schuch, P.; Wust, S.; Pruessner, J.C.; Rietschel, M.;
Deuschle, M.; et al. City living and urban upbringing affect neural social stress processing in humans. Nature
2011, 474, 498–501. [CrossRef] [PubMed]
Mitchell, R.J.; Richardson, E.A.; Shortt, N.K.; Pearce, J.R. Neighborhood environments and socioeconomic
inequalities in mental well-being. Am. J. Prev. Med. 2015, 49, 80–84. [CrossRef] [PubMed]
Malhotra, N. Completion time and response order effects in web surveys. Public Opin. Q. 2008, 72, 914–934.
[CrossRef]
Leys, C.; Klein, O.; Bernard, B.; Licata, L. Detecting outliers: Do not use standard deviation around the mean,
use absolute deviation around the median. J. Exp. Soc. Psychol. 2013, 49, 764–766. [CrossRef]
Bech, P.; Olsen, L.R.; Kjoller, M.; Rasmussen, N.K. Measuring well-being rather than the absence of distress
symptoms: A comparison of the SF-36 Mental Health subscale and the WHO-Five well-being scale. Int. J.
Methods Psychiatr. Res. 2003, 12, 85–91. [CrossRef] [PubMed]
Blom, E.H.; Bech, P.; Hogberg, G.; Larsson, J.O.; Serlachius, E. Screening for depressed mood in an adolescent
psychiatric context by brief self-assessment scales—Testing psychometric validity of WHO-5 and BDI-6
indices by latent trait analyses. Health Qual. Life Outcomes 2012, 11, 149. [CrossRef] [PubMed]
Hall, T.; Krahn, G.L.; Horner-Johnson, W.; Lamb, G. Examining functional content in widely used
Health-Related Quality of Life scales. Rehabil. Psychol. 2011, 56, 94–99. [CrossRef] [PubMed]

Int. J. Environ. Res. Public Health 2018, 15, 1238

19 of 20

104. Lowe, B.; Spitzer, R.L.; Grafe, K.; Kroenke, K.; Quenter, A.; Zipfel, S.; Buchholz, C.; Witte, S.; Herzog, W.
Comparative validity of three screening questionnaires for DSM-IV depressive disorders and physicians’
diagnoses. J. Affect. Disord. 2004, 78, 131–140. [CrossRef]
105. Topp, C.W.; Soren, D.O.; Sondergaard, S.; Bech, P. The WHO-5 Well-Being Index: A systematic review of the
literature. Psychother. Psychosom. 2015, 84, 167–176. [CrossRef] [PubMed]
106. European Commission. 2015 Module on Social and Cultural Participation and Material Deprivation
(Guidelines and Questionnaire). Available online: http://ec.europa.eu/eurostat/documents/1012329/
6071326/2015_Module_Participation_material_deprivation.pdf (accessed on 16 February 2018).
107. Office for National Statistics (ONS). Measuring Social Capital. Available online: http://www.ons.gov.uk/
ons/dcp171766_371693.pdf (accessed on 16 February 2018).
108. Natural England. Monitor of Engagement with the Natural Environment: Technical Report to the 2009–2016
Surveys; Natural England: York, UK, 2017; ISBN 978-1-78354-421-9.
109. Gidlof-Gunnarsson, A.; Ohrstrom, E. Noise and well-being in urban residential environments: The potential
role of perceived availability to nearby green areas. Landsc. Urban Plan. 2007, 83, 115–126. [CrossRef]
110. Kaplan, R. The nature of the view from home: Psychological benefits. Environ. Behav. 2001, 33, 507–542.
[CrossRef]
111. Cox, D.T.C.; Shanahan, D.F.; Hudson, H.L.; Plummer, K.E.; Siriwardena, G.M.; Fuller, R.A.; Anderson, K.;
Hancock, S.; Gaston, K.J. Doses of neighbourhood nature: The benefits for mental health of living with
nature. BioScience 2017, 67, 147–155. [CrossRef]
112. Friedman, H.S.; Kern, M.L.; Reynolds, C.A. Personality and health, subjective well-being, and longevity.
J. Personal. 2010, 78, 179–216. [CrossRef] [PubMed]
113. Hughes, M.; Gove, W.R. Living alone, social integration, and mental health. Am. J. Soc. 1981, 87, 48–74.
[CrossRef]
114. Gosling, S.D.; Rentfrow, P.J.; Swann, W.B., Jr. A very brief measure of the Big-Five personality domains.
J. Res. Personal. 2003, 37, 504–528. [CrossRef]
115. Costa, P.T.; McCrae, R.R. Influence of extraversion and neuroticism on subjective well-being: Happy and
unhappy people. J. Personal. Soc. Psychol. 1980, 38, 668–678. [CrossRef]
116. Lee, R.M.; Dean, B.L.; Jung, K.-R. Social connectedness, extraversion, and subjective well-being: Testing a
mediation model. Personal. Individ. Differ. 2008, 45, 414–419. [CrossRef]
117. Nisbet, E.K.; Zelenski, J.M.; Murphy, S.A. The Nature Relatedness Scale: Linking individuals’ connection
with nature to environmental concern and behavior. Environ. Behav. 2009, 41, 715–740. [CrossRef]
118. IBM SPSS Statistics for Windows, Version 24; IBM Corp.: Armonk, NY, USA, 2016.
119. Cohen, J.; Cohen, P.; West, S.G.; Aiken, L.S. Applied Multiple Regression/Correlation Analysis for the Behavioral
Sciences, 3rd ed.; Lawrence Erlbaum Associates: Mahwah, NJ, USA, 2003; ISBN 978-0805822236.
120. Bourassa, S.C. A paradigm for landscape aesthetics. Environ. Behav. 1990, 22, 787–812. [CrossRef]
121. Joye, Y.; van den Berg, A. Is love for green in our genes? A critical analysis of evolutionary assumptions in
restorative environments research. Urban For. Urban Green. 2011, 10, 261–268. [CrossRef]
122. Flowers, E.P.; Freeman, P.; Gladwell, V.F. A cross-sectional study examining predictors of visit frequency
to local green space and the impact this has on physical activity levels. BMC Public Health 2016, 16, 420.
[CrossRef] [PubMed]
123. White, M.P.; Elliott, L.R.; Taylor, T.; Wheeler, B.W.; Spencer, A.; Bone, A.; Depledge, M.H.; Fleming, L.E.
Recreational physical activity in natural environments and implications for health: A population based
cross-sectional study in England. Prev. Med. 2016, 91, 383–388. [CrossRef] [PubMed]
124. Frumkin, H.; Bratman, G.N.; Breslow, S.J.; Cochran, B.; Kahn, P.H.; Lawler, J.J.; Levin, P.S.; Tandon, P.S.;
Varanasi, U.; Wolf, K.L.; et al. Nature contact and human health: A research agenda. Environ. Health Perspect.
2017, 125, 075001:1–075001:18. [CrossRef] [PubMed]
125. Salmon, P. Effects of physical exercise on anxiety, depression, and sensitivity to stress: A unifying theory.
Clin. Psychol. Rev. 2001, 21, 33–61. [CrossRef]
126. Boyd, F.; White, M.P.; Bell, S.; Burt, J. Who doesn’t visit natural environments for recreation and why:
A population representative analysis of spatial, individual and temporal factors among adults in England.
Landsc. Urban Plan. 2018, 175, 102–113. [CrossRef]

Int. J. Environ. Res. Public Health 2018, 15, 1238

20 of 20

127. Ward Thompson, C.; Aspinall, P.A. Natural environments and their impact on activity, health, and quality of
life. Appl. Psychol. Health Well-Being 2011, 3, 230–260. [CrossRef]
128. Gallie, D.; Paugam, S.; Jacobs, S. Unemployment, poverty and social isolation: Is there a vicious circle of
social exclusion? Eur. Soc. 2003, 5, 1–32. [CrossRef]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

