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Abstract: The study investigated if rurality, area deprivation, access to outside space (Study 1), and
frequency of visiting and duration in green space (Study 2) are associated with mental health during
the COVID-19 pandemic and examined if individual demographics (age, gender, COVID-19 shielding
status) and illness beliefs have a direct association with mental health during the COVID-19 pandemic.
A serial, weekly, nationally representative, cross-sectional, observational study of randomly selected
adults was conducted in Scotland during June and July 2020. If available, validated instruments were
used to measure psychological distress, individual demographics, illness beliefs, and the following
characteristics: Rurality, area deprivation, access to residential outside space, frequency of visiting,
and duration in green space. Simple linear regressions followed by examination of moderation effect
were conducted. There were 2969 participants in Study 1, of which 1765 (59.6%) were female, 349
(11.9%) were in the shielding category, and the median age was 54 years. There were 502 participants
in Study 2, of which 295 (58.60%) were female, 58 (11.6%) were in shielding category, and the median
age was 53 years. Direct effects showed that psychological distress was worse if participants reported
the following: Urban, in a deprived area, no access to or sharing residential outside space, fewer
visits to green space (environment), younger, female, in the shielding category (demographics),
worse illness (COVID-19) representations, and greater threat perception (illness beliefs). Moderation
analyses showed that environmental factors amplified the direct effects of the individual factors on
psychological distress. This study offers pointers for public health and for environmental planning,
design, and management, including housing design and public open space provision and regulation.

Keywords: COVID-19; environment; place; rural; urban; area deprivation; green space; mental
health; pandemic

1. Introduction

During the COVID-19 pandemic, governments have introduced legislation and guide-
lines to prevent the spread of the coronavirus, which have restricted movement and social
interactions and have frequently confined people within small geographical areas. Prior
to the pandemic, various indices of the environment have been associated with mental
health [1,2]. Hence, one might expect relationships between the environment and mental
health to be particularly salient during the current pandemic. Environment is a concept
with several definitions and dimensions [3], including rurality, area deprivation, residential

Int. J. Environ. Res. Public Health 2021, 18, 3869. https://doi.org/10.3390/ijerph18083869 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0003-0124-4827
https://orcid.org/0000-0002-9563-0026
https://doi.org/10.3390/ijerph18083869
https://doi.org/10.3390/ijerph18083869
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18083869
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/1660-4601/18/8/3869?type=check_update&version=1


Int. J. Environ. Res. Public Health 2021, 18, 3869 2 of 17

outside space, and green and natural environments. However, there are other factors
related to mental health that may also be important in the context of the pandemic.

There is ample evidence that individual demographic factors are related to mental
health. During the COVID-19 pandemic, for instance, women have consistently reported
more anxiety and depression than men and young people have reported greater anxiety
than older people [4–6]. In addition, illness beliefs have been associated with mental health
during the current pandemic. A growing number of studies have used the concept of risk
perception to understand the effects of the pandemic on mental health [6–10]. These studies
have shown that different dimensions of the construct risk perception are associated with
mental health. Other beliefs, such as beliefs about the illness COVID-19, have also been
found to be associated with mental health during the pandemic [6], which is consistent with
the substantial body of empirical work based on the Common Sense Self-Regulation Model
(CS-SRM) [11] and with the CS-SRM as theoretically conceived [12]. CS-SRM proposes
that people construct representations of a health threat, which help them make sense of
their experiences and provides a basis for their own coping responses. Beliefs about illness
are central to the model and incorporate five key components: Beliefs about the nature
(identity), time-course (timeline), personal impact (consequences), causal factors (cause),
and feasibility of control or cure (control/cure) of the illness

It is conceivable that different environments would amplify the effects of these in-
dividual demographic factors and illness beliefs on mental health during the COVID-19
pandemic. Systematic reviews have concluded that characteristics of the environment are
associated with depressive mood and psychological distress [13,14]. Associations have
been found between area deprivation and death by suicide, anxiety, and depression [15–17],
but other studies have suggested that this can be explained by individual (e.g., age, gender,
marital status) rather than environmental factors [17,18]. Systematic reviews and meta-
analyses have highlighted differences between people living in rural and urban areas for
depression and psychiatric disorders, with some studies showing that mental health is
worse in urban compared to rural areas and other studies suggesting the opposite [19,20].
The availability of green space might be one important factor in explaining urban-rural
differences in mental health [21] and the link between area deprivation and stress [22,23].
Several theoretical hypotheses that have been proposed to explain how exposure to the
natural environment may impact mental wellbeing [24,25]. These include a suggestion
that humans have an innate evolutionary connection to the natural environment such that
any exposure to it will reduce levels of stress and improve mood (“biophilia hypothe-
sis”) [26,27] and a conceptualization of natural places as ‘restorative environments’ that
mediate the negative effects of stress (“psycho-evolutionary stress reduction theory”) [28].

A pre-pandemic study found that people spending ≥120 min per week in natural
environments reported good health and well-being compared to people with no contact
with nature and that positive associations peaked at between 200–300 min per week with
no further gain [29]. The extent to which people use green space during the pandemic
may have changed due to the temporary closure of parks and golf courses and restrictions
on travel and opportunities to meet with others. Nonetheless, uncertainties about the
influence of environmental factors on mental health remain [30]. For example, a systematic
review of urban green space exposure reported mixed results with associations found
between green space and mood but not for depression and stress [31].

Taken together, the above body of work calls for the examination of the impact of
environment both directly and in moderating individual demographic and psychological
factors that are associated with mental health during pandemics. The research may be
useful to health care planners by highlighting which modifiable environmental factors
could be used to improve mental health during pandemics. To date, there are few studies
about the relationship between environment and mental health in the context of pandemics,
yet home lockdown and restrictions on travel during the COVID-19 pandemic have height-
ened the importance of the environment as an aspect of people’s lives. This explains the
focus of our paper.
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An aim of the COVID-19 Health and Adherence Research in Scotland (CHARIS)
project [32] was to investigate mental health in the adult population during the COVID-
19 pandemic and to explain variations in mental health. Hence, two CHARIS studies
examined the influence of environment on mental health, which are collectively referred to
as CHARIS-E, with E signifying environment.

The aims of Study 1 and 2 were to: (a) Confirm if individual demographics (age,
gender, COVID-19 shielding status (people with specific medical conditions were identified
by clinicians as at high risk of severe illness from COVID-19 and were placed on a national
‘shielding list’ and advised to take extra precautions to reduce their risk of infection))
and illness beliefs have a direct association with mental health during the COVID-19
pandemic; (b) determine if the following environmental factors—rurality, area deprivation,
access to residential outside space (Study 1), and frequency and duration of visiting
green space (Study 2)—have a direct association with mental health during the COVID-19
pandemic; and (c) determine if any of these environmental factors moderate the relationship
between individual demographics and illness beliefs and mental health during the COVID-
19 pandemic.

2. Materials and Methods
2.1. Design

The CHARIS project was a serial, weekly, nationally representative, cross-sectional,
observational study of randomly selected adults in Scotland. CHARIS-E Study 1 draws
on data collected for 6 consecutive weeks in June and July 2020, while CHARIS-E study
2 draws on data collected for one week at the beginning of July 2020. These studies were
conducted at the point when Scotland had just come out of lockdown [33]. Key contextual
changes relevant to this study include the 5-mile restriction on travel distance being lifted
(3rd July).

Ethical approval for this study was granted by the Life Sciences and Medicine College
Ethics Review Board (CERB) at the University where the Principal Investigator for CHARIS
was employed.

2.2. Setting

Scotland has a total population of 5.4 million, 83% of whom are adults. Rural Scotland
accounts for 98% of the land mass of Scotland and nearly one-fifth of the population are
residents there [34]. Of the population, 70% live in the predominantly urban Central Belt
of Scotland. The most deprived areas are in urban areas and the West of Scotland, for
example, Glasgow city has 44.4% of the most deprived areas and Aberdeenshire the least,
with 2.6% [35]. Whereas c. 65% of Scottish adults live within a 5-minute walk of their
nearest green or blue space [36], a smaller proportion of adults in deprived areas live within
a 5-minute walk compared to adults in the least deprived areas (58% cf. 68% [37]).

2.3. Participants

All adult men and women aged 16 or older, able to speak English, and currently
living in Scotland were eligible to participate. No other exclusion criteria were applied.
The CHARIS project was administered by a commercial polling company (Ipsos MORI
Scotland) who sampled participants using random digit dialing to landlines and targeted
mobiles. Each week, 500 participants were sampled. Quotas were applied to ensure that
a representative sample of Scotland adults was achieved. Quotas were based on gender
(52% female), age, working status (42% working fulltime), and geographical locations
(distribution over the Scottish Parliament regions). A leeway on the quotas (approximately
30%) was allowed to help ensure the overall sample was achieved in a reasonable time.
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2.4. Variables and Measures
2.4.1. Psychological Distress (Study 1 and 2)

Psychological distress was measured using the 4-item Patient Health Questionnaire
(PHQ-4), which is an ultra-brief screening scale for anxiety and depression [38]. The intro-
ductory text was slightly adapted for a telephone as opposed to a written administered
survey. Participants were asked: “Over the last 2 weeks, how often have you been both-
ered by the following problems? Tell me which answer option best applies: (1) Feeling
nervous, anxious, or on edge, (2) Not being able to stop or control worrying, (3) Feeling
down, depressed, or hopeless, (4) Little interest or pleasure in doing things.” For each
item, participants were given the following response options: ‘Not at all,’ ‘several days,’
‘more than half of the days,’ and ‘nearly every day.’ The total score ranges from 0 to 12,
with categories of psychological distress (the term used by PHQ-4 to cover anxiety and
depression) being none (0–2), mild (3–5), moderate (6–8), and severe (9–12).

2.4.2. Demographic Variables (Study 1 and 2)

Three sociodemographic variables were measured: (1) Age was assessed continuously
in years, (2) gender was assessed using Office for National Statistics binary categories (male,
female) [39], (3) shielding category was assessed with the follow item: ‘At the beginning of
the pandemic, did you receive a letter or text from your GP or the NHS telling you that
you were at risk?’ There were 2 responses: ‘Yes’ or ‘no.’ We did not measure if people did
shield, just whether or not they had received a letter or text from government indicating
that they should be shielding because they have a medical condition that puts them at risk
of severe COVID-19.

2.4.3. Illness Beliefs (Study 1 and 2)

Two illness belief constructs were measured. (1) Threat perception was measured
using 2 items to assess the constructs ‘perceived severity’ and ‘perceived vulnerability’:
‘If you were ill with Covid-19 it would be serious for you;’ and ‘It is likely that you will
get Covid-19’. There were four responses, ranging from ‘strongly agree’ to ‘strongly
disagree’, with the option of responding ‘don’t know’ or ‘prefer not to say.’ In line with
the Protection Motivation Theory [40], we multiplied the measures of perceived severity
(scale 1–4) and perceived vulnerability (scale 1–4) to produce a total threat perception score
(range 1–16). (2) Illness (COVID-19) representations were measured using an adapted
brief illness perception questionnaire [41]. The brief illness perception questionnaire uses
a single statement to assess constructs from CS-SRM, indicating level of agreement with
each statement using a 4-point Likert rating scale. Beliefs about the illness COVID-19
was measured using 5 items: (1) ‘Covid-19 would have major consequences for my life’
(consequences), (2) ‘Covid-19 symptoms would last a long time’ (duration/timeline),
(3) ‘You could get Covid-19 again’ (recurrence/timeline), (4) ‘You would spend time
worrying about having Covid-19’ (emotional representation), (5) ‘Having Covid-19 would
make you feel anxious’ (emotional representation). We calculated the average of these
5 items as a total score for illness representations, with higher scores reflecting more
negative representations of COVID-19, Cronbach’s alpha = 0.81 [6].

2.4.4. Environment—Study 1

Three environment variables were measured. (1) Rurality was assessed using an 8-fold
urban/rural classification [42]. Participant postcodes were used to classify participants
as living in a rural or urban area. The classification is based on size of settlement and
drive time to settlements of 10,000 people or more and is as follows: 1 = large urban areas,
2 = other urban areas, 3 = accessible small towns, 4 = remote small towns, 5 = very remote
small towns, 6 = accessible rural areas, 7 = remote rural areas, 8 = very remote rural areas.
(2) Area deprivation was assessed using the Scottish Index of Multiple Deprivation (SIMD),
which looks at the extent to which an area is deprived across seven domains: Income,
employment, education, health, access to services, crime, and housing [43]. All 6976 data
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zones (postcodes) were grouped into 10 bands (deciles), each containing 10% of the data
zones. Decile 1 contained the 10% most deprived data zones in Scotland, and decile 10
contained the 10% least deprived data zones in Scotland. (3) Access to residential outside
space was assessed with 1 item: ‘Thinking about any outside space you may have at the
property you are currently living in (by outside space, I mean a garden, balcony, patio, etc.)
do you have access to an outside space at your property?’ There were 4 response options
which were recoded to assess outside space: The 2 responses, ‘yes a private outside space
only’ or ‘yes a private and shared outside space,’ were recoded 1, ‘yes, a shared outside
space only’ was recoded 2, and ‘No’ was re-coded 3. The higher the score, the less access to
outside space.

2.4.5. Environment—Study 2

Two variables about green space were measured. (1) Frequency of visiting green
space was measured with 1 item: ‘On how many days in the last week did you visit any
public green or open spaces, for example a park, countryside, wood, play area, canal
path, riverside or beach (private or shared garden not included)?’, with answer options
between 0 and 7 days of the week. (2) Duration of visiting green space was measured with
1 item: ‘Thinking about the days in the last week you visited public green or open spaces,
how much time, on a typical weekday visit, did you spend in these public green or open
spaces?’, with 5 answer options: ‘Up to 10 min,’ ‘11 up to 30 min,’ ‘30 min up to 1 h,’ ‘1 up
to 2 h,’ and ‘2 h or more.’ The study also included a potential covariate, namely distance
to green space, which was measured with 1 item: ‘How far away from your home is your
nearest public green or open space?’ There were 6 response options: ‘Less than a 5 min
walk,’ ‘within a 5–10 min walk,’ ‘within an 11–20 min walk,’ ‘within a 21–30 min walk,’
‘more than a 30 min walk,’ and ‘none within walking distance.’ These items were based on
access to green space indicators in the Scottish Household Survey [37].

2.5. Data Collection

Ipsos MORI administered the self-reported questionnaire by conducting telephone
interviews using Computer Aided Telephone Interviewing (CATI).

2.6. Statistical Methods

The data were analyzed using SPSS version 25.0. For all variables, the answers ‘I don’t
know’ and ‘I prefer not to say’ were treated as missing values and, therefore, excluded from
the analyses. Most data only had few missing values, which were managed by listwise
deletion of cases in any given analyses. p-values of p < 0.05 were taken as statistically
significant. To test whether the effects of the individual demographic and illness beliefs
variables on mental health were moderated by environment variables, moderation models
with Hayes’ PROCESS macro (v 3.5, model 1) [44] were used. The SPSS macro PROCESS
runs each predictor construct individually. The moderation models were tested in 2 steps.
In the first step, 2 variables were included, and the effects of demographic independent
variables or illness beliefs variables were tested with an environment moderator variable. In
the second step, the interaction term between the independent variable and the moderator
variable was entered. For the analyses, a 95% bias-corrected percentile bootstrapped
confidence interval (CI) method was used, and 5,000 bootstrap resamples were produced
for moderation examination. We employed conventional methods for plotting simple
slopes to understand moderation effects at 1 standard deviation below and above the
mean [45].

3. Results
3.1. Study 1
3.1.1. Participants

Table 1 shows that there were 2969 participants in Study 1, of which 1765 (59.6%)
were female, 349 (11.9%) had received a letter or text stating that they should be shielding,
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and the median age was 54 years. Overall, this brings all percentages within the quotas,
accounting for 30% leeway. Table 1 shows that 1757 (67%) lived in urban areas (1 and
2 classification), 350 (13.3%) lived in small towns (3–5 classification), and 515 (19.6%) lived
in rural areas (6–8 classification). In the current study, 133 participants (5.1%) lived in the
most deprived areas of Scotland, and 352 (13.4%) lived in the least deprived areas. The
overwhelming majority (91.6%) had access to private outside space. Most participants
(n = 2650; 89.3%) did not report psychological distress.

Table 1. Characteristics of people who participated in Study 1 and 2.

Study 1 Study 2
n % n %

Total n 2969 100 502 100

Demographic variables
Age (in years) Median, IQR 54 38–65 53 38–65

Gender Male 1198 40.4 206 41.1
Female 1765 59.6 295 58.9

In shielding category Yes 349 11.9 58 11.6
No 2592 88.1 442 88.4

Illness beliefs
Threat perception (range 1–16) Median, IQR 6.0 4.0–8.0 6.0 4.0–8.0

Illness (COVID-19)
representation Median, IQR 3.2 2.8–3.6 3.2 2.6–3.6

Environmental factors
Rural Urban classification 1 (large urban area) 901 34.4

2 856 32.6
3 218 8.3
4 84 3.2
5 48 1.8
6 337 12.9
7 93 3.5

8 (very remote rural area) 85 3.2

SIMD 1 (10% most deprived) 133 5.1
2 176 6.7
3 198 7.6
4 216 8.2
5 244 9.3
6 297 11.3
7 317 12.1
8 348 13.3
9 341 13.0

10 (10% least deprived) 352 13.4

Access to residential outside
space Yes, private 2254 91.6

Yes, shared only 157 6.4
No 51 2.1

Frequency visiting green space 0 (days per week) 180 35.9
1 60 12.0
2 51 10.2
3 30 6.0
4 29 5.8
5 21 4.2
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Table 1. Cont.

Study 1 Study 2
n % n %

6 18 3.6
7 (days per week) 113 22.5

Distance to green space from
home Less than a 5 min walk 284 56.7

Within a 5–10 min walk 139 27.7
Within an 11–20 min walk 52 10.4
Within a 21–30 min walk 10 2.0
More than a 30 min walk 7 1.4

None within walking
distance 9 1.8

Duration visiting green space Up to 10 min 22 6.8
11 up to 30 min 49 15.2
30 min up to 1 h 127 39.4

1 up to 2 h 86 26.7
2 h or more 38 11.8

Outcome variable
Psychological distress Median, IQR 1.0 0.0–3.0 1.0 0.0–3.0

Normal: Lower than 6 2650 89.3 444 88.8
Probable case: 6 or higher 316 10.7 56 11.2

Note: Total numbers do not always add up to 2969 and 502 due to missing data. IQR: Interquartile range. SIMD:
the Scottish Index of Multiple Deprivation.

3.1.2. Direct Effects of Individual Factors on Psychological Distress

There were significant linear associations between age and psychological distress,
with young people more psychologically distressed; gender and psychological distress,
with females more psychologically distressed; and shielding category and psychological
distress, with people who had received a letter or text stating that they should be shield-
ing being more psychologically distressed (Table 2). There were significant associations
between illness (COVID-19) representations and psychological distress and between threat
perception and psychological distress, with worse beliefs about the illness COVID-19 and
greater threat perception being associated with more psychological distress.

3.1.3. Direct Effects of Environmental Factors on Psychological Distress

There were significant linear associations between rurality and psychological distress,
with people living in more rural areas less psychologically distressed; area deprivation
and psychological distress, with people from the least deprived areas less psychologically
distressed; and access to residential outside space and psychological distress, with people
being more psychologically distressed with access to shared outside space or no outside
space compared to people with private outside space (Table 2).
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Table 2. Linear regression effects of individual demographics and illness beliefs and environmental
factors on psychological distress.

Standardised
Beta R2 p

Study 1

Individual
demographics

and illness
beliefs

Age 0.16 0.024 <0.001
Gender [Male dummy coded] 0.14 0.020 <0.001
In shielding category by the

government [Shielded dummy
coded]

0.12 0.014 <0.001

Illness (COVID-19)
representation 0.17 0.030 <0.001

Threat perception 0.13 0.017 <0.001

Environmental
factors

Rurality a 0.04 0.002 <0.05
Area deprivation b 0.13 0.016 <0.001

Access to residential outside
space 0.016 <0.001

Shared outside space 0.11 <0.001
No outside space 0.07 <0.01

Study 2

Individual
demographics

and illness
beliefs

Age 0.20 0.039 <0.001
Gender [Male dummy coded] 0.22 0.047 <0.001
In shielding category by the

government [Shielded dummy
coded]

0.17 0.028 <0.001

Illness (COVID-19)
representation 0.20 0.041 <0.001

Threat perception 0.16 0.025 <0.001
Environmental

factors
Frequency visiting green space 0.18 0.031 <0.001
Duration visiting green space 0.11 0.012 <0.06

a Eight-fold rural/urban classification. b Scottish Index of Multiple Deprivation.

3.1.4. Moderator Effects of Environment on Demographic Variables and
Psychological Distress

Rurality did not moderate the relationship between any of the three demographic
variables (age, gender, shielding category) and psychological distress (Table 3 and Figure 1).
As described above in the Methods section, we used the eight-fold rural/urban classifica-
tion. We also tested the moderator effect with the six-, three-, and two-fold rural/urban
classification [42], which also showed no moderator effects.
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Table 3. Moderation of individual demographics and illness beliefs by environmental factors.

Individual Factors

Age Gender In Shielding Category by
the Government

Illness (COVID-19)
Representation Threat Perception

Study 1:
Environ-
mental
factors

∆R2 F, p

simple
slope

−1sd, 0,
+1sd

∆R2 F,
p

simple
slope

−1sd, 0,
+1sd

∆R2 F,
p

simple
slope

−1sd, 0,
+1sd

∆R2 F,
p

simple
slope

−1sd, 0,
+1sd

∆R2 F, p

simple
slope

−1sd, 0,
+1sd

Rurality a Ns. Ns. Ns. Ns. Ns.

Area
deprivation b 0.0014 3.93,

<0.05

0.02
0.02
0.03

0.0016 4.40,
<0.05

0.96
0.74
0.51

Ns. 0.0094 25.21,
<0.001

1.03
0.64
0.26

Ns.

Access to
residential

outside space c
Ns. Ns. 0.0075 9.33,

<0.001

0.61
2.74
0.32

Ns. 0.0031 3.12,
<0.05

0.10
0.23
0.32

Study 2:
Environ-
mental
factors

Frequency
visiting green

space
Ns. Ns. 0.0128 6.78,

<0.01

0.53
1.52
2.53

Ns. Ns.

Duration
visiting green

space
Ns. Ns. 0.0263 9.07,

<0.01

3.11
1.52
0.08

Ns. Ns.

a Eight-fold rural/urban classification. b Scottish Index of Multiple Deprivation. c Reported simple slopes reflect having access to private outside space, shared outside space only, no outside space.
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Figure 1. Effects of moderations between shielding category and the environment (Study 1 and Study 2) on psychologi-
cal distress.

Area deprivation moderated some relationships between demographic independent
variables and the dependent variable, psychological distress. Area deprivation moderated
the relationship between age and psychological distress. A follow-up simple slope analysis
demonstrated that the negative association between age and psychological distress (older
people experiencing less psychological distress) was more pronounced in people from
the least deprived areas (Table 3). The association between gender and psychological
distress was also moderated by area deprivation. The follow-up simple slope analysis
demonstrated that males experiencing less psychological distress than females was more
pronounced in people from the least deprived areas. Area deprivation did not moderate
the effect of being in the group that had received a letter or text stating that they should be
shielding and psychological distress.

Access to residential outside space moderated some relationships between demo-
graphic independent variables and the dependent variable, psychological distress. The
association between age and psychological distress was not moderated by access to outside
space, nor was the association between gender and psychological distress. The association
between shielding category and psychological distress was moderated by access to shared
outside space (Table 3). The follow-up simple slope analysis demonstrated that the effect
of receiving a letter or text stating informing the participant that they were in the shielding
category on psychological distress as follows: Psychological distress was higher for people
who received the letter/text, and this effect was more pronounced for people who had
shared outside space compared to people who had access to private outside space. Further,
people who had received a letter/text did not have more psychological distress than people
who had not received a letter/text among the group who did not have any outside space
(see Table 3 and Figure 1).

3.1.5. Moderator Effects of Environment on Illness Beliefs and Psychological Distress

Rurality did not moderate the relationship between illness (COVID-19) representations
or threat perception and psychological distress.

Area deprivation moderated the association between illness (COVID-19) represen-
tations and psychological distress. The moderation explained a significant increase in
variance in psychological distress. A follow-up simple slope analysis demonstrated that
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the positive association between illness (COVID-19) representations and psychological
distress was more pronounced in more deprived areas than more affluent areas (Table 2).
The association between perceived threat and psychological distress was not moderated by
area deprivation.

Access to residential outside space did not moderate the association between illness
(COVID-19) representations and psychological distress but did moderate the association
between threat perception and psychological distress (Table 2). The follow-up simple
slope analysis demonstrated that the positive association between threat perception and
psychological distress was more pronounced for people with no outside space, followed
by people with shared space only and people with private space.

3.2. Study 2
3.2.1. Participants

Table 1 shows that there were 502 participants in Study 2, of which 295 (58.60%)
were female, 58 (11.6%) had received a letter or text stating that they were in the shielding
category, and the median age was 53 years. Accounting for the 30% leeway, the quotas were
met. Just under one-half of participants either did not visit green space or visited only once
during a week, and just over one-fifth visited green space every day of a typical week. Over
one-half were less than 5 min away from home to green space. The most common duration
of time spent in green space was 30 min to 60 min, with 39.4% of participants stating this
duration. Most participants (n = 444; 88.8%) did not report psychological distress.

3.2.2. Direct Effects of Individual Factors and on Psychological Distress

As per Study 1, there were significant linear associations between age and psychologi-
cal distress, with young people more psychologically distressed; gender and psychological
distress, with females more psychologically distressed; and receiving a letter or text in-
forming the participant that they were in the shielding category and psychological distress,
with people who had received a letter/text about shielding being more psychologically
distressed. There were also significant associations between illness (COVID-19) repre-
sentations and psychological distress and between threat perception and psychological
distress, with worse beliefs about the illness COVID-19 and greater threat perception being
associated with more psychological distress (Table 2).

3.2.3. Direct Effects of Green Space on Psychological Distress

There was a significant linear association between frequency of visiting green space
and psychological distress; visiting green space more often was associated with less psycho-
logical distress. The association between duration of visiting green space and psychological
distress was nonsignificant (Table 2).

3.2.4. Moderator Effects of Green Space on Demographic Variables and
Psychological Distress

Frequency of visiting green space did not moderate the effects of age and gender
but did moderate the effects of shielding category (Table 2 and Figure 1). The follow-up
simple slope analysis demonstrated that the association between receiving a letter or text
informing the participant that they were in the shielding category and greater psychological
distress was more pronounced in people who more frequently visited green space. In the
group of people who visited green space less frequently (1 standard deviation (SD) below
the mean), people who had received a letter/text about shielding no longer differed in
psychological distress from those who had not received a letter/text about shielding.

Duration of visiting green space did not moderate the effects of age and gender but
did moderate the effect of shielding category (Table 2 and Figure 1). The follow-up simple
slope analysis demonstrated that the association between receiving a letter/text about
shielding and greater psychological distress was more pronounced in people who visited
green space for shorter durations. In the group of people who visited green space for longer
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durations (1 SD above the mean), people who had received a letter/text about shielding
no longer differed in psychological distress from those who had not received a letter/text
about shielding.

3.2.5. Moderator Effects of Green Space on Illness Beliefs and Psychological Distress

Neither frequency nor duration of visiting green space moderated the association
between both illness (COVID-19) representations and threat perception and psychologi-
cal distress.

4. Discussion
4.1. Key Results

Whereas the interactions between individual and environmental variables were sta-
tistically significant, they explained only a little of the variance in psychological distress.
Nonetheless, in each case of statistically significant moderation, being in an area of depri-
vation, lacking private residential outside space, and being in green space worsened the
direct effects of the individual factors. Thus, these environmental factors were not only
directly associated with poorer mental health but also appeared to exacerbate the effects
of detrimental individual factors. These findings therefore suggest that environment is a
significant factor that has influenced mental health during the COVID-19 crisis. However,
this interpretation is limited by the cross-sectional nature of the data. For example, it is
also possible that people with better mental health made more use of green space.

4.2. Consistency with Other Studies and Implications

The study found that people living in urban areas had worse psychological distress
compared to people living in rural areas, thereby supporting previous pre-pandemic re-
search summarised in systematic reviews [19,20] and a study of rural and urban differences
in China during the COVID-19 pandemic [46]. However, we found no rural/urban modera-
tion effects. Mental health covers a range of definitions and mental disorders and it may be
that psychological distress, which was measured in this study, does not significantly differ
between rural and urban areas when other factors are considered, or at least does not in
Scotland during the current pandemic at the time when data were collected. Nevertheless,
research in Scotland suggests that if there are urban and rural differences in mental health
then it is likely to vary by type of mental disorder. For example, one pre-pandemic study
found no differences in schizophrenia by degree of urbanisation [47] but other studies
found higher rates of death by suicide in rural compared to urban areas [48,49]. Further
research focusing on rural and urban differences in mental health during the COVID-19
pandemic should therefore consider focusing on relevant and specific mental disorders,
i.e., where rural and urban differences are already known and are likely to be negatively
impacted by the COVID-19 crisis. In Scotland, for instance, monitoring rural and urban
differences and the impact of the COVID-19 crisis on death by suicide might be relevant.
This may be particularly important if the economic impact of the COVID-19 crisis results
in unemployment and hardship because there is a concern that the number of deaths by
suicide will increase, which could impact rural communities who already have higher
incidence of death by suicide, as well as deprived areas that are likely to bear the brunt of
an economic recession [50,51].

We found differences in psychological distress in deprived compared to affluent areas
and show that females and people with worse illness (COVID-19) representations who
live in deprived areas may have worse psychological distress during the COVID-19 crisis.
Given that there is strong evidence summarised in systematic reviews that some types of
mental health are worse in deprived areas [15–17] and other studies suggesting that mental
health during the COVID-19 crisis is worse in deprived areas [5,6] this is not surprising.

Our study suggests that one potential longer-term environmental strategy that could
be used to improve mental health during pandemics is improving access to residential
outside space. The study, for example, found that mental health was worse for people who
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shared outside space who had received a letter/text informing them that they were in the
shielding category (incidentally a group at greater risk of poor mental health due to being
in quarantine [52]) compared to those who shared an outside space who were not in the
shielding category. The results showed that the association between threat perception and
mental health was worse for people who did not have access to any residential outside
space. UK studies have suggested regional variations in access to residential outside space
and use of green space during the COVID-19 crisis [53,54]. In London, 74% of people have
access to a garden compared to 97% in Wales, closely followed by 96% of people in the
East Midlands [53]. Households with single adults living alone had the least access to
gardens (79%) during lockdown compared to households with children or with two or
more adults (91%) [53]. These differences in access to residential outdoor space may prove
significant for mental health. The importance of the immediate home environment was
found in a recent survey of 8177 students from a university institute in an Italian region
most heavily hit by COVID-19.The survey found that living in small apartments with poor
views was associated with an increased risk of moderate-severe and severe depressive
symptoms [55]. The importance of good-quality housing as a contributor to good mental
health was found in a systematic review that summarized evidence prior to the pandemic
of the relationship between building and health [56]. During the current pandemic, the
degree of access people have to outdoor space in the immediate home environment, and
whether it is private or shared is therefore important. Given the evidence that living in
urban versus rural areas and living in areas of high deprivation are associated with worse
psychological distress, those living in homes without outdoor spaces in deprived urban
areas may be particularly vulnerable, especially as these locations are also less likely to
have public green space within a 5-minute walk [36]. It is difficult in the short term to
alter the kind of residential outdoor space that people have access to in existing housing.
Therefore, longer-term strategies are needed to effectively address such issues. However,
some short-term strategies could be effective during a pandemic, such as offering private
access to shared residential space by operating a timed rotation for different households. In
some situations, it may also be possible to make adjacent areas of publicly owned outdoor
space temporarily available to single households only.

Another potential environment strategy that could be harnessed to improve mental
health during the current COVID-19 crisis is improving access to public green space. Re-
search summarized in systematic reviews suggests that adults who live in neighborhoods
with a greater quantity of green space around the residential environment report better
mental health than adults who live in less green neighborhoods [57]. Our study produces a
complex picture in relation to public green space, with greater frequency of visits support-
ing better mental health in general. However, frequently visiting green space exacerbated
the effect of being in the shielding category and worse psychological distress, whereas
there were no differences in psychological distress between people who were in and not
in the shielding category among those who did not frequently visit green space. One
possible explanation is that people in the shielding category who were frequent visitors
to green space may experience greater anxiety in public spaces compared to people not
in the shielding category because of concerns about being able to keep a 2-meter distance
from other people. Of course, if one does not frequently visit green space, then this prob-
lem of keeping a 2-meter distance is no longer relevant. Spending only a short duration
in green space also exacerbated the effect of being in the shielding category and worse
psychological distress, whereas there were no differences in psychological distress between
people who were in and not in the shielding category among those who spent a longer
in green space. This finding may reflect anxiety associated with being in a public space
for people in the shielding category, who might only make short visits because of fear
of not being able to adequately distance from other members of the public. Closure of
some parks and restrictions on movement might have exacerbated potential problems of
crowding and contributed to poorer mental health outcomes during the pandemic [58],
particularly for those with no residential outside space. A recent survey found that half
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of people in London visited a park or public green space in the past 7 days during April
2020, which was well above the average of 34% across Britain [53]. However, data from
a UK-wide survey undertaken under lockdown at the end of April 2020 and in Scotland
from 29 May–5 June 2020 [59] showed similar patterns: More people reduced the time
spent outdoors or in green space than increased time there while under lockdown [60]. The
most marked reduction in time spent in green and open spaces was among older people,
who may be likely to perceive themselves most vulnerable to COVID-19. Nonetheless,
the majority of participants (63–65%) reported that green and open space benefitted their
mental health during the lockdown period, and this was slightly more likely for females
and young adults (25 to 44 years old) and those of a higher socioeconomic grade. Our
study was undertaken later on, in early July, when Scotland was undergoing a phased
lifting of restrictions on movement. Although 84% of our sample had public green space
within a 5–10-minute walk, nearly 36% had not visited green space in the previous week.
Given the association with reduced psychological distress for frequency of green space
visits, maintaining public open space access during the pandemic is clearly important.
Moreover, facilitating its safe use by those in the shielding category, e.g., by having well-
managed physical distancing measures enforced, could be an important contribution to
mental wellbeing.

4.3. Limitations

Current findings should be interpreted in light of key limitations. The study shows
that environment exaggerated the effect of some demographics and illness beliefs on mental
health, thereby offering some explanation for the widening health inequalities apparent
during COVID-19 and possible opportunities for ameliorating these effects during the
current and any future pandemics. Nonetheless, we did not include the full breadth of
demographic factors, for example, employment status and social-economic status. The en-
vironment only explained a small amount of the variance in mental health, and much of the
variance in mental health remains unexplained. Second, the current study used only a brief
timeframe to measure associations between environment and mental health. Whether envi-
ronment can attenuate the effects of the COVID-19 pandemic on mental health in the longer
term cannot be deduced and merits further investigation. Third, the use of a cross-sectional
design precludes the inference of causal effects among the variables. Inferences about
relationships between the variables are therefore premised on theoretical suppositions and
previous empirical evidence and cannot be inferred from the actual study data. Hence,
prospective, longitudinal studies and, where feasible, randomized experiments, are needed
to examine the potential causal effects of environment on mental health during pandemics.
Related to this point, we did not examine mechanisms to explain environmental differ-
ences and mental health. Future research should consider measuring proposed potential
mechanisms such as the effect of environment on mood and recovery from stress [61] and
environment effects on social support and interpersonal relationships [62,63]. Both of these
potential mechanisms may be pertinent in pandemics due to the effects of communicable
disease on stress and on restrictions on social interactions to reduce transmission of the
infection. Fourth, while objectives measures of rurality and area deprivation were used,
we measured perceptions of distance to green space rather than objective measurement.
There is (Scottish) evidence that there is limited agreement between perceived and objective
measures of distance to green space. How people perceived distance to green space during
the pandemic seemed particularly relevant to understanding the effects of access to green
space on mental health. Nonetheless, future studies should consider the utility of objective
measurements of access to green space [64].

5. Conclusions

Environment is important for mental health. This has implications both for public
health and for environmental planning, design, and management, including housing design
and public open space provision and regulation. Opportunities exist for supporting mental
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health by encouraging the use of existing residential outside space and public green space
and facilitating safe use, even for those in the shielding category. Future research about
mental health during the current COVID-19 crisis should include the environment as a
key concept in conceptual models. A multidisciplinary approach should be used to inform
public mental health strategies and research to bring psychological and environmental
insights about mental health during pandemics.

Author Contributions: Conceptualization, G.H., C.d.D., M.J., D.D.; methodology, G.H., C.d.D., M.J.,
P.M., C.W.T., D.D.; formal analysis, C.d.D.; writing—review and editing, G.H., C.d.D., M.J., D.D.,
C.W.T., P.M.; funding acquisition, G.H., C.d.D., M.J., D.D., P.M. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by Chief Scientist Office, Scotland.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of Life Sciences and Medicine
College Ethics Review Board (CERB) at the University of Aberdeen (CERB/2020/5/1942).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author. The data are not currently publicly available due to the research team
still publishing from these data.

Acknowledgments: CHARIS is supported by the following consortium of behavioural scientists,
psychologists and social scientists in Scotland: Julia Allan, University of Aberdeen; Michelle Beattie,
University of the Highlands and Islands; Mioara Cristea, Heriot-Watt University; Alice Davis, The
Institute of Occupational Medicine; Fiona Dobbie, University of Edinburgh; Niamh Fitzgerald,
University of Stirling; Leanne Fleming, University of Strathclyde; Barbara Farquharson, University
of Stirling; Liz Forbat, University of Stirling, Trish Gorely, University of the Highlands and Islands;
Cindy Gray, University of Glasgow; Mark Grindle, University of the Highlands and Islands; Eileen
Harkess-Murphy, University of the West of Scotland; Bianca Hatin, University of the West of Scotland,
Kate Hunt, University of Stirling; Robin Ion, University of the West of Scotland; Lisa Kidd, University
of Glasgow; Terry Lansdown, Heriot-Watt University; Leah Macaden, University of the Highlands
and Islands; Wendy Maltinsky, University of Stirling; Stewart Mercer, University of Edinburgh; Sarah-
Anne Munoz, University of the Highlands and Islands; Ronan O’Carroll, University of Stirling; Kate
O’Donnell, University of Glasgow; Gozde Ozakinci, University of St Andrews; Amanda Pitkethly,
Edinburgh Napier University; Kate Reid, University of Glasgow; Sean Semple, University of Stirling;
Dina Sidhva, University of the West of Scotland; Martine Stead, University of Stirling; Mary E Stewart,
Heriot-Watt University; Debbie Tolson, University of the West of Scotland; Sally Wyke, University
of Glasgow.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bratman, G.N.; Anderson, C.B.; Berman, M.G.; Cochran, B.; de Vries, S.; Flanders, J.; Folke, C.; Frumkin, H.; Gross, J.J.; Hartig, T.;

et al. Nature and mental health: An ecosystem service perspective. Sci. Adv. 2019, 5, eaax0903. [CrossRef] [PubMed]
2. Singh, A.; Daniel, L.; Baker, E.; Bentley, R. Housing Disadvantage and Poor Mental Health: A Systematic Review. Am. J. Prev.

Med. 2019, 57, 262–272. [CrossRef] [PubMed]
3. Hollands, G.J.; Bignardi, G.; Johnston, M.; Kelly, M.P.; Ogilvie, D.; Petticrew, M.; Prestwich, A.; Shemilt, I.; Sutton, S.; Marteau, T.M.

The TIPPME intervention typology for changing environments to change behaviour. Nat. Hum. Behav. 2017, 1, 140. [CrossRef]
4. Office for National Statistics. Coronavirus and the Social Impacts on Great Britain: 22 May 2020; ONS: London, UK, 2020.
5. Public Health Wales. How Are We Doing in Wales? How Deprivation, Age and Gender Make a Difference to the Impacts of

Coronavirus. Available online: https://phw.nhs.wales/topics/latest-information-on-novel-coronavirus-covid-19/how-are-
you-doing/weekly-hayd-reports/how-are-we-doing-by-demographics-report/ (accessed on 23 July 2020).

6. Hubbard, G.; den Daas, C.; Johnston, M.; Dixon, D. Sociodemographic and psychological risk factors for anxiety and depression:
Findings from the Covid-19 Health and Adherence Research in on Mental Health (CHARIS-MH) Cross-sectional Survey. Int. J.
Behav. Med. 2021. [CrossRef]

7. Wang, C.; Pan, R.; Wan, X.; Tan, Y.; Xu, L.; Ho, C.S.; Ho, R.C. Immediate Psychological Responses and Associated Factors during
the Initial Stage of the 2019 Coronavirus Disease (COVID-19) Epidemic among the General Population in China. Int. J. Environ.
Res. Public Health 2020, 17, 1729. [CrossRef]

http://doi.org/10.1126/sciadv.aax0903
http://www.ncbi.nlm.nih.gov/pubmed/31355340
http://doi.org/10.1016/j.amepre.2019.03.018
http://www.ncbi.nlm.nih.gov/pubmed/31326010
http://doi.org/10.1038/s41562-017-0140
https://phw.nhs.wales/topics/latest-information-on-novel-coronavirus-covid-19/how-are-you-doing/weekly-hayd-reports/how-are-we-doing-by-demographics-report/
https://phw.nhs.wales/topics/latest-information-on-novel-coronavirus-covid-19/how-are-you-doing/weekly-hayd-reports/how-are-we-doing-by-demographics-report/
http://doi.org/10.1007/s12529-021-09967-z
http://doi.org/10.3390/ijerph17051729


Int. J. Environ. Res. Public Health 2021, 18, 3869 16 of 17

8. Yue, C.; Liu, C.; Wang, J.; Zhang, M.; Wu, H.; Li, C.; Yang, X. Association between social support and anxiety among pregnant
women in the third trimester during the coronavirus disease 2019 (COVID-19) epidemic in Qingdao, China: The mediating effect
of risk perception. Int. J. Soc. Psychiatry 2020, 20764020941567. [CrossRef]

9. Ding, Y.; Xu, J.; Huang, S.; Li, P.; Lu, C.; Xie, S. Risk Perception and Depression in Public Health Crises: Evidence from the
COVID-19 Crisis in China. Int. J. Environ. Res. Public Health 2020, 17, 5728. [CrossRef]

10. Lin, Y.; Hu, Z.; Alias, H.; Wong, L.P. Knowledge, Attitudes, Impact, and Anxiety Regarding COVID-19 Infection Among the
Public in China. Front. Public Health 2020, 8, 236. [CrossRef]

11. Hagger, M.S.; Koch, S.; Chatzisarantis, N.L.D.; Orbell, S. The common sense model of self-regulation: Meta-analysis and test of a
process model. Psychol. Bull. 2017, 143, 1117–1154. [CrossRef]

12. Leventhal, H.; Phillips, L.A.; Burns, E. The Common-Sense Model of Self-Regulation (CSM): A dynamic framework for under-
standing illness self-management. J. Behav. Med. 2016, 39, 935–946. [CrossRef]

13. Rautio, N.; Filatova, S.; Lehtiniemi, H.; Miettunen, J. Living environment and its relationship to depressive mood: A systematic
review. Int. J. Soc. Psychiatry 2018, 64, 92–103. [CrossRef]

14. Gong, Y.; Palmer, S.; Gallacher, J.; Marsden, T.; Fone, D. A systematic review of the relationship between objective measurements
of the urban environment and psychological distress. Environ. Int. 2016, 96, 48–57. [CrossRef]

15. O’Farrell, I.B.; Corcoran, P.; Perry, I.J. The area level association between suicide, deprivation, social fragmentation and population
density in the Republic of Ireland: A national study. Soc. Psychiatry Psychiatr. Epidemiol. 2016, 51, 839–847. [CrossRef]

16. Rehkopf, D.H.; Buka, S.L. The association between suicide and the socio-economic characteristics of geographical areas: A sys-
tematic review. Psychol. Med. 2006, 36, 145–157. [CrossRef]

17. Walters, K.; Breeze, E.; Wilkinson, P.; Price, G.M.; Bulpitt, C.J.; Fletcher, A. Local area deprivation and urban-rural differences in
anxiety and depression among people older than 75 years in Britain. Am. J. Public Health 2004, 94, 1768–1774. [CrossRef]

18. Reijneveld, S.A.; Schene, A.H. Higher prevalence of mental disorders in socioeconomically deprived urban areas in The
Netherlands: Community or personal disadvantage? J. Epidemiol. Community Health 1998, 52, 2–7. [CrossRef]

19. Purtle, J.; Nelson, K.L.; Yang, Y.; Langellier, B.; Stankov, I.; Diez Roux, A.V. Urban-Rural Differences in Older Adult Depression:
A Systematic Review and Meta-analysis of Comparative Studies. Am. J. Prev. Med. 2019, 56, 603–613. [CrossRef]

20. Peen, J.; Schoevers, R.A.; Beekman, A.T.; Dekker, J. The current status of urban-rural differences in psychiatric disorders. Acta
Psychiatr. Scand. 2010, 121, 84–93. [CrossRef]

21. Verheij, R.A.; Maas, J.; Groenewegen, P.P. Urban—Rural Health Differences and the Availability of Green Space. Eur. Urban. Reg.
Stud. 2008, 15, 307–316. [CrossRef]

22. Ward Thompson, C.; Roe, J.; Aspinall, P.; Mitchell, R.; Clow, A.; Miller, D. More green space is linked to less stress in deprived
communities: Evidence from salivary cortisol patterns. Landsc. Urban. Plan. 2012, 105, 221–229. [CrossRef]

23. Roe, J.J.; Ward Thompson, C.; Aspinall, P.A.; Brewer, M.J.; Duff, E.I.; Miller, D.; Mitchell, R.; Clow, A. Green space and stress:
Evidence from cortisol measures in deprived urban communities. Int. J. Environ. Res. Public Health 2013, 10, 4086–4103. [CrossRef]
[PubMed]

24. Husk, K.; Lovell, R.; Cooper, C.; Stahl-Timmins, W.; Garside, R. Participation in environmental enhancement and conservation
activities for health and well-being in adults: A review of quantitative and qualitative evidence. Cochrane Database Syst. Rev. 2016,
2016, CD010351. [CrossRef] [PubMed]

25. Bragg, R.; Wood, C.; Barton, J. Ecominds Effects on Mental Well-Being; Mind Publications: London, UK, 2013.
26. Capaldi, C.A.; Dopko, R.L.; Zelenski, J.M. The relationship between nature connectedness and happiness: A meta-analysis. Front.

Psychol. 2014, 5, 976. [CrossRef]
27. Wilson, E. Biophilia: The Human Bond with Other Species; Harvard University Press: Cambridge, MA, USA, 1984.
28. Berto, R. The role of nature in coping with psycho-physiological stress: A literature review on restorativeness. Behav. Sci. 2014, 4,

394–409. [CrossRef] [PubMed]
29. White, M.P.; Alcock, I.; Grellier, J.; Wheeler, B.W.; Hartig, T.; Warber, S.L.; Bone, A.; Depledge, M.H.; Fleming, L.E. Spending at

least 120 minutes a week in nature is associated with good health and wellbeing. Sci. Rep. 2019, 9, 7730. [CrossRef] [PubMed]
30. Gascon, M.; Triguero-Mas, M.; Martínez, D.; Dadvand, P.; Forns, J.; Plasència, A.; Nieuwenhuijsen, M.J. Mental health benefits

of long-term exposure to residential green and blue spaces: A systematic review. Int. J. Environ. Res. Public Health 2015, 12,
4354–4379. [CrossRef]

31. Kondo, M.C.; Fluehr, J.M.; McKeon, T.; Branas, C.C. Urban Green Space and Its Impact on Human Health. Int. J. Environ. Res.
Public Health 2018, 15, 445. [CrossRef] [PubMed]

32. den Daas, C.; Hubbard, G.; Johnston, M.; Dixon, D. The CHARIS Consortium, Protocol of the COVID-19 Health and Adherence
Research in Scotland (CHARIS) study: Understanding changes in adherence to transmission-reducing behaviours, mental and
general health, in in repeated cross-sectional representative survey of the Scottish population. BMJ Open 2021. [CrossRef]

33. The Scottish Parliament Information Centre. Timeline of Coronavirus (Covid-19) in Scotland. Available online: https://spice-
spotlight.scot/2021/01/15/timeline-of-coronavirus-covid-19-in-scotland/ (accessed on 21 January 2021).

34. Scottish Government. Rural Scotland Key Facts 2015. Available online: http://www.gov.scot/Publications/2015/03/5411/1
(accessed on 15 February 2021).

35. Scottish Government. Scottish Index of Multiple Deprivation 2020v2 Revision Notice. Available online: https://www.gov.scot/
collections/scottish-index-of-multiple-deprivation-2020/ (accessed on 23 October 2020).

http://doi.org/10.1177/0020764020941567
http://doi.org/10.3390/ijerph17165728
http://doi.org/10.3389/fpubh.2020.00236
http://doi.org/10.1037/bul0000118
http://doi.org/10.1007/s10865-016-9782-2
http://doi.org/10.1177/0020764017744582
http://doi.org/10.1016/j.envint.2016.08.019
http://doi.org/10.1007/s00127-016-1205-8
http://doi.org/10.1017/S003329170500588X
http://doi.org/10.2105/AJPH.94.10.1768
http://doi.org/10.1136/jech.52.1.2
http://doi.org/10.1016/j.amepre.2018.11.008
http://doi.org/10.1111/j.1600-0447.2009.01438.x
http://doi.org/10.1177/0969776408095107
http://doi.org/10.1016/j.landurbplan.2011.12.015
http://doi.org/10.3390/ijerph10094086
http://www.ncbi.nlm.nih.gov/pubmed/24002726
http://doi.org/10.1002/14651858.CD010351.pub2
http://www.ncbi.nlm.nih.gov/pubmed/27207731
http://doi.org/10.3389/fpsyg.2014.00976
http://doi.org/10.3390/bs4040394
http://www.ncbi.nlm.nih.gov/pubmed/25431444
http://doi.org/10.1038/s41598-019-44097-3
http://www.ncbi.nlm.nih.gov/pubmed/31197192
http://doi.org/10.3390/ijerph120404354
http://doi.org/10.3390/ijerph15030445
http://www.ncbi.nlm.nih.gov/pubmed/29510520
http://doi.org/10.1136/bmjopen-2020-044135
https://spice-spotlight.scot/2021/01/15/timeline-of-coronavirus-covid-19-in-scotland/
https://spice-spotlight.scot/2021/01/15/timeline-of-coronavirus-covid-19-in-scotland/
http://www.gov.scot/Publications/2015/03/5411/1
https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/
https://www.gov.scot/collections/scottish-index-of-multiple-deprivation-2020/


Int. J. Environ. Res. Public Health 2021, 18, 3869 17 of 17

36. Scottish Government. Scotland’s Wellbeing–Delivering the National Outcomes; Scottish Government: Edinburgh, Scotland, 2019.
37. Scottish Household Survey Project Team. Scotland’s People Annual Report 2018; Scottish Government: Edinburgh, Scotland, 2019.
38. Kroenke, K.; Spitzer, R.L.; Williams, J.B.; Lowe, B. An ultra-brief screening scale for anxiety and depression: The PHQ-4.

Psychosomatics 2009, 50, 613–621. [CrossRef]
39. Office for National Statistics. 2011 Census Variable and Classification Information: Part 3; ONS: London, UK, 2020.
40. Milne, S.; Sheeran, P.; Orbell, S. Prediction and Intervention in Health-Related Behavior: A Meta-Analytic Review of Protection

Motivation Theory. J. Appl. Soc. Psychol. 2000, 30, 106–143. [CrossRef]
41. Broadbent, E.; Petrie, K.J.; Main, J.; Weinman, J. The brief illness perception questionnaire. J. Psychosom. Res. 2006, 60, 631–637.

[CrossRef]
42. Scottish Government. Urban/Rural Classification; Scottish Government: Edinburgh, Scotland, 2014.
43. Scottish Government. Scottish Index of Multiple Deprivation Interactive Mapping. Available online: http://simd.scot/2016/#

/simd2016_20pc/BTTTFTT/7/-5.2405/57.8214/ (accessed on 11 March 2021).
44. Hayes, A.F.; Rockwood, N.J. Regression-based statistical mediation and moderation analysis in clinical research: Observations,

recommendations, and implementation. Behav. Res. 2017, 98, 39–57. [CrossRef]
45. Aiken, L.S.; West, S.G.; Reno, R.R. Multiple Regression: Testing and Interpreting Interactions; SAGE: Thousand Oaks, CA, USA;

London, UK, 1991.
46. Liu, L.; Xue, P.; Li, S.X.; Zhang, J.; Zhou, J.; Zhang, W. Urban-rural disparities in mental health problems related to COVID-19 in

China. Gen. Hosp. Psychiatry 2020. [CrossRef]
47. Allardyce, J.; Gilmour, H.; Atkinson, J.; Rapson, T.; Bishop, J.; McCreadie, R.G. Social fragmentation, deprivation and urbanicity:

Relation to first-admission rates for psychoses. Br. J. Psychiatry J. Ment. Sci. 2005, 187, 401–406. [CrossRef]
48. Stark, C.; Hopkins, P.; Gibbs, D.; Belbin, A.; Hay, A. Population density and suicide in Scotland. Rural Remote Health 2007, 7, 672.
49. Levin, K.A.; Leyland, A.H. Urban/rural inequalities in suicide in Scotland, 1981–1999. Soc. Sci. Med. 2005, 60, 2877–2890.

[CrossRef]
50. Durcan, G.; O’Shea, N.; Allwood, L. Covid-19 and the Nation’s Mental Health. Forecasting Needs and Risks in the UK: May 2020; Centre

for Mental Health: London, UK, 2020.
51. Allwood, L.; Bell, A. Covid-19: Understanding Inequalities in Mental Health during the Pandemic; Centre for Mental Health: London,

UK, 2020.
52. Brooks, S.K.; Webster, R.K.; Smith, L.E.; Woodland, L.; Wessely, S.; Greenberg, N.; Rubin, G.J. The psychological impact of

quarantine and how to reduce it: Rapid review of the evidence. Lancet 2020, 395, 912–920. [CrossRef]
53. Office for National Statistics. Coronavirus and the Social Impacts on the Countries and Regions of Britain: April 2020; ONS: London,

UK, 2020.
54. Drake, T.M.; Docherty, A.B.; Weiser, T.G.; Yule, S.; Sheikh, A.; Harrison, E.M. The effects of physical distancing on population

mobility during the COVID-19 pandemic in the UK. Lancet Digit. Health 2020, 2, e385–e387. [CrossRef]
55. Amerio, A.; Brambilla, A.; Morganti, A.; Aguglia, A.; Bianchi, D.; Santi, F.; Costantini, L.; Odone, A.; Costanza, A.; Signorelli,

C.; et al. COVID-19 Lockdown: Housing Built Environment’s Effects on Mental Health. Int. J. Environ. Res. Public Health 2020,
17, 5973. [CrossRef]

56. Ige, J.; Pilkington, P.; Orme, J.; Williams, B.; Prestwood, E.; Black, D.; Carmichael, L.; Scally, G. The relationship between buildings
and health: A systematic review. J. Public Health 2018, 41, e121–e132. [CrossRef]

57. van den Berg, M.; Wendel-Vos, W.; van Poppel, M.; Kemper, H.; van Mechelen, W.; Maas, J. Health benefits of green spaces in the
living environment: A systematic review of epidemiological studies. Urban. For. Urban. Green. 2015, 14, 806–816. [CrossRef]

58. Slater, S.J.; Christiana, R.W.; Gustat, J. Recommendations for Keeping Parks and Green Space Accessible for Mental and Physical
Health During COVID-19 and Other Pandemics. Prev. Chronic Dis. 2020, 17, E59. [CrossRef]

59. NatureScot. Enjoying the Outdoors: Monitoring the Impact of Conronavirus and Social Distancing; NatureScot: Inverness, Scotland,
UK, 2020.

60. Olsen, J.; Mitchell, R. Change in Use of Green and Open Space Following COVID-19 Lockdown ‘Stay at Home’ Phase and Initial Easing of
Lockdown; University of Glasgow: Glasgow, Scotland, 2020.

61. Lovasi, G.S.; Mooney, S.J.; Muennig, P.; DiMaggio, C. Cause and context: Place-based approaches to investigate how environments
affect mental health. Soc. Psychiatry Psychiatr. Epidemiol. 2016, 51, 1571–1579. [CrossRef] [PubMed]

62. Cutrona, C.E.; Wallace, G.; Wesner, K.A. Neighborhood Characteristics and Depression: An Examination of Stress Processes. Curr.
Dir. Psychol. Sci. 2006, 15, 188–192. [CrossRef] [PubMed]

63. 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]

64. Macintyre, S.; Macdonald, L.; Ellaway, A. Lack of agreement between measured and self-reported distance from public green
parks in Glasgow, Scotland. Int. J. Behav. Nutr. Phys. Act. 2008, 5, 26. [CrossRef]

http://doi.org/10.1176/appi.psy.50.6.613
http://doi.org/10.1111/j.1559-1816.2000.tb02308.x
http://doi.org/10.1016/j.jpsychores.2005.10.020
http://simd.scot/2016/#/simd2016_20pc/BTTTFTT/7/-5.2405/57.8214/
http://simd.scot/2016/#/simd2016_20pc/BTTTFTT/7/-5.2405/57.8214/
http://doi.org/10.1016/j.brat.2016.11.001
http://doi.org/10.1016/j.genhosppsych.2020.07.011
http://doi.org/10.1192/bjp.187.5.401
http://doi.org/10.1016/j.socscimed.2004.11.025
http://doi.org/10.1016/S0140-6736(20)30460-8
http://doi.org/10.1016/S2589-7500(20)30134-5
http://doi.org/10.3390/ijerph17165973
http://doi.org/10.1093/pubmed/fdy138
http://doi.org/10.1016/j.ufug.2015.07.008
http://doi.org/10.5888/pcd17.200204
http://doi.org/10.1007/s00127-016-1300-x
http://www.ncbi.nlm.nih.gov/pubmed/27787585
http://doi.org/10.1111/j.1467-8721.2006.00433.x
http://www.ncbi.nlm.nih.gov/pubmed/18185846
http://doi.org/10.3390/ijerph13040440
http://www.ncbi.nlm.nih.gov/pubmed/27110803
http://doi.org/10.1186/1479-5868-5-26

	Introduction 
	Materials and Methods 
	Design 
	Setting 
	Participants 
	Variables and Measures 
	Psychological Distress (Study 1 and 2) 
	Demographic Variables (Study 1 and 2) 
	Illness Beliefs (Study 1 and 2) 
	Environment—Study 1 
	Environment—Study 2 

	Data Collection 
	Statistical Methods 

	Results 
	Study 1 
	Participants 
	Direct Effects of Individual Factors on Psychological Distress 
	Direct Effects of Environmental Factors on Psychological Distress 
	Moderator Effects of Environment on Demographic Variables and Psychological Distress 
	Moderator Effects of Environment on Illness Beliefs and Psychological Distress 

	Study 2 
	Participants 
	Direct Effects of Individual Factors and on Psychological Distress 
	Direct Effects of Green Space on Psychological Distress 
	Moderator Effects of Green Space on Demographic Variables and Psychological Distress 
	Moderator Effects of Green Space on Illness Beliefs and Psychological Distress 


	Discussion 
	Key Results 
	Consistency with Other Studies and Implications 
	Limitations 

	Conclusions 
	References

