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Abstract: Public health restrictions, in response to the COVID-19 pandemic, have had potentially
wide-ranging, unintended effects on health-related behaviours such as diet and physical activity
and also affected mental health due to reduced social interactions. This study explored how health-
related behaviours and mental health were impacted in a sample of the UK public during the first
set of COVID-19 public health restrictions. Two online surveys were administered in the UK, one
within the first three months of the restrictions (Timepoints 1 (T1—involving pre-pandemic recall)
and 2/T2) and another ten weeks later (Timepoint 3/T3). Moderate-vigorous physical activity
(MVPA), outdoor time, sitting time, screen time and sexual activity were self-reported. Diet was
assessed using the Dietary Instrument for Nutrition Education questionnaire. Mental health was
measured using the short-form Warwick-Edinburgh Mental Wellbeing Scale and Becks” Anxiety and
Depression Inventories. Differences between timepoints were explored using the Friedman, Wilcoxon
signed-rank, McNemar and McNemar-Bowker tests. Two hundred and ninety-six adults (74% under
65 years old; 65% female) provided data across all timepoints. Between T1 and T2, MVPA, time
outdoors and sexual activity decreased while sitting, and screen time increased (p < 0.05). Between
T2 and T3, saturated fat intake, MVPA, time outdoors, and mental wellbeing increased while sitting,
screen time and anxiety symptoms decreased (p < 0.05). This study found that depending on the level
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of COVID-19 public health restrictions in place, there appeared to be a varying impact on different
health-related behaviours and mental health. As countries emerge from restrictions, it is prudent to
direct necessary resources to address these important public health issues.

Keywords: COVID-19 pandemic; health behaviour; social distancing; longitudinal study

1. Introduction

The COVID-19 pandemic has led to significant upheaval in citizens’ daily lives across
the globe. The rapid worldwide spread of COVID-19 resulted in many countries imple-
menting strict public health restrictions in March/April 2020 to control its spread. These
measures included stay-at-home orders, a requirement to practice social distancing and,
more recently, a requirement for face coverings when people were out in public for essential
purposes such as shopping and caring for vulnerable family members or friends [1]. The
unintended consequences of the restrictions are that lengthy periods of social distancing
are likely to promote feelings of anxiety, depression and isolation [2] as well as lead to
reductions in physical activity and increases in sedentary behaviour [3].

Many cross-sectional studies explored various aspects of health-related behaviours
and mental health during the pandemic, including diet [4], physical activity and sedentary
behaviour [5,6], sexual health [7,8] and the impact on mental health [9,10]. Whilst there
have been fewer longitudinal studies, those published suggest particular aspects of mental
health, such as psychological distress, had significantly increased during the initial stages
of the COVID-19 pandemic compared to pre-pandemic levels [11]. Other studies were
more unequivocal in terms of impacts on mental health [12,13]. In terms of physical activity
and sedentary behaviour, there seems to be greater consensus in the literature that these
behaviours were negatively impacted [3]. It is important to appreciate that a change in one
behaviour (e.g., increased screen-time) is likely to compound changes in other behaviours,
such as unhealthier eating and being less active [14]. While some changes in health-related
behaviours and mental health may be temporary and recover to pre-pandemic levels once
COVID-19 public health restrictions begin to ease, there is the potential that some of these
changes may be more permanent. This may negatively impact individuals’ long-term
health status, meaning it is important to highlight which health-related behaviours and
aspects of mental health are being affected through the continuation of COVID-19 public
health restrictions.

This study aimed to explore how numerous health-related behaviours and mental
health were impacted during the first set of COVID-19 public health restrictions in the UK.
We hypothesised that in comparison to pre-pandemic levels, despite individuals” health-
related behaviours and mental health generally being negatively affected at the outset,
as individuals grew accustomed to the situation and as certain restrictions began to ease,
most health-related behaviours and different aspects of mental health would make partial
recovery to pre-pandemic levels.

2. Materials and Methods
2.1. Design and Participants

This longitudinal study recruited participants via national media outlets (e.g., BBC
news online) and social media websites alongside invitations distributed through existing
researcher networks. Eligible participants were UK-based adults aged >18 years old.
Participants provided their written informed consent after reading an information sheet
using a data-encrypted website (i.e., JISC survey platform). All data were anonymous and
stored on secure university servers.

The initial online survey was launched in the UK on 17 March 2020 and was available
until 11 May 2020, while the second online survey was launched on 28 May 2020 and was
available until 26 July 2020. In the first online survey, participants were asked to answer
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questions related to health-related behaviours and mental health before the COVID-19
pandemic (Timepoint 1/T1) and during the introduction of the first set of COVID-19 public
health restrictions (Timepoint 2/T2). At the end of the first online survey, participants were
given a choice to be contacted about a follow-up survey. This was not a requirement, and
it was made clear that this was optional. If a participant opted in to the follow-up survey,
they were asked to provide their email address for this purpose alone. We did not ask
for any other identifiable data. The link for the second online survey was emailed out to
willing participants approximately 10 weeks later (Timepoint 3/T3). Both surveys were
only offered in English. Table 1 highlights the key public health restrictions in place during
each timepoint. Anglia Ruskin University Research Ethics Committee provided ethical
approval for the study on 16 March 2020.

Table 1. COVID-19 public health restrictions applied during different study timepoints (adapted
from [15]).

Month (Timepoint) Summary of Public Health Restrictions
First half of March (T1) No public health restrictions being implemented
First full set of COVID-19 public health restrictions was introduced: People advised to stay
Second half of March at home (only permitted to leave for essential reasons only); indoor and outdoor social
(T2) gatherings banned; non-essential high street business closures; social distancing of 2 m;
school closures.
April (T2) First full set of COVID-19 public health restrictions was still being implemented.
First half of May (T2) First full set of COVID-19 public health restrictions was still being implemented.
Those who could not work from home were advised to return to their workplace but not
Second half of May (T3) use public transport to do so. Outdoor recreation was allowed in groups of up to six
people. Other COVID-19 public health restrictions remain.
Some COVID-19 public health restrictions were relaxed: Stay-at-home message was
June (T3) replaced with a requirement to be home overnight; limited outdoor social gatherings
allowed; some non-essential high street businesses allowed to reopen; phased reopening of
schools and relaxing of 2 m social distancing rule (in England only).
More COVID-19 public health restrictions were relaxed: Larger outdoor social gatherings
July (T3) were allowed; limited indoor gatherings were allowed; other non-essential high street

businesses were allowed to reopen (e.g., hairdressers, gyms and spa facilities).

Abbreviations: T1 = timepoint 1; T2 = timepoint 2; T3 = timepoint 3.

2.2. Data Collection

Demographic information collected included: age (18-24, 25-34, 35-44, 45-54, 55-64
or >65 years old), gender (male, female or other), country (England, Scotland, Wales or
Northern Ireland), marital status (single/never married, married/domestic partnership,
widowed, divorced or separated), numbers living in the household (one, two or over two)
and annual household income (<GBP 15,000, GBP 15,000-24,999, GBP 25,000-39,999, GBP
40,000-59,999 or >GBP 60,000).

Dietary intakes of fibre, saturated fat and unsaturated fat over the previous week
were assessed using the validated Dietary Instrument for Nutrition Education (DINE)
questionnaire [16] at T1, T2 and T3. DINE measures fibre and fat consumption across
19 food groups. Higher scores indicate higher fibre intake and higher fat intake. Fibre and
saturated fat intake were classified as ‘low’ (<30), ‘medium’ (30—40) or ‘high’ (>40), while
the unsaturated fat intake was classified as ‘low’ (<6), ‘medium’ (6-9) or ‘high’ (>9).

With respect to physical activity, participants were asked to self-report how much time
they spent on an average day in moderate activity and vigorous activity in hours and min-
utes. Self-reported moderate and vigorous physical activity were individually truncated
to 180 min/day based on established physical activity scoring rules [17] and summed to
calculate the number of minutes of moderate—vigorous physical activity (MVPA) per day.
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A categorical variable (Yes/No) was also developed based on meeting the recent World
Health Organisation (WHO) guidelines for physical activity levels of >150 min/week [18].
Participants were also asked to recall their average daily time spent outdoors, sitting and
watching a screen in hours and minutes. Self-reported outdoor time, sitting time and
screen time were all truncated to 960 min/day based on previous recommendations [19].
Categorical variables (Yes/No) for sitting time and screen time were also developed based
on a previously used threshold of 480 min/day [20]. Participants were asked how many
times they had engaged in sexual activity (e.g., sexual intercourse, masturbation, pet-
ting, or fondling) per week. Physical activity, sedentary behaviour and sexual activity
questionnaires were completed for T1, T2 and T3.

Mental health, mental wellbeing and loneliness were measured using Beck’s Anxiety
Inventory (BAI), Beck’s Depression Inventory (BDI), the short-form Warwick-Edinburgh
Mental Wellbeing Scale (SWEMWBS) and the three-item University of California Los
Angeles (UCLA) Loneliness Scale. The BAI and BDI both contain 21 items with higher
BAI and BDI scores indicating worse anxiety and depressive symptoms. Both BAI and
BDI were previously shown to be reliable and valid [21,22]. Scores of >16 for the BAI
suggest moderate-to-severe anxiety symptoms [23], while scores of >20 for the BDI suggest
moderate-to-severe depressive symptoms [24]. The SWEMWBS contains seven items
and has been validated [25]. Higher scores reflect better mental wellbeing, with scores
<15.8 indicating poor mental wellbeing [26]. The three-item UCLA Loneliness Scale was
shown to be useful in large-scale surveys [27]. Higher scores indicate higher levels of
loneliness.

Participants were also asked about their current smoking status (yes or no) and
whether they currently consumed alcohol (yes or no).

2.3. Statistical Analysis

Analyses were completed using SPSS Version 26 (IBM, Armonk, NY, USA) with con-
tinuous data presented as median (25th-75th interquartile range) and categorical data as
number (percentage) unless otherwise highlighted. In order to compare demographic
characteristics for participants providing valid data at T3 compared with those that did not
complete the T3 survey, chi-square tests were performed. Normality testing highlighted
that all the health-related behaviours and mental health outcome variables were not nor-
mally distributed, which required non-parametric statistical analyses. Friedman tests were
used to highlight whether there were any differences between T1, T2 and T3 for the relevant
health-related behaviours (diet, physical activity, sedentary behaviour and sexual activity)
measured on a continuous scale. Where significant differences were identified, post hoc test-
ing was conducted using Wilcoxon signed-rank tests with Bonferroni correction. Wilcoxon
signed-rank tests without correction were used to compare T2 and T3 only (i.e., no T1 data
available) for the mental health outcome variables measured on a continuous scale. Where
significant differences were identified, then post hoc testing was conducted using Wilcoxon
signed-rank tests with Bonferroni correction. In order to examine differences between
the timepoints for categorical variables with three levels (e.g., DINE fibre categories low,
medium or high), separate McNemar—Bowker tests were completed. When comparing
across timepoints for categorical variables with two levels (e.g., drank alcohol (yes or no)),
McNemar tests were undertaken. For all of the above statistical tests, Bonferroni corrections
were applied if the comparisons involved T1 versus T2 versus T3, resulting in a significance
level being set at p < 0.017. If the comparison was only between T2 versus T3 (i.e., no T1
data available), then the significance level was set at p < 0.05.

3. Results

From the original 1087 participants who completed the first online survey covering
T1 and T2, 318 participants completed the follow-up survey at T3. However, 22 of these
participants did not provide sufficient information to link their responses to the first online
survey. Therefore, 296 participants who provided data across all timepoints were included
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in the final analysis (Table 2). Three-quarters of the sample consisted of adults aged
<65 years old, while 65.20% were women. Participants who provided data at T1, T2 and
T3 (n = 296) were more likely to be older (x> = 21.362; p < 0.001) and had smaller numbers
living in their household (x* =15.185; p < 0.001) compared with those who did not (n = 791).
There were no differences in gender (p = 0.657), country (p = 0.796), marital status (p = 0.241)
and annual household income (p = 0.984). The median date for completion of the initial
online survey was 28 March 2020, while the median date for completion of the second
online survey was 4 June 2020.

Table 2. Sample demographic characteristics of the 296 participants providing data at T1, T2 and T3.

Characteristics Number (%)
Age
18-24 years old 27 (9.12)
25-34 years old 44 (14.86)
35-44 years old 43 (14.53)
45-54 years old 58 (19.59)
55-64 years old 47 (15.88)
>65 years old 76 (25.68)
Not reported 1(0.34)
Gender
Male 98 (33.11)
Female 193 (65.20)
Other 4 (1.35)
Not reported 1(0.34)
Country
England 234 (79.05)
Scotland 7 (2.36)
Wales 3(1.01)
Northern Ireland 50 (16.89)
Not reported 2 (0.68)
Marital status
Single or never married 89 (30.07)
Married or domestic partnership 164 (55.41)
Widowed 13 (4.39)
Divorced 24 (8.11)
Separated 4 (1.35)
Not reported 2 (0.68)
Numbers living in household
One 66 (22.30)
Two 131 (44.26)
Three or more 98 (33.11)
Not reported 1(0.34)
Annual household income
<GBP 15,000 45 (15.20)
GBP 15,000-24,999 55 (18.58)
GBP 25,000-39,999 69 (23.31)
GBP 40,000-59,999 60 (20.27)
>GBP 60,000 64 (21.62)
Not reported 3(1.01)

Abbreviations: SD = standard deviation.

3.1. Diet

In Table 3, there was a significant decrease in DINE fibre scores at T3 versus T1
(Z =—-2584, p = 0.010) although there were no significant differences (p < 0.017 after
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Bonferroni adjustment) at T2 versus T1 (p = 0.332) or T3 versus T2 (p = 0.024). There was a
significant increase in DINE saturated fat scores at T3 versus T2 (Z = —2.394, p = 0.0167).
However, there were no significant differences between T2 and T1 (p = 0.026) or T3 and
T1 (p = 0.939). There was no significant difference in DINE unsaturated fat scores across
all time periods (p = 0.311). In terms of DINE score categories for fibre, saturated and
unsaturated fat intake (i.e., ‘low’, ‘medium’ and ‘high’), there were no significant changes
across T1, T2 and T3 (Tables S1-S3, Figure S1).

Table 3. Changes in diet, physical activity, sedentary behaviour and sexual activity during the first

set of COVID-19 public health restrictions.

Variables T1 Median T2 Median T3 Median Friedman Test
(25th-75th IQR) (25th-75th IQR) (25th-75th IQR) Difference
DINE
Fibre intake score, n = 296 32.0 (26.0-39.0) 32.0 (25.0-40.0) 30.0 (24.0-38.0) p=0.032*%
Saturated fat intake score, n = 296 22.0 (18.0-26.0) 21.0 (17.0-26.0) € 22.0 (18.0-27.0) p=0.012*%
Unsaturated fat score, n = 296 9.0 (7.0-11.0) 9.0 (7.0-11.0) 9.0 (6.0-11.0) p=0311
Physical activity and sedentary
behaviour
MVPA time (min/day), n = 287 4 120.0 (60.0-180.0) 2P 60.0 (30.0-135.0) € 90.0 (35.0-150.0) p <0.001 *
Outdoor time (min/day), n = 285 € 120.0 (90.0-240.0) 2 60.0 (30.0-135.0) © 120.0 (60.0-240.0) p <0.001 *
Sitting time (min/day), n = 276 f 360.0 (273.8-540.0) @b 517.5 (360.0-720.0) © 480.0 (300.0-600.0) p <0.001 *
Screen time (min/day), n =293 & 240.0 (120.0-360.0) #®  360.0 (240.0-540.0) © 300.0 (180.0-525.0) p <0.001 *
Sexual activity
Weekly sexual activity, n = 2721 1.0 (0.0-2.0) &P 0.0 (0.0-1.0) 0.0 (0.0-2.0) p <0.001*

Abbreviations: DINE = Dietary Instrument for Nutrition Education; IQR = interquartile range; MVPA = moderate—
vigorous physical activity time; T1 = timepoint 1; T2 = timepoint 2; T3 = timepoint 3. * = Significant difference
(p < 0.05). = Significant difference (p < 0.017 after Bonferroni adjustment) T1 vs T2. = Significant difference
(p < 0.017 after Bonferroni adjustment) T1 vs. T3. ¢ = Significant difference (p < 0.017 after Bonferroni adjustment)
T2 vs. T3. 4 = 9 participants (3.04% of the total sample) did not report these data. ¢ = 11 participants (3.72% of
the total sample) did not report these data. f = 20 participants (6.76% of the total sample) did not report these
data. 8 = 3 participants (1.01% of the total sample) did not report these data. ! = 24 participants (8.11% of the total
sample) did not report these data.

3.2. Physical Activity, Sedentary Behaviour and Sexual Activity

Daily time in moderate-vigorous physical activity (Table 3) significantly decreased
at T2 versus T1 (Z = —7.712, p < 0.001) and T3 versus T1 (Z = —4.684, p < 0.001) while
there was a significant increase at T3 versus T2 (Z = —3.297, p < 0.001). In terms of meeting
the MVPA guidelines, significantly more participants switched to not meeting the MVPA
guidelines at T2 and T3 compared with T1 (both p < 0.001) than vice versa, but there was no
significant change from T2 to T3 (p = 0.099) (Table S4, Figure S1). Similarly, daily time spent
outdoors significantly decreased at T2 versus T1 (Z = —8.179, p < 0.001), while there was
a significant increase in daily time spent outdoors at T3 versus T2 (Z = —8.225, p < 0.001).
However, there was no significant difference between T3 and T1 (p = 0.132).

Daily sitting and screen time (Table 3) both significantly increased at T2 versus
T1 (Z=-9.943, p < 0.001 and Z = —11.203, p < 0.001, respectively) and T3 versus T1
(Z=—-4.900,p <0.001 and Z = —7.376, p < 0.001, respectively). Daily sitting and screen time
both significantly decreased at T3 versus T2 (Z = —5.415, p < 0.001 and Z = —3.013, p = 0.003,
respectively). At T2 compared with T1, more participants (p < 0.001) switched to exceed-
ing the 480 min/day threshold for both sitting and screen times (76 and 52 participants,
respectively) than vice versa (13 and 5 participants, respectively) (Table S5, Figure S1). This
switch to exceeding the 480 min/day threshold was also evident at T3 versus T1 for both
sitting (p = 0.004) and screen (p < 0.001) time thresholds. However, at T3 versus T2, more
participants (p < 0.001) switched from exceeding the 480 min/day threshold (60 partici-
pants) than vice-versa (19 participants) for sitting time, but there was no significant change
for the screen time threshold (p = 0.328).
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Sexual activity per week (Table 3, Figure S1) significantly decreased at T2 versus T1
(Z=-4.989, p <0.001) and T3 versus T1 (Z = —3.726, p < 0.001). However, there was no
significant difference between T3 and T2 (p = 0.117).

3.3. Mental Health

Anxiety scores significantly decreased from T2 to T3 (Z = —3.423, p < 0.001) with
more participants’ categorised anxiety moving from ‘moderate-severe’ to ‘mild” at T3 than
vice-versa (Table 4, Table S6, Figure S1). Depression scores did not significantly change
from T2 to T3 (p = 0.183). Mental wellbeing scores significantly increased from T2 to T3
(Z = —2.419, p = 0.016), but there were no significant changes between T2 and T3 for the
proportion with ‘poor” versus “average-to-high” mental wellbeing categories (p = 1.000).
There were also no significant changes in loneliness scores from T2 to T3 (p = 0.188).

Table 4. Changes in mental health during the first set of COVID-19 public health restrictions.

Wilcoxon
Variables T2 Median T3 Median Signed-Rank
(25th-75th IQR) (25th-75th IQR) Test
Difference
BAI score, n = 296 7.0 (3.0-19.0) 6.0 (2.0-15.0) p <0.001 *
BDI score, n = 296 8.0 (4.0-16.0) 7.5 (3.0-14.0) p=0.183
SWEMWSBS score, nn =296 20.7 (18.0-24.1) 21.5(18.1-24.1) p=0.016*
UCLA loneliness score, n =293 2 5.0 (3.0-6.0) 5.0 (3.0-6.0) p=0.188

Abbreviations: BAI = Beck’s Anxiety Inventory; BDI = Beck’s Depression Inventory; DINE = Dietary In-
strument for Nutrition Education; IQR = interquartile range; MVPA = moderate—-vigorous physical activity
time; SWEMWBS-7 = Short Warwick-Edinburgh Mental Wellbeing Scale; T2 = timepoint 2; T3 = timepoint 3.
* = Significant difference (p < 0.05). ? = 3 participants (1.01% of the total sample) did not report these data.

3.4. Alcohol and Smoking Behaviour

Significantly more participants switched from not drinking alcohol to drinking alcohol
at T3 versus T2 (p < 0.001) than vice-versa (Table 5). However, there were no significant
changes in smoking behaviour (p = 1.000).

Table 5. Changes in alcohol and smoking behaviours during the first set of COVID-19 public
health restrictions.

Drank Alcohol at T3 Count, n p-Value

Drank alcohol at T2 Yes No

Yes 197 2 293 2 p <0.001*

No 19 75
Smoking at T3 Count, n p-Value

Smoking at T2 Yes No
Yes 20 4 2934 p =1.000

No 4 265

Abbreviations: T2 = timepoint 2; T3 = timepoint 3. * = Significant difference (p < 0.05). ? = 3 participants (1.01% of
the total sample) did not report these data.

4. Discussion

The findings showed that after the introduction of COVID-19 public health restrictions
in the UK, negative, statistically significant changes were reported in time spent in MVPA,
time spent outdoors, sitting time, screen time and also sexual activity, with no significant
changes in fibre, saturated fat and unsaturated fat intake. Subsequently, as the first set
of COVID-19 public health restrictions began to ease, negative changes were still being
reported in saturated fat intake and alcohol drinking. However, during the same period,
there were positive changes in time spent in MVPA and time spent outdoors, sitting time,
screen time, anxiety symptoms and mental wellbeing.
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As the first set of COVID-19 public health restrictions was being eased, there was a
decrease in fibre intake compared with pre-pandemic levels. This finding is in line with the
results of a large survey which highlighted that fruit and vegetable consumption (generally
high in fibre) had decreased [28]. However, another study has shown that fibre intake had
potentially increased during the pandemic [29]. It is worth noting that this study by Bogataj
Jontez and colleagues was much smaller (n = 38) than the current study and measured
fibre intake differently. Saturated and unsaturated fat intake appeared to remain largely
unaffected. Other research has shown that many individuals had decreased their fat intake
through reduced consumption of high-fat and high-sugar foods during the initial stages of
the pandemic [30]. Reduced access to certain foods due to panic buying and supply chain
issues may have been one reason for this, with other possible contributing factors including
job loss, inability to visit shops and reduced household income [31]. Interestingly, saturated
fat intake increased from the period that the first set of COVID-19 public health restrictions
was introduced up to the point these restrictions began to ease, potentially due to more
takeaway restaurants being open again. Less healthy food is generally served in these
establishments compared with home-cooked meals [32]. A study in Poland also reported
that over half of their sample had reported snacking more during the pandemic [33].

Our study showed that both physical activity and sedentary behaviour at the point
when COVID-19 public health restrictions began to ease had not recovered to pre-pandemic
levels in terms of daily time spent in MVPA, sitting and screen time as well as meeting the
recommended physical activity guidelines/suggested sedentary behaviour thresholds. At
the start of T3, examples of COVID-19 public health restrictions being relaxed included
allowing larger indoor and outdoor gatherings. It is important to note further relaxations to
the COVID-19 public health restrictions took place throughout T3 (e.g., more non-essential
retailers were allowed to reopen), and there was even a UK-wide initiative put in place
to encourage the visiting of cafes and restaurants again (i.e., Eat Out to Help Out). Our
findings are in agreement with a recent systematic review of 64 studies, which highlighted
that in most cases, the COVID-19 public health restrictions caused reductions in physical
activity accompanied by higher levels of sedentary behaviour [3]. It is important to note
that certain groups are likely to have been more negatively impacted compared to others.
For example, reduced time spent in physical activity was highlighted in populations with
medical conditions such as Type II diabetes and osteoarthritis [3]. In addition, young
adults and those not married were shown to have had greater reductions in physical
activity, coupled with increases in sedentary behaviour, compared with other population
groups [6,34]. A US-based cross-sectional study even highlighted those achieving the
physical activity guidelines before COVID-19 were most likely to see significant drops
in physical activity time during the initial stages of the pandemic compared with those
not meeting the physical activity guidelines [5]. With the necessity for many workers to
commence and continue working from home, it is wholly unsurprising that screen time has
remained high, even as the first set of COVID-19 public health restrictions were eased [34].
Whereas most work meetings would have traditionally taken place face-to-face, many have
now moved to virtual settings using platforms such as Zoom and Microsoft Teams.

From the introduction of the first set of COVID-19 public health restrictions until the
point in which these restrictions had begun to be eased, anxiety symptoms decreased and
mental wellbeing increased while depressive symptoms and levels of loneliness were not
significantly altered. These results are supported by the relevant literature from other
countries [12,13,35,36]. The improvement in anxiety symptoms and mental wellbeing
could be due to increased familiarity with the COVID-19 restrictions as well as potentially
adopting simple coping behaviours, such as sticking to a set routine, reducing news
consumption surrounding the pandemic and performing more home-based cooking [37].
However, it is important to note that certain subgroups, such as those with pre-existing
physical and mental health conditions as well as those from more socially disadvantaged
backgrounds, are more likely to be impacted than others [12,13,35].
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Sexual activity appeared to decrease during the first set of COVID-19 public health
restrictions, and weekly levels during the point these restrictions began to ease still have
not returned to pre-pandemic levels. Our previous cross-sectional study on sexual activity
during the pandemic compared the initial stages with pre-pandemic [8]. Our current study
builds on this by showing that sexual activity remained below pre-pandemic levels. This is
supported by other research in Europe [38] and Asia [7]. This is an important finding as
healthy sexual activity was shown to be beneficial for psychological and relational health
during the pandemic [39]. In terms of smoking behaviour, it was positive to see that there
was no increased number of individuals smoking during the pandemic. Another UK-based
study found that cigarette smoking actually decreased during the pandemic [11]. This is
important considering smoking is suggested to be associated with increased progression
of adverse COVID-19 outcomes [40]. The current study also found that more individuals
had started drinking alcohol when the first set of COVID-19 public health restrictions had
begun to ease compared to the initial stages when full restrictions were in place. Another
study also supports this finding, with a possible reason being that some could be potentially
using alcohol as a coping mechanism due to a lack of recreational and social activities as
the pandemic has continued on [11].

One of the key strengths of this current study is the variety of health-related behaviours
and different aspects of mental health, which were concurrently assessed across multiple
timepoints in a UK sample during the first set of COVID-19 public health restrictions.
Another strength of this study was the use of validated questionnaires for measuring
dietary intake and mental health in the general population. However, study limitations
must also be considered. While the initial survey was completed by 1087 participants, the
follow-up survey was only completed by 318 participants; 296 of these provided useable
data. This is likely to result in selection bias and reduce the power of the findings. Those
completing the follow-up survey were also different in terms of being older and living in
smaller households. With the survey being conducted online, self-report and recall biases
are likely to have been introduced. However, this was the most practical method given the
COVID-19-related restrictions in place. As participants were required to recall their diet,
physical activity, sedentary behaviour and sexual activity from before the pandemic, this is
likely to have introduced recall bias. Finally, because data collection for each timepoint took
place over several months, it is likely that different levels of public health restrictions were
in place throughout each timepoint. However, it is worth noting that most participants
in the sample completed the first online survey within one month of the first full set of
COVID-19 public health restrictions.

5. Conclusions

In summary, this study found that depending on the level of COVID-19 public health
restrictions in place, there appeared to be a varying impact on different health-related
behaviours and mental health. These findings have important public health implications as
they highlight the health-related behaviours and aspects of mental health, which may have
improved since the first public health restrictions were introduced while highlighting others
still being negatively affected. In terms of some practical implications of these findings for
society, it is important for individuals to consider strategies focused on decreasing their
sedentary behaviour as well as increasing their time spent taking part in moderate-vigorous
physical activity. In addition, it is important for individuals to consider increasing their
fibre intake as well as moderating their alcohol intake. With key aspects of life such as home-
based working, travel, interactions with different people and shopping habits likely to be
changed on a permanent basis, along with the possibility of further restrictions to control
the spread of new variants of the virus, it is important to conduct future research which
continues to monitor the situation in terms of these important health-related behaviours
and aspects of mental health in order to direct public health policy appropriately.



Int. |. Environ. Res. Public Health 2022, 19, 3959 10 of 12

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph19073959/s1 Figure S1. Box and whisker plot tiles displaying
changes * in lifestyle behaviours and health outcomes at different timepoints during the first set
of COVID-19 public health restrictions. Table S1. Changes in DINE fibre categories at different
timepoints during the first set of COVID-19 public health restrictions. Table S2. Changes in DINE
saturated fat categories at different timepoints during the first set of COVID-19 public health restric-
tions. Table S3. Changes in DINE unsaturated fat categories at different timepoints during the first
set of COVID-19 public health restrictions. Table S4. Changes in compliance with MVPA guidelines
at different timepoints during the first set of COVID-19 public health restrictions. Table S5. Changes
in compliance with sitting and screen time thresholds at different timepoints during the first set
of COVID-19 public health restrictions. Table S6. Changes in categorical mental health outcomes
between T2 and T3 during the first set of COVID-19 public health restrictions.

Author Contributions: Conceptualization, L.S., LJ., SM., LG., D.TM,, Y.B,, L T.B,, EB.S,, N.C.A. and
M.A.T; methodology, ] JW., LS., L].,SM,, LG, D.TM., EB.S. and M.A.T; data curation, J].J.W. and
AlY,; formal analysis, J.J.W. and L.S.; investigation, A.Y., R.L.-B. and N.C.A.; writing—original draft
preparation, J.J.W,, L.S. and M.A.T; writing—review and editing, A.Y., L.]., SM., L.G., D.TM., RL.-B,,
Y.B.,, L.T.B,, EB.S. and N.C.A ; project administration, L.S., Y.B., L.T.B. and M.A.T. All authors have
read and agreed to the published version of the manuscript.

Funding: The authors have not declared a specific grant for this research from any funding agency in
the public, commercial or not-for-profit sectors.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Anglia Ruskin University Research Ethics Committee
on 16 March 2020.

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

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

References

1.

National Health Service, UK. Coronavirus (COVID-19). 2020. Available online: https://www.nhs.uk/conditions/coronavirus-
covid-19/ (accessed on 15 April 2021).

World Health Organization. Mental Health and Psychosocial Considerations during the COVID-19 Outbreak; WHO: Geneva,
Switzerland, 2020.

Stockwell, S.; Trott, M.; Tully, M.; Shin, ].; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BM] Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef]

Wilson, J.J.; McMullan, L; Blackburn, N.E.; Klempel, N.; Yakkundi, A.; Armstrong, N.C.; Brolly, C.; Butler, L.T.; Barnett, Y.;
Jacob, L.; et al. Changes in dietary fat intake and associations with mental health in a UK public sample during the COVID-19
pandemic. J. Public Health 2021, 43, 687—-694. [CrossRef]

Meyer, J.; McDowell, C.; Lansing, J.; Brower, C.; Smith, L.; Tully, M.; Herring, M. Changes in physical activity and sedentary
behavior in response to COVID-19 and their associations with mental health in 3052 US adults. Int. |. Environ. Res. Public Health
2020, 17, 6469. [CrossRef] [PubMed]

Smith, L.; Jacob, L.; Butler, L.; Schuch, F.; Barnett, Y.; Grabovac, I.; Veronese, N.; Caperchione, C.; Lopez-Sanchez, G.F;
Meyer, J.; et al. Prevalence and correlates of physical activity in a sample of UK adults observing social distancing during the
COVID-19 pandemic. BM] Open Sport Exerc. Med. 2020, 6, e000850. [CrossRef] [PubMed]

Arafat, SM.Y.; Alradie-Mohamed, A.; Kar, S.K.; Sharma, P; Kabir, R. Does COVID-19 pandemic affect sexual behaviour?
A cross-sectional, cross-national online survey. Psychiatry Res. 2020, 289, 113050. [CrossRef] [PubMed]

Jacob, L.; Smith, L.; Butler, L.; Barnett, Y.; Grabovac, I.; McDermott, D.; Armstrong, N.; Yakkundi, A.; Tully, M.A. Challenges in
the practice of sexual medicine in the time of COVID-19 in the United Kingdom. J. Sex. Med. 2020, 17, 1229-1236. [CrossRef]
[PubMed]

Smith, L.; Jacob, L.; Yakkundi, A.; McDermott, D.; Armstrong, N.C.; Barnett, Y.; Lépez-Sanchez, G.F.; Martin, S.; Butler, L.;
Tully, M.A. Correlates of symptoms of anxiety and depression and mental wellbeing associated with COVID-19: A cross-sectional
study of UK-based respondents. Psychiatry Res. 2020, 291, 113138. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/ijerph19073959/s1
https://www.mdpi.com/article/10.3390/ijerph19073959/s1
https://www.nhs.uk/conditions/coronavirus-covid-19/
https://www.nhs.uk/conditions/coronavirus-covid-19/
http://doi.org/10.1136/bmjsem-2020-000960
http://doi.org/10.1093/pubmed/fdab009
http://doi.org/10.3390/ijerph17186469
http://www.ncbi.nlm.nih.gov/pubmed/32899495
http://doi.org/10.1136/bmjsem-2020-000850
http://www.ncbi.nlm.nih.gov/pubmed/34192006
http://doi.org/10.1016/j.psychres.2020.113050
http://www.ncbi.nlm.nih.gov/pubmed/33242820
http://doi.org/10.1016/j.jsxm.2020.05.001
http://www.ncbi.nlm.nih.gov/pubmed/32411271
http://doi.org/10.1016/j.psychres.2020.113138
http://www.ncbi.nlm.nih.gov/pubmed/32562931

Int. |. Environ. Res. Public Health 2022, 19, 3959 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Wolf, S.; Seiffer, B.; Zeibig, ].M.; Welkerling, J.; Brokmeier, L.; Atrott, B.; Ehring, T.; Schuch, EB. Is physical activity associated
with less depression and anxiety during the COVID-19 pandemic? A rapid systematic review. Sports Med. 2021, 51, 1771-1783.
[CrossRef] [PubMed]

Niedzwiedz, C.L.; Green, M.]J.; Benzeval, M.; Campbell, D.; Craig, P.; Demou, E.; Leyland, A.; Pearce, A.; Thomson, R,;
Whitley, E.; et al. Mental health and health behaviours before and during the initial phase of the COVID-19 lockdown: Lon-
gitudinal analyses of the UK Household Longitudinal Study. J. Epidemiol. Community Health 2021, 75, 224-231. [CrossRef]
[PubMed]

Robinson, E.; Sutin, A.R.; Daly, M.; Jones, A. A systematic review and meta-analysis of longitudinal cohort studies comparing
mental health before versus during the COVID-19 pandemic in 2020. . Affect. Disord. 2022, 296, 567-576. [CrossRef] [PubMed]
O’Connor, R.C.; Wetherall, K.; Cleare, S.; McClelland, H.; Melson, A.].; Niedzwiedz, C.L.; O’Carroll, R.E.; O’Connor, D.B,; Platt, S.;
Scowcroft, E.; et al. Mental health and well-being during the COVID-19 pandemic: Longitudinal analyses of adults in the UK
COVID-19 Mental Health & Wellbeing study. Br. |. Psychiatry 2020, 218, 326-333.

Ammar, A.; Brach, M.; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudji, L.; Bouaziz, B.; Bentlage, E.; How, D.; Ahmed, M.; et al.
Effects of COVID-19 home confinement on eating behaviour and physical activity: Results of the ECLB-COVID19 International
Online Survey. Nutrients 2020, 12, 1583. [CrossRef] [PubMed]

Timeline of UK Government Coronavirus Lockdowns. 2021. Available online: https://www.instituteforgovernment.org.uk/
charts /uk-government-coronavirus-lockdowns (accessed on 15 December 2021).

Roe, L.; Strong, C.; Whiteside, C.; Neil, A.; Mant, D. Dietary intervention in primary care: Validity of the DINE method for diet
assessment. Fam. Pract. 1994, 11, 375-381. [CrossRef]

Guides for Data Processing and Analysis of the International Physical Activity Questionnaire (IPAQ)—Short and Long Forms.
2005. Available online: https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnx0aGVpcGFxfGd4
OJEONDgxMDk3NDU1YWRIZTM (accessed on 15 April 2021).

Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.,; Cardon, G.; Carty, C.; Chaput, ].P.; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451-1462.
[CrossRef]

Bennie, J.A.; Chau, J.Y.; van der Ploeg, H.P.; Stamatakis, E.; Do, A.; Bauman, A. The prevalence and correlates of sitting in
European adults—A comparison of 32 Eurobarometer-participating countries. Int. |. Behav. Nutr. Phys. Act. 2013, 10, 107.
[CrossRef] [PubMed]

Ekelund, U.; Steene-Johannessen, J.; Brown, W.J.; Fagerland, M.W.; Owen, N.; Powell, K.E.; Bauman, A.; Lee, LM.; Lancet
Physical Activity Series 2 Executive Committee; Lancet Sedentary Behaviour Working Group. Does physical activity attenuate, or
even eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of data from more than
1 million men and women. Lancet 2016, 388, 1302-1310. [CrossRef]

Beck, A.T.; Epstein, N.; Brown, G.; Steer, R.A. An inventory for measuring clinical anxiety: Psychometric properties. J. Consult.
Clin. Psychol. 1988, 56, 893-897. [CrossRef]

Beck, A.T; Steer, R.A.; Garbin, M.G. Psychometric properties of the Beck Depression Inventory: Twenty-five years of evaluation.
Clin. Psychol. Rev. 1988, 8, 77-100. [CrossRef]

Carney, C.E.; Moss, T.G.; Harris, A.L.; Edinger, ].D.; Krystal, A.D. Should be anxious when assessing anxiety using the Beck
Anxiety Inventory in clinical insomnia patients? J. Psychiatr. Res. 2011, 45, 1243-1249. [CrossRef]

Beck, A.T; Steer, R.A.; Brown, G.K. Manual for Beck Depression Inventory II (BDI-II); Psychology Corporation: San Antonio, TX,
USA, 1996.

Ng Fat, L.; Scholes, S.; Boniface, S.; Mindell, J.; Stewart-Brown, S. Evaluating and establishing national norm for mental wellbeing
using the short Warwick-Edinburgh Mental Well-being Scale (SWEMWBS): Findings from the Health Survey for England. Qual.
Life Res. 2017, 26, 1129-1144. [CrossRef]

Warwick Medical School. Collect, Score, Analyse and Interpret WEMWBS. 2021. Available online: https://warwick.ac.uk/fac/
sci/med/research/platform/wemwbs/using/howto/ (accessed on 15 April 2021).

Hughes, M.E.; Waite, L.J.; Hawkley, L.C.; Cacioppo, ].T. A short scale for measuring loneliness in large surveys: Results from two
population-based studies. Res. Aging 2004, 26, 655-672. [CrossRef] [PubMed]

Mitchell, E.S.; Yang, Q.; Behr, H.; Deluca, L.; Schaffer, P. Self-reported food choices before and during COVID-19 lockdown.
medRxiv 2020, 20131888. [CrossRef]

Bogataj Jontez, N.; Novak, K.; Kenig, S.; Petelin, A.; Jenko PraZnikar, Z.; Mohorko, N. The impact of COVID-19-related lockdown
on diet and serum markers in healthy adults. Nutrients 2021, 13, 1082. [CrossRef] [PubMed]

Ashby, N.J.S. Impact of the COVID-19 pandemic on unhealthy eating in populations with obesity. Obesity 2020, 28, 1802-1805.
[CrossRef]

Food Standards Agency. COVID-19 Consumer Tracker Waves Three and Four Report Published. 2020. Available online:
https:/ /www.food.gov.uk/news-alerts/news/covid-19-consumer-tracker-waves-three-and-four-report-published (accessed on
15 April 2021).

Adams, J.; Goffe, L.; Brown, T.; Lake, A.A.; Summerbell, C.; White, M.; Wrieden, W.; Adamson, A. Frequency and socio-
demographic correlates of eating meals out and take-away meals at home: Cross-sectional analysis of the UK national diet and
nutrition survey, waves 1-4 (2008-2012). Int. ]. Behav. Nutr. Phys. Act. 2015, 12, 51. [CrossRef]


http://doi.org/10.1007/s40279-021-01468-z
http://www.ncbi.nlm.nih.gov/pubmed/33886101
http://doi.org/10.1136/jech-2020-215060
http://www.ncbi.nlm.nih.gov/pubmed/32978210
http://doi.org/10.1016/j.jad.2021.09.098
http://www.ncbi.nlm.nih.gov/pubmed/34600966
http://doi.org/10.3390/nu12061583
http://www.ncbi.nlm.nih.gov/pubmed/32481594
https://www.instituteforgovernment.org.uk/charts/uk-government-coronavirus-lockdowns
https://www.instituteforgovernment.org.uk/charts/uk-government-coronavirus-lockdowns
http://doi.org/10.1093/fampra/11.4.375
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnx0aGVpcGFxfGd4OjE0NDgxMDk3NDU1YWRlZTM
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnx0aGVpcGFxfGd4OjE0NDgxMDk3NDU1YWRlZTM
http://doi.org/10.1136/bjsports-2020-102955
http://doi.org/10.1186/1479-5868-10-107
http://www.ncbi.nlm.nih.gov/pubmed/24020702
http://doi.org/10.1016/S0140-6736(16)30370-1
http://doi.org/10.1037/0022-006X.56.6.893
http://doi.org/10.1016/0272-7358(88)90050-5
http://doi.org/10.1016/j.jpsychires.2011.03.011
http://doi.org/10.1007/s11136-016-1454-8
https://warwick.ac.uk/fac/sci/med/research/platform/wemwbs/using/howto/
https://warwick.ac.uk/fac/sci/med/research/platform/wemwbs/using/howto/
http://doi.org/10.1177/0164027504268574
http://www.ncbi.nlm.nih.gov/pubmed/18504506
http://doi.org/10.1101/2020.06.15.20131888v1
http://doi.org/10.3390/nu13041082
http://www.ncbi.nlm.nih.gov/pubmed/33810256
http://doi.org/10.1002/oby.22940
https://www.food.gov.uk/news-alerts/news/covid-19-consumer-tracker-waves-three-and-four-report-published
http://doi.org/10.1186/s12966-015-0210-8

Int. |. Environ. Res. Public Health 2022, 19, 3959 12 of 12

33.

34.

35.

36.

37.

38.

39.

40.

Sidor, A.; Rzymski, P. Dietary choices and habits during COVID-19 lockdown: Experience from Poland. Nutrients 2020, 12, 1657.
[CrossRef]

Schuch, F.B.; Bulzing, R.A.; Meyer, J.; Lépez-Sanchez, G.F; Grabovac, I.; Willeit, P.; Vancampfort, D.; Caperchione, C.M,;
Sadarangani, K.P.; Werneck, A.O.; et al. Moderate to vigorous physical activity and sedentary behavior changes in self-isolating
adults during the COVID-19 pandemic in Brazil: A cross-sectional survey exploring correlates. Sport Sci. Health 2022, 18, 155-163.
[CrossRef]

Hansen, T.; Nilsen, T.S.; Yu, B.; Knapstad, M.; Skogen, ].C.; Vedaa, @.; Nes, R.B. Locked and lonely? A longitudinal assessment of
loneliness before and during the COVID-19 pandemic in Norway. Scand. J. Public Health 2021, 49, 766-773. [CrossRef]

Pieh, C.; Budimir, S.; Humer, E.; Probst, T. Comparing mental health during the COVID-19 lockdown and 6 months after the
lockdown in Austria: A longitudinal study. Front. Psychiatry 2021, 12, 625973. [CrossRef]

Fullana, M.A; Hidalgo-Mazzeia, D.; Vieta, E.; Radua, J. Coping behaviors associated with decreased anxiety and depressive
symptoms during the COVID-19 pandemic and lockdown. J. Affect. Disord. 2020, 275, 80-81. [CrossRef]

Cito, G.; Micelli, E.; Cocci, A.; Polloni, G.; Russo, G.I.; Coccia, M.E.; Simoncini, T.; Carini, M.; Minervini, A.; Natali, A. The impact
of the COVID-19 quarantine on sexual life in Italy. Urology 2021, 147, 37-42. [CrossRef] [PubMed]

Mollaioli, D.; Sansone, A.; Ciocca, G.; Limoncin, E.; Colonnello, E.; Di Lorenzo, G.; Jannini, E.A. Benefits of sexual activity on
psychological, relational, and sexual health during the COVID-19 breakout. J. Sex. Med. 2021, 18, 35-49. [CrossRef] [PubMed]
Vardavas, C.I.; Nikitara, K. COVID-19 and smoking: A systematic review of the evidence. Tob. Induc. Dis. 2020, 18, 20. [CrossRef]
[PubMed]


http://doi.org/10.3390/nu12061657
http://doi.org/10.1007/s11332-021-00788-x
http://doi.org/10.1177/1403494821993711
http://doi.org/10.3389/fpsyt.2021.625973
http://doi.org/10.1016/j.jad.2020.06.027
http://doi.org/10.1016/j.urology.2020.06.101
http://www.ncbi.nlm.nih.gov/pubmed/32888982
http://doi.org/10.1016/j.jsxm.2020.10.008
http://www.ncbi.nlm.nih.gov/pubmed/33234430
http://doi.org/10.18332/tid/119324
http://www.ncbi.nlm.nih.gov/pubmed/32206052

	Introduction 
	Materials and Methods 
	Design and Participants 
	Data Collection 
	Statistical Analysis 

	Results 
	Diet 
	Physical Activity, Sedentary Behaviour and Sexual Activity 
	Mental Health 
	Alcohol and Smoking Behaviour 

	Discussion 
	Conclusions 
	References

