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Abstract.

BACKGROUND: COVID-19 caused a transition to work-from-home conditions, closures of recreation facilities and can-
celation of social events.

OBJECTIVE: This study sought to characterize and quantify the impact COVID-19 related shutdowns had on perceptions
of health and wellbeing, musculoskeletal discomfort, and physical characteristics of workstation set-up in full time workers
who transitioned to working from home.

METHODS: 297 participants from 8 countries completed a retrospective pre/post survey design that assessed outcomes
prior to COVID-19 shutdowns and when each participant was experiencing peak pandemic-related restrictions. There were
3 categories including, health and wellbeing, musculoskeletal discomfort, and workplace ergonomics.

RESULTS: General discomfort on a scale from 1 to 100 increased from 31.4 pre to 39.9 during COVID-19. Notable areas
increasing in severity of discomfort from pre to during included the neck (41.8 to 47.7), upper back (36.3 to 41.3) and right
wrist (38.7 to 43.5). The percentage of the population experiencing discomfort increased from pre to during in the low back
(41.5% to 55.2%), upper back (28.7% to 40.9%), neck (45.5% to 60.9%) and right wrist (16.1% to 23.7%).
CONCLUSION: There were three distinct groups for physical activity including, one group increasing, one maintaining
and one that decreased, which did not have an impact on perceived general discomfort. There was a significant decrease in
usage of a desk and adjustable chair and an increase in laptop use. Working from home in some capacity will likely be a more
common occurrence which will require further ergonomic assessments and considerations to keep a healthy workforce.
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1. Introduction ease prevention approaches including the closure of

recreational facilities, change to working from home,

The impact of COVID-19 varied between coun-
tries, provinces/ states and even regions; however, in
many cases local restrictions resulted in a dramatic
change to day-to-day lifestyle. There are many dif-
ferent models of health which dictate how to handle
changes in lifestyle and which changes play a role in
the development of disease [1]. No matter the model
of health, the consensus is that a prevention approach
is superior to a treatment one [2]. It is therefore
notable that many COVID-19 shutdowns resulted in
dramatic changes in common lifestyle mediated dis-
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and reduction/canceling of social events. While these
methods prevent the spread of an airborne virus, they
come at a cost of limiting access to physical fitness
resources and removing social interactions. Physical
activity and social interactions are two of the key
social determinates of health [3] which influence the
risk of illness. The social determinates of health are
developed from the biopsychosocial model [4] which
takes into consideration the relationship between the
entire human experience and health.

Physical activity (PA) has systemic benefits which
reduce the risk of many chronic medical conditions.
International guidelines recommend 150 minutes
of moderate to vigorous PA per week; however,
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many benefits are seen with a volume much lower
than this threshold [5, 6]. In addition to protecting
against chronic health conditions, strength training
and other forms of exercise therapy have been found
to reduce physical symptoms, specifically neck and
non-specific low back pain [7, 8]. There is also very
strong evidence on the benefits of PA on mental
health [9, 10]. While any form of PA leads to pos-
itive health outcomes, leisure/recreational PA has the
most impact on mental health. Due to the wide bene-
fits, public health messages and campaigns on getting
a population more active are important. The largest
determinants of individual activity habits are the ease
of access and or barriers to the activities. As such,
restrictions implemented in many parts of the world
as a necessity to combat COVID-19, stand to directly
impact these factors [1, 11].

Office spaces and workstations have been
researched for decades to reduce musculoskeletal dis-
comfort and increase worker productivity. Roughly
20-33% of the global population deals with a mus-
culoskeletal disorder (MSD). Furthermore, MSDs are
the number one lost work time claim in Canada
leading to ~$14 billion in production loss [12].
Poor posture and workplace setup is associated with
many MSDs including neck and lower back pain as
well as carpal tunnel syndrome [13-15]. Perform-
ing ergonomic interventions in workplaces can lead
to a return on investment of 3:1 to 15:1 [16] mak-
ing it worth while for companies to spend money
on various interventions such as: training sessions,
workstation redesigns, and accessories (chair, mice,
keyboard, and monitor) [17]. As a result of large-
scale implementation of ergonomic aids across many
sectors, it is likely that many people do not have a
comparable home office set up, which may have left
individuals at risk of developing MSDs during a rapid
pivot to working in an at-home environment.

This study seeks to characterize and quantify the
impact COVID-19 related shutdowns have had on
perceptions of health and wellbeing and muscu-
loskeletal discomfort in full time workers. Working
conditions and behaviour are evaluated before local
peak shutdowns (PRE) and during (PEAK). This
will allow for a better understanding of the possi-
ble detriments from prolonged/repeated shutdowns,
helping future research and public health policy.
Additionally, as working from home in some capac-
ity may continue after restrictions are lifted, work
from home ergonomics require further optimization.
Our hypotheses are threefold, that (1) COVID-19
related shutdowns will result in an increase in seden-

tary behaviour, a shift towards poor dietary choices,
reduced perceived access to healthcare providers and
an increase in anxiety and depression, (2) COVID-19
related shutdowns will result in an increased preva-
lence and severity of site specific musculoskeletal
discomfort and (3) there will be a decreased use of
ergonomic workstation tools while working at home.

2. Methods
2.1. Participants

This study was approved by the university research
ethics board. Prior to completing the online survey
all participants provided informed consent. To be
included in the study, the respondent needed to be
18 years of age or older, English speaking, working
a full-time job, have access to the internet, and had
to make a transition to working from home during
the COVID-19 shutdowns. A convenience sample of
participants were recruited voluntarily through social
media posts, news articles, and word of mouth from
June to December 2021.

2.2. Survey development

The survey was created using QualtricsXM
(Qualtrics, Seattle, WA, Provo, UT, USA) and
included questions on self-reported demographics,
health and wellbeing, musculoskeletal discomfort
(MSD), and office ergonomics. The survey followed
a retrospective pre/post design that assessed out-
comes prior to COVID-19 shutdowns and when
each participant was experiencing peak pandemic-
related restrictions. Given the possible differences
in duration and timing of regional shutdowns, the
participants were asked to base their answers off
when they considered their area to be at its peak
restrictions and were not asked to provide specific
dates. The demographics section asked about age,
gender, sex, location, and occupation. The health
and wellbeing section asked about hours of recre-
ational physical activity, screen time and sedentary
behaviour per week, dietary choices, exercise moti-
vation, general anxiety and depression, and perceived
access to health care. The MSD section asked about
perceived discomfort prevalence and severity in gen-
eral and in 11 specific sites (neck, upper and lower
back, left and right shoulders, elbows, forearms, and
wrists). The ergonomics section asked about work-
station set up: the most used device (laptop, desktop,
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tablet), pointing device (mouse, track pad, stylus),
monitor, chair, desk, and movement behaviour. The
specific wording of questions and multiple-choice
answers was pilot tested with a small group (n=13;
responses not recorded) to ensure there was no confu-
sion to interpretation. This pilot sample consisted of
young and middle-aged professionals (25-30; 35—45
years of age), including occupations such as account-
ing, software engineering, marketing and university
professors experienced in qualitative research using
surveys. All questions were optional following the
completion of the informed consent process.

2.3. Data analysis and statistics

Due to the mass distribution and online nature
of the survey, the responses were reviewed to con-
firm they fit the inclusion criteria. This was done
by discussing the goal and nature of the survey with
Qualtrics employees to develop the following steps.
First, we assessed unique IP addresses to prevent
duplicate responses, next we evaluated for unrea-
sonably fast completion times to reduce the chance
of computer-generated responses and then critically
assessed the responses to specific filtering questions
to remove participants that did not fit the criteria.
To do this, the occupation section was examined,
and responses were removed for any occupation that
could not be performed from a home setting (e.g.,
surgeon, driver). Next, the self-reported questions
were reviewed to ensure that all responses were rea-
sonable, and any outlying data points were removed
based on natural/functional time limitations (e.g., 40+
hours/ week of physical activity, <14 or >150, hours/
week of sedentary behaviour). All incomplete sur-
veys were automatically deleted by Qualtrics after
2 weeks of inactivity. Following data cleaning, 297
complete responses remained for further analysis. To
create equal sample sizes between groups during sta-
tistical analyses, responses were chosen at random
from each group to match the smallest group size.
All statistical analyses are detailed below and were
completed in SPSS version 28.0.0 (IBM Corporation,
Armonk, NY, USA). For all analyses, significance
was set to p <0.05.

2.3.1. Statistical Analysis I — The assessment of
physical activity as a protective lifestyle
measure

The first analysis was a MANOVA for the change
in health and wellbeing from PRE to PEAK shut-
down. During initial assessments, there were three

distinct groups of change in physical activity, one
that increased, one that decreased and one that main-
tained the exact same activity time. The three physical
activity groups were evaluated with dependent vari-
ables of change in: sedentary behaviour (SB), screen
time (ST), exercise motivation (EM), dietary choices
(DC), perceived access to health care (HC), general
anxiety (Anx), general depression (Dep), and gen-
eral discomfort (GD). Any significant main effects
were further investigated with Games-Howell post
hoc analysis.

2.3.2. Statistical Analysis 2 — The assessment of
self-reported musculoskeletal discomfort

To evaluate the effect of timepoint (PRE, PEAK)
on musculoskeletal discomfort a Chi square analysis
was completed on the number of positive responses
to general and site-specific discomfort between
pre and peak shutdown timepoints to evaluate a
change in prevalence. Next #-tests were performed
on the severity of discomfort for general, and site-
specific regions between the pre and peak shutdown
timepoints.

2.3.3. Statistical Analysis 3 — The assessment of
workplace ergonomics

Five separate MANOVAs were performed between
workstation tools and the severity of discomfort in
all areas. The five analyses were device type (desk-
top, laptop, or tablet), input type (mouse, trackpad,
or stylus), adjustable chair (yes or no), proper sized
desk (yes or no) and external monitor/second mon-
itor (yes or no). A Games-Howell post hoc analysis
was performed when necessary to further explore
significant effects. Additionally, a Chi square test
was implemented to explore differences in the use
of the different workstation tools between pre and
peak shutdown time points.

3. Results
3.1. Demographics

There were 297 used responses (147 males, 148
females, 2 intersex) from 8 countries (Canada: 148,
USA: 132, Australia: 11, Germany: 1, Argentina: 1,
Afghanistan: 1, Jordan: 1, and Italy: 1) between the
ages of 18 and 65 (34.7 £ 10.3 years). While there
can be significant diversity both between and within
countries, responses from regions were not balanced
preventing location specific analysis. For the entire
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Mean =+ SD participant demographics

Group (split by change in PA) N Male Female Age (years) Change in PA (hours/week)

Increase 90 46
Decrease 133 60
Maintain 74 41

35.1£11.0 +8.7£12.0
34.0£9.7 -5.17+£35
353+£10.8 0+0

sample, 228 participants were right-handed, 36 were
left-handed, 32 were ambidextrous and 1 no response.
There were 90 responses from the increase in PA
group, 133 from the decrease in PA group and 74
from the maintained PA group. Table 1 provides a
detailed breakdown of the groups.

3.2. The assessment of physical activity as a
protective lifestyle measure

The changes in sedentary behaviour time and
screen time from PRE to PEAK shutdown for each
physical activity group are depicted in Fig. 1. Change
in sedentary behaviour time was significantly dif-
ferent between the group that decreased in physical
activity and the groups that increased (p =0.019) as
well as maintained physical activity level (p =0.013).
Although screen time increased, on average across
all three physical activity groups, the change in
screen time was significantly different between those
that decreased or maintained physical activity levels
(p=0.006).

The changes in perceived health and wellbeing:
EM, DC, HC, Anx, Dep, GD from pre-shutdown to
during shutdown for each physical activity group are
depicted in Fig. 2. Specifically, there were significant
differences between the increased physical activity
group and the decreased physical activity group for
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Fig. 1. Average change in time of sedentary behaviour (SB)
and screen time (ST) from pre-shutdown to during peak local
shutdown. Asterisks (*) denote significant differences (p <0.05)
between groups.

EM (p <0.001), DC (p=0.001), HC (p=0.026), and
Anx (p=0.020). Further, there were significant dif-
ferences between the maintained physical activity
group and the decreased physical activity group for
EM (p<0.001), DC (p=0.003), HC (p =0.001), Anx
(»=0.023), and Dep (p=0.023). No significant dif-
ferences were found for change in GD or between the
increased group and the decreased for any factor.

3.3. The assessment of self-reported
musculoskeletal discomfort

The change in prevalence of site-specific discom-
fort between and PRE and PEAK shutdown time
points are depicted in Fig. 3. Specifically, there were

Anx Dep GD

B Increased PA
ODecreased PA

B Maintained PA

Fig. 2. Average change in perceived difference in exercise motivation (EM), dietary choices (DC), access to health care (HC), anxiety (Anx),
depression (Dep) and general discomfort (GD) from pre-shutdown to during peak local shutdown. Asterisks (*) denote significant differences

(p <0.05) between groups.
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Fig. 3. The change in prevalence of site-specific discomfort as a percentage of the population between PRE and during PEAK shutdown.
Asterisks (*) denote significant differences between the time points (p <0.05).
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Fig.4. The change in perceived severity of general and site-specific discomfort on a scale of 0—100 between PRE and during PEAK shutdown.
Asterisks (*) denote significant differences between the time points (p <0.05).

statistically significant increases in the perceived dis-
comfort of the low back (p=0.021) from 41.5% to
55.2%, the upper back (p=0.015) from 28.7% to
40.9%, the neck (p=0.013) from 45.5% to 60.9%,
and the right wrist (p =0.046) from 16.1% to 23.7%.

The change in severity of general and site-specific
discomfort between the PRE and PEAK shutdown
timepoints is depicted in Fig. 4. Specifically, there
were significant increases in general pain severity
(p<0.001) from 30.90 to 39.72, and pain severity
localized to the low back (p<0.001) from 15.95
to 24.28, the upper back (p<0.001) from 9.81 to

15.93, the neck (p <0.001) from 17.77 to 27.21, the
left shoulder (p =0.013) from 3.85 to 5.98, the right
shoulder (p=0.011) from 6.44 to 8.95 and, the right
wrist (p <0.001) from 5.77 to 9.36.

3.4. The assessment of workplace ergonomics

The results from the five MANOVAs on worksta-
tion set up are as follows. For device (desktop, laptop,
tablet) use: the use of a tablet resulted in less dis-
comfort in the low back than a laptop (p=0.019)
and had less discomfort than a desktop in the right
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Fig. 5. The change in usage of different occupational devices as a percentage of the population between PRE and during PEAK shutdown.
Asterisks (*) denote significant differences between the time points (p <0.05).

elbow (p=0.025), right forearm (p = 0.046), and right
wrist (p=0.036). There were no differences in dis-
comfort between any of the input devices (mouse,
trackpad, and stylus) for any location. Using a mon-
itor resulted in lower discomfort in the right forearm
(p=0.010); however, there were no further significant
differences. The use of a properly sized desk resulted
in a lower general discomfort (p=0.008), as well
as reduced discomfort in the lower back (p <0.001),
right forearm (p =0.012), and right wrist (p =0.045).
The use of an adjustable chair resulted in a lower
discomfort in the lower back (p =0.045).

The change in prevalence of ergonomic tool usage
between PRE and PEAK shutdown timepoints are
depicted in Fig. 5. Specifically, there were significant
decreases in desktop usage (p <0.001) from 38.9% to
20.9%, and properly designed desk usage (p =0.032)
from 89.6% to 72.3%. Further, there was a statisti-
cally significant increase in laptop usage (p <0.001)
from 32.9% to 52.2%.

4. Discussion

4.1. The assessment of physical activity as a
protective lifestyle measure

Our initial expectation for physical activity would
be that it would decrease during COVID-19 shut-
downs due to the closure of fitness facilities. This

hypothesis came from the health belief model in
which there are four broad factors that impact a
person’s adoption of a health behaviour, perceived
susceptibility to disease, perceived severity of dis-
ease, perceived cost and barriers, and motivation [11].
Our belief was that people would perceive that by
increasing the difficulty of performing exercise, the
benefits no longer outweigh the costs. The result was
more complicated that this, we found three groups,
one which decreased, one that maintained and one
that increased recreational physical activity. A key
difference between these groups was their motivation
to exercise; the decrease group had a larger reduc-
tion in exercise motivation than the other two while
the increase group also increased motivation to exer-
cise. An important factor which was not looked into
was the access to alternative forms of exercise. The
majority of our responses came from developed coun-
tries which have invested into the development and
planning of a city to promote healthier lifestyles.
This may be a trend that cities can look into to
put less of a reliance on typical forms of physical
activity. While there were no differences in physical
discomfort, the maintained and increased group had
less screen time and made healthier dietary choices.
Research has been done on the effect of changing
working environment during the pandemic [18]. The
change to working from home resulted in signifi-
cantly lower physical activity compared to workers
who maintained their previous working style, either
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on site or hybrid. This finding was done with work-
ers from the same region under similar restrictions.
While at a workplace, many companies advocate for
moving around to reduce the sedentary behaviour,
they may need to adopt a similar strategy to encour-
age movement while working from home [19]. With
an increased amount of freedom and opportunity for
midday exercise, there may need to be changes to
what is considered a to be a normal workday, includ-
ing working hours.

All three physical activity groups experienced an
increase in general anxiety, depression, and physi-
cal discomfort during the shutdown. The increases in
general anxiety and depression during the COVID-
19 shutdowns has been demonstrated by previous
research as social distancing behaviour increases
[20]. Our results also agree with the effect of recre-
ational physical activity as a mediating agent for
mental health. Our results show that increasing phys-
ical activity is not related to higher benefits but that
decreasing is related to worse mental health and
healthy lifestyle choices. This result may be do less
to the activity itself but more to the sense of normalcy
that it provides. Previous research has demonstrated a
positive association with health-related quality of life
measures and physical activity [10]. Our results com-
pliment these findings that maintaining or increasing
reduces the negative changes to health-related quality
of life from the COVID-19 shutdowns.

4.2. The assessment of self-reported
musculoskeletal discomfort

Given there was no effect on amount of physi-
cal activity and general discomfort, prevalence, and
severity, all data were evaluated as a single group
across the different PRE and PEAK timepoints. The
lack of impact of physical activity on general dis-
comfort contradicts previous findings [6, 21]. While
there was no increase in general discomfort preva-
lence during the PRE/PEAK timepoints, there were
significant increases in site-specific areas (Fig. 4).
We reported a significant change in the prevalence
(from PRE/PEAK) of MSK discomfort of 15.1%,
13.6% and 7.1% for the neck, low back, and right
wrist, respectively. Further, these changes in muscu-
loskeletal discomfort are associated with our reports
of workstation ergonomics [13, 14, 22]. We also
found that the reporting of severity for general dis-
comfort changed by 9/100, low back by 8/100 and the
neck by 10/100. The increase in severity of discom-
fort across the musculoskeletal regions identified here

is concerning but the increase of prevalence is more of
a sign that there is a widespread problem. The preva-
lence of self-reported discomfort across body regions
is particularly elevated during the PEAK shutdown
timepoint, and these results mirror those reported in
response to online learning during COVID-19 related
shutdowns [23]. Given that the job stayed the same
and the location changed, these results highlight the
importance of assessing the effects on COVID-19
related shutdowns on workplace ergonomics in a
home-based setting.

4.3. The assessment of workplace ergonomics

Our evaluation of home-based workstations was
done in two parts, the first analysis evaluated
the effect of an ergonomic tool on self-reported
musculoskeletal discomfort. The first analysis was
examined as a single sample regardless of timepoint
(i.e., PRE/PEAK). Using a laptop or a desktop did
not have an influence on the prevalence of discom-
fort for any body area. There was also no difference
in prevalence of discomfort across pointing devices
(using a trackpad, mouse, stylus) or using an external
monitor. Both findings go against previous research
on recommended workstation ergonomics, suggest-
ing that an external mouse and monitor can improve
posture and reduce discomfort [24]. Our work found
that simply working from a desk yields reductions
in general, low back, right forearm, and wrist dis-
comfort. Poorly fitted desks force the worker to
make decisions on functionality and space instead of
ergonomics such as changing keyboard and mouse
position [25].

The second analysis evaluated how wuse of
ergonomic tools changed due to the shutdown. Previ-
ous research has found that more than half of people
working from home do not have an ergonomically
designed office space to work in and 18% of people
do not have a designated working area [25]. Fur-
ther, there has been some evidence of elevated ROSA
scores, where half of one sample had scores over 5
which is at the threshold for a high risk of WMSD
[26]. While our results did not demonstrate a rela-
tionship between reported discomfort and device use,
there was a significant shift from desktop to laptop
use during the shutdown. We found that desktop use
decreased by 18% and laptop use increased by 19%
from pre to peak. There was a decrease in adjustable
chair use by 16%, however this was not a significant
change. This may be due to our broad question that
failed to specify exactly the definition or classifica-
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tion of an adjustable chair. There is a large difference
between a chair that adjusts in vertical height ver-
sus a chair that is fully adjustable (arms, lumbar,
seat pan tilt, etc.) as each of these play a role in
the risk of development of MSD [24]. To expand
on the current results, it would be beneficial to do
a more thorough breakdown on the quality of chair
workers have while at home versus at work. Further-
more, there was also a significant decrease in use
of a desk while working from home. Many respon-
dents shared a workspace with other members in the
household, having the space for one desk or even
multiple may be a limitation for many people. The
effectiveness of space friendly desk solutions should
be evaluated and may be a growing market as work-
ing from home becomes more common. We found no
changes in peripheral/pointing device (mouse, track-
pad, or stylus) used from pre to post. Seat height
and monitor distance changes how the worker inter-
acts with the rest of the workstation and can be
associated with greater discomfort [25]. We found
increased laptop use and decreased (not significant)
external monitor use and when coupled with lack of
access to an adjustable chair and/or desk, together
these variables likely correspond with increased
severity of discomfort to the low back, neck,
and wrist.

If working from home or hybrid continues and
the reported increases in prevalence and severity
of discomfort are, at least in part, due to at home
workstations, this can have large implications for
workplace injury and insurance claims. While at
work, companies often supply proper work chairs and
desk for their employees. From our sample, very few
received assistance from their work to create their
home workstation. The respondents that did receive
assistance were given their work computers or mon-
itors and only one reported being provided a chair.
This will be a topic that needs more research from
ethical, legal, and economic perspectives; however,
the results reported here suggest that workers need to
optimize at home workplace ergonomics to limit the
occurrence of discomfort.

4.4. Limitations

Given the breadth of our survey to cover three
main topics, health and wellbeing, musculoskeletal
discomfort, and ergonomics there were limitations.
Our questions were structured to capture a wide
population and was not occupation specific; occupa-
tion has an important role in injury risk, suggesting

that occupation should be assessed individually in
future studies. All surveys have unique individual
interpretation of the questions, resulting in some
subjective interpretation; however, our pilot testing
on a small group helped limit variety in ques-
tion interpretation. There were also retrospective
questions, requiring participants to recall behaviour
to their peak pandemic-related restrictions, which
could have bias. Additionally, our free-form design
allowed respondents to report any value for physi-
cal activity. While we removed responses that were
unreasonable, more control over the time or strin-
gent guideline may yield different results. Many
geographical areas and regions had different strate-
gies for COVID-19 related restrictions/shutdowns
and as well as economic status, unbalanced sam-
ple sizes prevented a detailed analysis on the effect
of location. While we limited our evaluation to
consider only changes to working from home and
closure of recreation facilities, a more location
specific analysis should be performed to stratify
the analysis for specific national and international
regions.

5. Conclusions

For many, COVID-19 related shutdowns greatly
changed our lives for a period of time and some peo-
ple will continue to be influenced by the changes.
Working from home could be viewed with many
positive changes such as reduced commuting, more
family time and freedom with scheduling; these
changes may make a work from home model con-
tinue in some capacity moving forward [27]. Along
with the positive came some negative consequences
to health. However, many of the reported negatives
can be resolved with proper intervention. Stay-
ing active helps moderate negative mental health
changes from reduced socialization. Physical activity
also helps moderate healthier lifestyle characteristics
such as dietary choices and sedentary time. Dur-
ing the COVID-19 shutdown, there were increases
in both severity and prevalence of discomfort in
areas commonly affected by workstation set up and
ergonomics. Proper home workspace ergonomics
(fully adjustable chair and desk) can reduce the phys-
ical symptoms experienced. Companies need to be
aware of these changes and should be responsible
for ensuring their employees have what they need,
just as they are while the employee is at the work-
place.
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