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Background Emerging cross-sectional reports find that the COVID-19 pandemic and related social restrictions

negatively affect lifestyle behaviours and mental health in general populations.

To study the longitudinal impact of COVID-19 on work practices, lifestyle and well-being among

We added follow-up after completion of a clinical trial among desk workers to longitudinally measure
sedentary behaviour, physical activity, sleep, diet, mood, quality of life and work-related health using
validated questionnaires and surveys. We compared outcomes assessed before and during COVID-19
shelter-at-home restrictions. We assessed whether changes in outcomes differed by remote working
status (always, changed to or never remote) using analysis of covariance (ANCOVA).

Participants (N = 112; 69% female; mean (SD) age = 45.4 (12.3) years; follow-up = 13.5 (6.8)
months) had substantial changes to work practices, including 72% changing to remote work.
Deleterious changes from before to during shelter-at-home included: 1.3 (3.5)-h increase in non-
workday sedentary behaviour; 0.7 (2.8)-point worsening of sleep quality; 8.5 (21.2)-point increase
in mood disturbance; reductions in five of eight quality of life subscales; 0.5 (1.1)-point decrease in
work-related health (P < 0.05). Other outcomes, including diet, physical activity and workday sed-
entary behaviour, remained stable (P > 0.05). Workers who were remote before and during the pan-
demic had greater increases in non-workday sedentary behaviour and stress, with greater declines
in physical functioning. Wake time was delayed overall by 41 (61) min, and more so in workers who

Employers should consider supporting healthy lifestyle and well-being among desk workers during

Aims
desk workers during shelter-at-home restrictions.
Methods
Results
changed to remote.
Conclusions
pandemic-related social restrictions, regardless of remote working status.
Key words
Introduction

The COVID-19 pandemic has resulted in drastic social
distancing measures. In Pittsburgh, PA, USA, a shelter-
at-home mandate was in place from March through
May of 2020, restricting non-essential activities to at-
tenuate the spread of the novel coronavirus. Yet, among
health behaviour researchers, there has been wide-spread
speculation of potential adverse health impacts of such
restrictions, including unfavourable changes to the 24-h
activity cycle (less physical activity, more sitting, reduced
sleep quality), more screen time and unhealthy eating
and worsened mental health [1-3]. Indeed, initial evi-
dence from cross-sectional and survey studies [4-10] has
corroborated the occurrence of these adverse effects to

health behaviours and well-being. However, longitudinal
investigation of these unintended consequences of social
restriction would strengthen conclusions.

In addition to population-level effects, social restric-
tions may have specific effects among desk workers. One
consequence of shelter-at-home mandates was a shift
to remote work for non-essential workers. Even as re-
strictions are loosened, remote work continues to be en-
couraged or required by many US companies and may
remain so indefinitely [11]. This underscores that the
significance of understanding the health effects of re-
mote work practices is not limited to the effects of the
COVID-19 pandemic response. Technology has changed
the capabilities of conducting remote work by addressing
most limitations; in fact, prior to the global pandemic, up
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Key learning points

What is already known about this subject:

sential workers.

What this study adds:

interactions and less formal workstations.

delayed.

 To limit transmission of COVID-19, governments enacted social restrictions that limited in-person work to es-

 In cross-sectional surveys of general adult populations, social restrictions related to COVID-19 are reported to
have deleterious effects on lifestyle behaviours, such as more sedentary behaviour, less physical activity, reduced
sleep quality and unhealthy eating, along with reduced mental health.

* During COVID-19, desk worker practices were profoundly impacted, including more sedentary/less active
work, increased remote work and changes to the social and physical work environment such as less in-person

* Compared to approximately 1 year before the pandemic, desk workers tended to increase sedentary time and
had reduced sleep quality, worse mood, decreased quality of life and decreased work-related health during the
COVID-19 shelter-at-home period; yet, diet and physical activity did not change and typical wake time was

» Contrary to our hypothesis that desk workers switching to remote work would have the greatest adverse changes,
similar changes were observed across remote working categories (i.e. never, changed to or always) and, if any-
thing, always remote workers had the greatest deleterious changes.

What impact this may have on practice or policy:

* Employers should consider programmes or interventions to support healthy lifestyle and well-being among desk
workers during pandemic-related social restrictions to maximize occupational health and performance.

» These programmes should target all desk workers, regardless of remote working status.

to 87% of American workers reported that they would
like to work remotely at least some of the time but only
20% reported working remotely one or more days per
week [12]. As work is a major determinant of daily ac-
tivity and social interaction [13,14], the effect of chan-
ging from in-office to remote work on lifestyle behaviours
and well-being is an area in need of research.

To address these research questions, we leveraged a
unique opportunity in the ongoing Reducing Sedentary
Behaviour and Blood Pressure (RESET BP) random-
ized clinical trial. In this 3-month sedentary behaviour
reduction intervention trial among desk workers, we had
previously measured sedentary behaviour, moderate-to-
vigorous intensity physical activity, sleep, diet, mood,
quality of life and work health outcomes before social
restrictions related to COVID-19 were instituted in the
USA. We then repeated these assessments during the
COVID-19 shelter-at-home period among participants
who had already completed the trial. Our primary hy-
potheses were that the COVID-19 shelter-at-home re-
strictions would negatively affect self-reported health
behaviours (sedentary behaviour, physical activity, sleep
and diet) and well-being (mood, quality of life and work
health). Further, using the natural variability in engage-
ment in remote work during the shelter-at-home re-
strictions, we evaluated secondary hypotheses that desk
workers changing to remote working status during the
pandemic would experience greater changes in health
behaviours and well-being compared to those with stable
on-site or those already remote working statuses.

Methods

This natural experiment leveraged pre-existing ‘base-
line’ data, collected upon completion of participation in
the RESET BP trial (clinicaltrials.gov: NCT03307343).
Beginning in January 2018, the RESET BP trial ran-
domized desk workers with elevated, untreated blood
pressure, who self-reported >20 h of deskwork and
<150 min of moderate-to-vigorous intensity physical
activity per week to either a 3-month multicomponent
sedentary behaviour reduction intervention or a
no-treatment control group. Final RESET BP trial
measurements were considered baseline because these
were the most recent data collected before COVID-19
and participants had completed participation in the
intervention prior to this assessment. We conducted
an additional survey from May to June 2020, during
COVID-19 shelter-at-home in Pennsylvania, USA, in
participants who had completed the trial; these data
were considered ‘follow-up’.

RESET BP participants who had completed the
trial were recontacted by study personnel and, if inter-
ested, provided informed consent, and completed the
follow-up electronic survey. All procedures were ap-
proved by the University of Pittsburgh Human Research
Protection Office. Of 134 participants invited, 112 con-
sented to participate, were employed in February 2020
(immediately prior to the shelter-at-home period) and
completed at least part of the follow-up survey (83%).
With the rolling recruitment of the parent trial, average
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(SD) time between the pre-COVID-19 baseline and the
COVID-19 follow-up was 13.5 (6.8) months.

Participants were asked to report employment char-
acteristics immediately before (i.e. February 2020) and
during COVID-19 shelter-at-home (i.e. at the time of
survey data collection) to describe changes in work prac-
tices. These included work duration, work-time activity
patterns and the social and physical environment of their
workplace.

To collect harmonious data with other researchers
studying the broad effects of COVID-19, we used the
Epidemic-Pandemic Impacts Inventory (EPII) [4]. The
EPII asks participants to report perceived personal and
household impacts of the pandemic across a variety of
domains, including work, education, home life, social ac-
tivities, health, economic stability and positive changes.
We summed the number of items reported within each
domain and reported these as the mean and proportion
of domain items. We further reported the prevalence of
individual items within the four personal domains with
the highest reported impact.

Lastly, longitudinal assessments conducted before
and during COVID-19 shelter-at-home included self-
reported lifestyle behaviours and well-being. Lifestyle
behaviours were assessed by validated instruments, i.e.
workday and non-workday sedentary behaviour meas-
ured by the Sedentary Behaviour Questionnaire [15];
moderate-to-vigorous intensity physical activity meas-
ured by the Paffenbarger Physical Activity Questionnaire
[16]; and sleep quality, duration and timing by the
Pittsburgh Sleep Quality Index [17]. Dietary habits
were measured by the Diet Screener Questionnaire [18].
Well-being measures included validated instruments for
health-related quality of life (Short Form (SF)-36 [19]),
mood (Profile of Mood States [20]) and work health out-
comes (Work and Health Questionnaire) [21].

We computed appropriate descriptive statistics
(means and standard deviations for continuous data; fre-
quencies and percentages for categorical data) to char-
acterize the sample and summarize measures before and
during COVID-19, as well as changes. We used paired
samples z- and sign tests to assess statistical significance
of paired continuous variables, McNemar tests for paired
dichotomous variables and Bowker’s tests for paired cat-
egorical variables to assess significance of overall pre- to
during COVID-19 change. To compare ‘before COVID-
19’ to ‘during COVID-19’ changes in measures across
the three groups defined by change in remote work prac-
tices (always: >50%; switched to: from <50 to >50%;
never: <50% remote work), we fitted a series of ana-
lysis of covariance (ANCOVA) models with change in
each measure as the dependent variable, group as the
independent factor of interest and ‘before COVID-19’
value of the measure as a covariate. For heavily skewed
moderate-to-vigorous intensity physical activity data,
we used the non-parametric Kruskal-Wallis test. SAS

version 9.4 (SAS Institute, Inc., Cary, NC) was used for
statistical analyses.

Results

Participants were, on average, in their mid-40s and
mostly female, white, non-Hispanic and had a college
degree or higher (Table 1). Most participants had profes-
sional/managerial/technical jobs in academia or private
industry. As a result of COVID-19, many participants
continued full-time desk work, but most changed to re-
mote work. A small proportion of participants reported
reduced hours or more substantial work disruptions such
as furlough or termination.

Among participants with continued work, changes
in work practices from before to during COVID-19

Table 1. Participant characteristics (N = 112)

Mean (SD) or n (%)

Age 45.4 (12.3)
Gender
Male 35 (31)
Female 77 (69)
Race®
White 98 (88)
Black 8 (7)
Asian 8 (7)
Native American 1(1)
Pacific Islander 1 (1)
Ethnicity
Non-Hispanic 109 (97)
Hispanic 3 (3)
Education
High school 2 (2)
Vocational training or some college 22 (20)
College graduate 48 (43)
Postgraduate degree 40 (36)
Job category
Sales or service 5 (5)
Clerical/administrative support 28 (25)
Professional/managerial/technical 72 (64)
Other 7 (6)
Job industry
Academia 56 (50)
Industry 53 (47)
Government 3 (3)
Employment status during shelter-at-home
Full-time, same location 25 (22)
Full-time, changed to remote 66 (59)
Reduced hours, same location 1(1)
Reduced hours, changed to remote 6 (5)

Wias laid off or furloughed, but now back 1(1)
Currently laid off/furloughed/terminated 6 (5)
Other 7 (6)

2Could report more than one race.
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shelter-at-home are reported and statistically com-
pared in Table 1 (available as Supplementary data at
Occupational Medicine Online). Only typical work dur-
ation (~8 h per day), frequency of taking a structured
lunch break (median was ‘about half the time’) and pro-
portion of time spent in heavy physical duties (2%) re-
mained unchanged. From before to during COVID-19
shelter-at-home, more participants reported a flexible
work schedule (55 to 70%, P < 0.01) and the option
to work from home (28 to 91%, P < 0.001). The pro-
portion of work that was performed remotely increased
from 16 to 84% (P < 0.001). Work activity also differed
significantly, including more sedentary work (more sit-
ting, less standing and less light physical duties, all
P < 0.001), less in-person, face-to-face interactions and
more remote, face-to-face interactions (both P < 0.001),
reduced interactions with friends during or after work
(both P < 0.001) and a higher likelihood of leaving one’s
desk during lunch (P < 0.05). Participants’ office envir-
onment also differed from before to during shelter-at-
home; most notably, 2% versus 38% reported no formal
workstation and 64% versus 15% reported having a
height-adjustable workstation (both P < 0.001).
Participant-reported pandemic-related hardships for
self and household are summarized by domain in Table 2
(available as Supplementary data at Occupational Medicine
Online). For self, the highest proportion of hardships
was reported for social (mean 4.9 of 10 items, 49%),
physical health (mean 2.7 of 8 items, 34%) and emo-
tional/well-being (mean 2.0 of 8 items, 25%) domains.

For household, similar hardship domains were most fre-
quent, though scores were lower. Positive changes were
also commonly reported (e.g. for self, mean 7.0 of 19
items, 37%). Figure 1 reports the frequency of indi-
vidual hardships (ranked from highest to lowest) among
the four domains with the highest proportional scores.
The most common social restrictions were cancellations
(events or vacations), inability to do activities (hobbies or
social) and separation from family and friends. Physical
health problems most reported were sitting more, less
physical activity, less healthy eating and reduced med-
ical care. An increase in screen time was the most re-
ported hardship in the emotional health domain. Positive
changes reported by at least half of participants included
being more appreciative, more quality time with loved
ones and increased attention to personal health.

From our longitudinal analysis comparing data col-
lected before versus during the COVID-19 shelter-
at-home, participants experienced several statistically
significant changes (P < 0.05) in lifestyle parameters
(Table 2). Participants increased sedentary behaviour
during non-workdays, though sedentary behaviour
during workdays and moderate-to-vigorous intensity
physical activity did not change. Sleep quality, both the
global score and its factor score, was worsened, though
sleep duration and other factors were unchanged. Typical
wake time was significantly delayed, while bedtime did
not change. Dietary habits were largely unchanged, ex-
cept for a reduced frequency of eating red meat during
shelter-at-home.

A. Social Restrictions

Family celebrations canceled or restricted 80%
Unable to do enjoyable activities or hobbies 76%
Separated from family and friends 72%
Unable to participate in social activities 70%
Planned travel or vacations cancelled 69%

Religious activities cancelled or restricted n———————————————— 57 %,
Unable to attend funeral or religious service —m— 239%
Unable to visit loved one in care facility ——— 24%

0% 20% 40% 60% 80%  100%

B. Physical Health Problems

More sitting or being sedentary 87%
Less physical activity =—————————————— 52 %,
Qvereating or less healthy eating = ————— 54%
Less medical care than usual T E————— 49%
Increase in non-COVID-19 health problems s 13%
Medical procedure cancelled ==m 8%
Family member ncot able to get needed care == 5%

0% 20% 40% 60% 80% 100%

Improved relationships with family or friends I 1%

C. Emotional Health Problems

More time on screens or devices 82%
Increase in mental health problems ——  —— 44%,
Increase in sleep problems = 42%
Increased use of alcohol or substances ——— 28%
Unable to access mental health care = 4%
Unfavorable changes to mental health care = 3%
Increase in child sleeping difficulties = 0%
More child behavior/emctional problems = 0%

0% 20% 40% 60% 80% 100%

D. Positive Changes
More appreciative I 73%

More remote quality time with loved ones GGG (6%
More quality time with partner/spouse NG 550
Paid more attention to personal health IEG_GE 50%

More time doing enjoyable activities N 19%
More time outdoors NN 6%

More quality time with children IEG—_—_—— 1%
Ate healthier foods I 36%
Donated to a cause related to COVID-19  IEEG————  36%
More physical activity NN 31%
Paid more attention to preventing injuries I 31%
More efficient at work I 28%
Found greater meaning in work | 25%
Developed new hobbies I 25%
Volunteered time I 23%
New connections with supportive people I 23%
Less use of alcohol or substances W 10%
Less time on screens outside of work Il 6%

0% 10%20% 30%40% 50%60% 70% 80% 90%100%

Figure 1. Pandemic impacts reported by desk workers on self in the social restrictions (A), physical health problems (B), and emotional health

problems (C) domains as well as positive changes (D).
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Table 2. Longitudinal impact of the COVID-19 pandemic on sedentary behaviour, physical activity, sleep and dietary habits

Before shelter-at-home During shelter-at-home Change P-value
Sedentary behaviour?
Workday, h/day 10.9 (3.8) 11.3 (4.3) 0.5 (4.4) NS
Non-workday, h/day 7.5 (3.6) 8.7 (4.1) 1.3 (3.5) <0.001

Physical activity®
Moderate activity, min/week
Vigorous activity, min/week
Moderate-to-vigorous activity, min/week
Sleep®

0 [0, 0]

Global sleep quality, pts 5.0 (3.1)
Sleep efficiency factor, pts 0.9 (1.2)
Sleep quality factor, pts 2.2 (1.9)
Daily disturbance factor, pts 1.9 (0.9)
Sleep duration, h 6.7 (1.0)

Bed time, hh:mm (min)
Wake time, hh:mm (min)
Dietary habits®

Fruits and vegetables, cups/day 2.6 (0.8)
Added sugars, tsp/day 14.9 (4.4)
Sugars from sugar-sweetened beverages, tsp/day 5.6 (3.3)
Dairy, cup/day 1.5 (0.6)
Whole grains, oz/day 0.8 (0.4)
Calcium, mg/day 961 (201)
Fibre, g/day 16.7 (3.5)
Red meat, times/week 2.5 (2.2)
Processed meat, times/week 1.5 (1.9)

70 [30, 120]

80 [30, 150]

10:47 p.m. (69)
06:20 a.m. (67)

90 [10, 150]
0 [0, 0]
95 [20, 180]

0[-50,70] NS
0 [0, 0] NS
0[-60,90] NS

5.7 (3.5) 0.7 (2.8) <0.05
1.1 (1.3) 0.1 (1.2) NS
2.5 (2.0) 0.4 (1.6) <0.05
2.1 (1.2) 0.2 (1.1) NS
6.9 (1.0) 0.2 (0.9) NS
10:52 p.m. (80) 7 (56) NS
7:02 a.m. (82) 41 (61) <0.001
2.5 (0.7) -0.1 (0.6) NS
15.1 (5.1) 0.1 (3.5) NS
5.8 (3.5) 0.1 (1.9) NS
1.6 (0.5) 0.0 (0.4) NS
0.8 (0.3) -0.0 (0.3) NS
958 (175) 2 (123) NS
16.4 (3.3) -0.3 (2.3) NS
2.0 (1.5) -0.4 (1.6) <0.01
1.5 (1.5) —0.1 (1.8) NS

Data are reported as mean (SD), median [25th, 75th percentile] or time (hh:mm). Measured by the *Sedentary Behaviour Questionnaire [15], the "Paffenbarger
Physical Activity Questionnaire [16], the ‘Pittsburgh Sleep Quality Index [17] and the “Diet Screener Questionnaire [18]. Before shelter-at-home N = 111; during

shelter-at-home N = 100-104; change N = 99-103.

Statistically significant longitudinal changes were ob-
served for mood, quality of life and work health (Table
3). Total mood disturbance increased significantly, re-
flecting unfavourable changes in subscales of anger, de-
pression, esteem-related affect, vigour and confusion (all
P < 0.05). For quality of life, pain, social functioning,
emotional well-being, emotional role limitations and
energy/fatigue all worsened significantly while general
health and physical health subscales were unchanged. The
overall work health score worsened, reflecting unfavour-
able changes in subscales of productivity, concentration
and satisfaction (work, personal life and supervisor) (all
P < 0.05). Notably, the impatience/irritability subscale
and stress did not change significantly (2 > 0.05).

A secondary objective was to evaluate whether changes
in remote working status altered the longitudinal impact
of the COVID-19 pandemic on desk worker outcomes
using ANCOVA. Thus, changes from pre- to during
COVID-19 shelter-at-home were compared across par-
ticipants by the following remote work status categories:
always remote (z = 15), changed to remote (n = 74)
and never remote (z = 14). Follow-up time and demo-
graphic characteristics (age, gender, race/ethnicity, edu-
cation) were similar across categories (all P > 0.05). For

sedentary behaviour, physical activity and sleep (Table
4), few changes from pre- to during shelter-at-home
were statistically different across remote work categories.
Increases in non-workday sedentary behaviour were
highest in the ‘always remote’ category (P < 0.05) and
wake times were most prominently shifted later in workers
who changed to remote (P < 0.01). Similarly, few differ-
ences in pandemic-related changes were observed across
remote work categories for mood, quality of life or work
health (Table 5). ‘Always remote’ participants reported
greater declines in physical functioning (P < 0.01) along
with greater increases in stress (P < 0.05).

Discussion

In this natural experiment that added a follow-up assess-
ment among desk workers who had completed a clin-
ical trial, we aimed to evaluate the immediate impact of
COVID-19 shelter-at-home on health behaviours and
well-being. We found that, though most participants re-
mained in full-time employment, their daily work experi-
ences and personal lives changed substantially. Changes
included more remote work at less formal workstations,
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Table 3. Longitudinal impact of the COVID-19 pandemic on mood, quality of life and work health

Before shelter-at-home During shelter-at-home Change P-value
Mood disturbance?
Total mood disturbance, pts —6.0 (19.9) 2.2 (25.3) 8.5 (21.2) <0.001
Tension subscale, pts 5.7 (5.1) 6.7 (5.9) 1.0(5.5) NS
Anger subscale, pts 4.1 (3.8) 5.0 (5.0) 1.0 (4.5) <0.05
Fatigue subscale, pts 5.3 (4.3) 5.8 (4.7) 0.5 (4.2) NS
Depression subscale, pts 2.2 (3.2) 3.5 (4.3) 1.5 (3.9) <0.001
Esteem-related affect subscale, pts 14.9 (2.5) 13.9 (2.8) -1.1 (2.6) <0.001
Vigour subscale, pts 11.6 (4.2) 10.3 (5.1) -1.4 (4.9) <0.01
Confusion subscale, pts 3.3 (2.9) 4.3 (3.5) 1.1 (2.7) <0.001
Quality of life®
General health, pts 70.5 (15.1) 69.9 (16.5) —1.0 (12.0) NS
Physical functioning, pts 92.1 (14.5) 91.7 (16.0) 0.1(18.4) NS
Role limitations due to physical health, pts 93.7 (22.5) 88.1 (26.4) —5.6 (29.8) NS
Pain, pts 87.1 (14.7) 81.7 (18.1) =5.1 (14.7) <0.001
Emotional well-being, pts 77.5 (14.8) 71.4 (17.9) —6.9 (16.0) <0.001
Social functioning, pts 90.5 (17.4) 84.1 (19.4) —-6.8 (22.4) <0.01
Role limitations due to emotional health, pts 87.4 (26.2) 74.8 (36.2) —14.9 (37.0) <0.001
Energy/fatigue, pts 57.6 (17.9) 54.5 (19.6) -3.6 (17.2) <0.05
Work health®
Total work health score, pts 7.6 (1.1) 7.3 (1.3) -0.5 (1.1) <0.001
Productivity subscale, pts 7.4 (1.2) 7.1 (1.6) -0.4 (1.2) <0.01
Impatience/irritability subscale, pts 8.1 (1.7) 8.2 (1.8) 0.1 (1.9) NS
Concentration/focus subscale, pts 7.9 (1.9) 7.6 (2.0) -0.4 (1.7) <0.05
Work satisfaction subscale, pts 7.2 (1.4) 6.7 (1.8) —0.6 (1.0) <0.01
Satisfaction with supervisor subscale, pts 7.7 (2.1) 7.2 (2.4) -0.7 (2.7) <0.05
Personal life satisfaction subscale, pts 8.0 (1.6) 7.3 (2.1) -0.8 (2.0) <0.001
Stress (single item), pts 4.9 (2.5) 4.7 (2.7) -0.2 (3.1) NS

Data are reported as mean (SD). Measured by the *SF-36 [19], the ®Profile of Mood States [20] and the “Work and Health Questionnaire [21]. Before shelter-at-home

N = 108-111; during shelter-at-home N = 92-104; change N = 89-103.

reduced in-person social interactions during work and
leisure time and health behaviour changes that were
both negative (e.g. increased sitting and screen time)
and positive (e.g. paying more attention to personal
health). Using validated questionnaires with an average
13.5-month follow-up interval, we confirmed our hy-
potheses that the restrictions implemented due to the
pandemic would negatively impact health behaviours
and well-being. Negative impacts included more seden-
tary behaviour on non-workdays, reduced sleep quality,
increased mood disturbance, reduced quality of life
and reduced work health. While no dietary habits were
found to worsen, red meat consumption was reduced;
this could reflect reduced local meat availability during
the COVID-19 survey period. Importantly, some fac-
tors did not worsen from pre- to during the COVID-
19 shelter-at-home including lifestyle behaviours (e.g.
workday sedentary behaviour, physical activity and most
diet habits) and some subscales of mood (e.g. fatigue),
quality of life (e.g. general health) and work health (e.g.
stress). Moreover, contrary to our hypotheses, a change
to remote work was not associated with worse changes in
health behaviours and well-being. Few differences were

observed across remote working categories and these
indicated, if anything, that workers who were already
remote and remained so experienced the greatest nega-
tive impact from the pandemic. Wake time was shifted
significantly later among workers who switched to re-
mote work, which could be viewed as a positive change
resulting from commuting time no longer curtailing
workday sleep [22].

The current study is strengthened by our longitudinal
design that capitalized on previously collected, validated
instruments measuring lifestyle and well-being to measure
the impact of the COVID-19 pandemic during the initial
shelter-at-home period. Weaknesses include the small,
homogenous sample of desk workers with elevated blood
pressure who were previously enrolled in a randomized
clinical trial to reduce sedentary behaviour. Though this
may limit generalizability, this sample provides detailed
insight into desk workers’ unique experiences during this
pandemic and likely improves the validity of our com-
parisons across remote working categories. A significant
study limitation is that the effect of previous participa-
tion in the sedentary behaviour reduction intervention
(either in the active intervention or control group) on
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Table 4. Longitudinal changes in on sedentary behaviour, physical activity, sleep and dietary habits by remote working category

Always remote (z = 15) Changed to Never remote (z = 14) P-value
remote (n = 74)
Sedentary behaviour?
Workday, h/day 0.8 (6.9) 0.5 (4.0) 0.5 (4.1) NS
Non-workday, h/day 2.6 (4.9) 0.9 (2.7) 1.3 (3.2) <0.05
Physical activity®
Moderate activity, min/week =5 [60, 180] 0 [-60, 65] 0 [0, 45] NS
Vigorous activity, min/week 0 [0, 0] 0 [0, 0] 0 [0, 0] NS
Moderate-to-vigorous activity, min/week 35 [-60, 180] 10 [—64, 90] 0 [0, 45] NS
Sleep*
Global sleep quality, pts 1.4 (3.0) 0.6 (2.9) 0.3 (1.8) NS
Sleep efficiency factor, pts 0.5 (1.6) —0.0 (1.2) 0.3 (1.3) NS
Sleep quality factor, pts 0.5 (1.9) 0.4 (1.7) -0.2 (1.1) NS
Dalily disturbance factor, pts 0.5 (1.0) 0.2 (1.1) 0.1 (1.0) NS
Sleep duration, min -0 (48) 18 (60) —-12 (42) NS
Bed time, min 2 (37) 14 (52) =7 (60) NS
Wake time, min 24 (36) 48 (54) 2 (53) <0.01
Dietary habits?
Fruits and vegetables, cups/day —0.1 (0.6) —0.1 (0.7) —0.1 (0.4) NS
Added sugars, tsp/day —0.0 (4.5) 0.0 (3.5) 0.7 (3.1) NS
Sugars from sugar-sweetened 0.7 (1.4) 0.1 (2.0) —0.5 (1.8) NS
beverages, tsp/day
Dairy, cup/day —0.0 (0.8) 0.0 (0.4) 0.0 (0.3) NS
Whole grains, oz/day —0.0 (0.2) —0.0 (0.3) —0.1 (0.3) NS
Calcium, mg/day —-12 (212) 4.2 (114) 10 (70) NS
Fibre, g/day -0.6 (1.7) -0.2 (2.5) -0.9 (1.9) NS
Red meat, times/week -1.0 (2.1) —0.4 (1.5) 0.0 (1.8) NS
Processed meat, times/week -0.1 (1.3) —0.1 (1.8) -0.3 (2.5) NS

Data are reported as mean (SD) or median [25th, 75th percentile]. Measured by the *Sedentary Behaviour Questionnaire [15], the PPaffenbarger Physical Activity
Questionnaire [16], the “Pittsburgh Sleep Quality Index [17] and the “Diet Screener Questionnaire [18]. Sample size varies from 88 to 103.

our findings is difficult to estimate, though the impact
is likely attenuated by using data collected after com-
pleting study participation as the baseline assessment.
We speculate this likely increased awareness of sedentary
behaviour and access to height-adjustable workstations
before the pandemic, since all participants were offered
a sit-stand desk attachment or monetary compensation
at the end of the study. As such, our results may be most
generalizable to desk workers with access to a sit-stand
desk in the workplace. We expect there would have been
limited effects on other outcomes. Also, though we used
validated questionnaires, the follow-up self-report as-
sessments of sedentary behaviour, physical activity, sleep
and diet measures are known to suffer from biases such
as social desirability or poor recall and this could have
affected findings.

There have been multiple reviews and commentaries
speculating that the COVID-19 pandemic could have
detrimental effects on health behaviours and well-being
[3], though fewer studies have measured these effects.
Cross-sectional data from the USA [4] and Australia
[5] suggest that the changes in health behaviours such
as increased sitting and unhealthy eating, less physical

activity, and reduced sleep quality and mental health re-
ported by our participants are consistent with general
populations. One longitudinal study used a conveni-
ence sample from a smartphone app across 187 coun-
tries and reported daily steps declined by 27.3% within
30 days of the global pandemic [9]. Survey studies from
Europe also suggest sleep timing shifted later and sleep
quality worsened during COVID-19 social restrictions
[6,10]. Survey studies from the USA [7] and UK [8]
using sampling weights to yield comparable pre- and
post-COVID-19 samples reported marked increases in
psychological distress. Taken together, our findings are
consistent with the available research, though our study
is the first to our knowledge that specifically studies the
experiences of desk workers and thus provides novel,
longitudinal data in this population.

Our findings offer two important implications for
policymakers. First, desk workers are suffering from
pandemic-related adverse effects and, from our longi-
tudinal data, these include more sitting, reduced sleep
quality and unfavourable changes in mood, emotional
well-being, productivity, concentration and work/life
satisfaction. As these factors are associated with work
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Table 5. Longitudinal changes in mood, quality of life and work health by remote working category

Always remote (z = 15) Changed to remote (z = 74) Never remote (n = 14) P-value

Mood disturbance?®

Total mood disturbance, pts 15.7 (29.0)
Tension subscale, pts 1.4 (6.5)
Anger subscale, pts 1.5 (4.8)
Fatigue subscale, pts 2.5 (5.0)
Depression subscale, pts 3.3 (6.6)
Esteem-related affect subscale, pts -1.5 (3.0)
Vigour subscale, pts —2.1 (6.6)
Confusion subscale, pts 1.8 (2.9)
Quality of life®
General health, pts —0.8 (13.2)
Physical functioning, pts —14.6 (31.3)
Role limitations due to physical health, pts -1.9 (37.4)
Pain, pts —2.7 (10.6)
Emotional well-being, pts —2.0 (20.8)
Social functioning, pts -6.7 (33.7)

Role limitations due to emotional health, pts —10.3 (43.9)

Energy/fatigue, pts -6.7 (22.1)
Work health®
Total work health score, pts -0.4 (1.2)
Productivity subscale, pts —0.2 (1.6)
Impatience/irritability subscale, pts -0.5 (1.3)
Concentration/focus subscale, pts -0.9 (2.2)
Work satisfaction subscale, pts -0.1 (2.3)
Satisfaction with supervisor subscale, pts 0.7 (3.4)
Personal life satisfaction subscale, pts -1.4 (2.4)
Stress (single item), pts 2.1 (3.6)

8.4 (21.1) 6.0 (11.1) NS
1.2 (5.6) -0.3 (3.9) NS
1.4 (4.8) -0.2 (2.4) NS
0.1 (4.1) 0.8 (3.8) NS
1.4 (3.6) 0.3 (2.1) NS

~1.1 (2.6) -1.2 (2.0 NS
—1.0 (4.6) -3.7 (3.7) NS
1.1 (2.8) 0.6 (1.4) NS
-0.7 (12.4) -3.8 (8.0) NS
3.0 (15.2) -3.1 (10.7) <0.01
—2.1 (24.7) ~15.4 (37.6) NS
-5.6 (15.9) —4.4 (13.4) NS
-7.5 (15.2) -4.3 (15.9) NS
—7.6 (18.7) 0.0 (29.8) NS
~14.3 (35.7) -19.4 (26.4) NS
~1.8 (16.1) -9.2 (18.2) NS
-0.5 (1.1) -0.5 (0.9) NS
-0.4 (1.1) -0.5 (1.0) NS
0.2 (2.0) -0.2 (1.6) NS
-0.4 (1.6) -0.3 (1.2) NS
-0.7 (1.8) -0.4 (1.7) NS
-1.0 2.7) -0.2 (1.5) NS
-0.8 (1.8) -0.4 (2.3) NS
-0.6 (2.9) -0.4 (2.9) <0.05

Data are reported as mean (SD). Measured by the *SF-36 [19], the ®Profile of Mood States [20] and the “Work and Health Questionnaire [21]. Sample size varies

from N = 88-103.

performance and long-term health [23], it is in the best
interest of employers to recognize and offer support to
counteract these effects. Second, desk workers shifting to
remote work did not have more pronounced adverse ef-
fects on lifestyle and well-being. Though only speculation,
our finding that remote workers remaining remote had
the worst changes to lifestyle behaviours and well-being
could be a result of greater disruptions in the house-
hold and in workflow during shelter-at-home. We did
not collect information on changes in extra-occupational
duties, or cohabitation by children, partners, other
family or housemates during the shelter-at-home, which
could have had complex effects on the work, lifestyle
and well-being outcomes we measured. These mech-
anisms should be considered in future research. While
longer-term and additional studies of remote work are
needed to confirm these results are durable and occur in
the absence of a concurrent pandemic, these data offer
preliminary evidence that a shift to remote work does not
necessarily lead to an unhealthy lifestyle with reduced
well-being.

Important occupational health research questions
remain regarding the COVID-19 pandemic, associated

changes in work practices, and their impact on health
behaviours and well-being. While our study found that
adverse impacts experienced by desk workers during the
COVID-19 pandemic were not more apparent in those
changing from in-office to remote work as we hypothe-
sized, we measured short-term effects experienced during
a shelter-at-home period of a novel pandemic. It is pos-
sible that this complex situation could have obscured ad-
verse impacts of more remote work; therefore, long-term
study of the health effects of remote working remains im-
portant. Future investigations should continue to capture
longitudinal data that establish temporality, but also use
more rigorous assessment methodologies (e.g. objective
assessment of sedentary behaviour, physical activity and
sleep), and include clinical or healthcare utilization out-
comes (e.g. weight, blood pressure, glucose, medication
use). Such data will inform best practices for program-
ming to support occupational and general health among
remote desk workers.

In conclusion, our research provides critical, longi-
tudinal evidence that the COVID-19 shelter-at-home
policies profoundly and negatively affected daily life,
lifestyle behaviours and well-being among desk workers.
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Despite this overall effect, desk workers who switched to
remote work during the follow-up period did not have
worse experiences compared to desk workers remaining
in-office or remaining remote. These data suggest that
employers should consider support for all desk workers
to improve lifestyle behaviours and well-being during
pandemic-related social restrictions, regardless of remote
or in-office status.
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