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Abstract
Ever since the COVID- 19 pandemic, working from home (WFH) has emerged 
as a common alternative work environment, but the possible influence on daily 
physical behavior (PB) (i.e., physical activity (PA), sedentary behavior (SB)) re-
mains unclear. This study aimed to examine daily associations between PB and 
the work environment (i.e., WFH, working at the office (WAO)), as well as to 
explore and identify patterns of PB within each work environment.

An observational study using a dual- accelerometer system to continuously 
assess PB for at least 5 days was conducted. The sample consisted of 55 partici-
pants providing 276 days of assessment. Additional demographic, contextual, and 
psychological variables were measured via baseline questionnaire and several 
smartphone prompts per day. To analyze the effects of the work environment on 
PB, multilevel analyses were conducted. For the identification of patterns within 
each work environment, latent class trajectory modelling was applied.

Associations between the work environment and various PA parameters were 
found, indicating that WFH has a negative effect on MVPA time, steps, and physi-
cal activity intensity (MET), but a positive effect on short PA bouts (≤5 min). No 
associations between the work environment and any SB parameter (i.e., SB time, 
SB breaks, SB bouts) were found. Latent class trajectory modelling revealed three 
MVPA patterns for days WFH, and two patterns for days WAO.

Given the growing prevalence of WFH and the positive health effects associ-
ated with MVPA, daily- tailored solutions to enhance MPVA while WFH are ur-
gently needed.
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1  |  INTRODUCTION

New work environments are increasingly important within 
everyday work routines. Rapid technological developments 
in information-  and communication technology have led to 
the opportunity to work remotely from a variety of physical 
places other than the conventional office, for example, to 
perform work from home.1 However, despite several ben-
efits of working from home (WFH) including saving daily 
commuting time2 or enhancing work- life balance,1 a rela-
tively rare usage has been observed in the past decade. In 
2019 for example, only 2.9% of employees worldwide per-
formed work exclusively or mainly from home.3

With the outbreak of the COVID- 19 pandemic in 
March 2020 and related measures to reduce the spread of 
the virus, an unpreceded and sudden shift to WFH across 
many countries around the world (e.g., in Germany) was 
introduced. Today, even 3 years after the beginning of this 
natural experiment, WFH has become an integral part 
of the working world suggesting that the future of work 
is likely to be hybrid combining days working remotely, 
predominantly from home, and days working in- person 
at the office.4 Given this change in the nature of work 
towards new work models, which all can be located on 
a continuum with fully in- person work and fully remote 
work representing the two ends,5 new opportunities and 
challenges for promoting health arise.

In modern society, everyday life for many working 
adults is characterized by low levels of physical activity 
(PA) and high levels of sedentary behavior (SB). Regarding 
daily environments of physical behavior (PB) (i.e., includ-
ing both PA and SB), especially the workplace represents a 
main contributor to those PB patterns.6 While PA, defined 
as any bodily movement which increases energy expendi-
ture >1.5 metabolic equivalents (MET),7 depicts a major 
protective factor for the prevention of non- communicable 
diseases like cardiovascular diseases, diabetes and obesity,8 
SB, defined as any waking behavior in a sitting, reclining 
or lying posture with an energy expenditure ≤1.5 MET,9 
appears as a major risk factor for health.10 Importantly, 
several studies suggest that both behaviors have indepen-
dent effects on somatic and mental health.11,12 Hence, 
given the increasing importance of WFH as an alternative 
work environment, and the strong epidemiological evi-
dence on the health effects of PB, there is an urgent need 
to better understand how WFH affects PB.

Summarizing the extant literature on the relationship 
between WFH and PB, evidence is rather inconclusive; 
while some studies found similar levels of SB and PA 
while WFH compared with while working at the office 
(WAO),13– 15 other studies found an increase in SB time15 
or a decrease in PA during WFH.2,16– 18 A possible explana-
tion for divergent findings may be discrepancies in study 

characteristics (e.g., study design, measurement tools, 
operationalization of PA and SB). First, several studies in-
vestigating PB within the context of WFH have been cross- 
sectional combined with retrospective data, providing only 
limited assessments per participant.2,16 Therefore, these 
studies focused on differences between participants and do 
not account for potential fluctuation of PB across time that 
varies between days within individuals. Second, a majority 
of studies2,15,16 have assessed PB by the use of self- reports, 
which are prone to biases (e.g., social desirability, inaccu-
rate memory).19,20 And last, various operationalizations of 
PA and SB were used which limits the comparability of re-
sults. In general, the operationalization of PB may vary as a 
function of different ways of quantitative parametrization. 
Thus, PB can be expressed as frequency- related parameters 
(e.g., number of sedentary breaks per days), time- related 
parameters (e.g., time of PB during a specified time frame), 
and intensity- related parameters (e.g., MET). Additional 
contextual parameters (e.g., domain of each PB such as 
work, transportation, or leisure time) may provide further 
valuable background information.

To overcome the above- mentioned limitations, we 
conducted an ecological momentary assessment study. 
Given the natural co- dependency of all PB (i.e., sleep, SB, 
various intensities of PA) over a predefined time frame9 
and the call to assess PB over a whole 24- h cycle,21 we cap-
tured PB by the use of a dual- sensor system 24 h per day. 
Additional psychological and contextual variables were 
assessed in real time and in real life to minimize retro-
spective and heuristic biases.22 The aim of this study was 
twofold. First, we wanted to investigate whether the work 
environment influences PB. Based on the results of previ-
ous studies,13,14,17 we hypothesized that the work environ-
ment (i.e., WFH, WAO) affects PA (hypothesis 1), but not 
SB (hypothesis 2). Due to the high number of various pa-
rameters known for the operationalization of PA and SB, 
eight different parameters to investigate the effect of the 
work environment on PA (i.e., time spent in light physi-
cal activity (LPA), representing hypothesis 1a; time spent 
in moderate- to- vigorous- physical activity (MVPA), repre-
senting hypothesis 1b; physical activity intensity (MET), 
representing hypothesis 1c; steps, representing hypothe-
sis 1d; short PA bouts (≤5 min), representing hypothesis 
1e; short- to- moderate PA bouts (5– 19 min), representing 
hypothesis 1f; moderate- to- long PA bouts (20– 39 min), 
representing hypothesis 1g; long PA bouts (≥40 min), 
representing hypothesis 1h) and six different parameters 
to investigate the effect of the work environment on SB 
(i.e., time spent in SB, representing hypothesis 2a; seden-
tary break frequency, representing hypothesis 2b; short 
SB bouts (≤5 min), representing hypothesis 2c; short- to- 
moderate SB bouts (5– 19 min), representing hypothesis 
2d; moderate- to- long SB bouts (20– 39 min), representing 
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hypothesis 2e; long SB bouts (≥40 min), representing hy-
pothesis 2f) were used. Given recent evidence suggesting 
associations between PB and psychological constructs 
such as mood or stress,12,23 we adjusted for the potential 
confounding role of these constructs in all of our analy-
ses. The second objective was to explore the effect of the 
work environment on PB by uncovering possible hidden 
trajectories of PB within days WFH and days WAO. As it 
is reasonable to assume that changes in the work envi-
ronment lead to changes in PB patterns,24 we conducted 
further analyses to gain deeper insights into whether the 
same number of patterns can be found within each work 
environment and whether potential patterns are compara-
ble across work environments.

2  |  MATERIALS AND METHODS

2.1 | Study design and sample

An observational study over a minimum of five work-
ing days using a within- subject design was conducted. 
During this assessment period, participants were in-
structed to wear two accelerometers (Move 4) continu-
ously for 24 h per day, and to complete several random 
e- diary prompts on a provided study smartphone (Nokia 
6, Nokia Corporation, Espoo, Finland, nokia.com). We 
recruited working adults ≥18 years from different organi-
zations in Karlsruhe and the surrounding area between 
July 2021 and March 2022. The inclusion criteria were as 
follows: (a) predominantly office- based work, (b) having 
the possibility to WFH and WAO, and (c) no restrictions 
in performing daily activities (i.e., no disease or injury). 
A total of 64 participants completed measurements of PB 
providing 378 days of assessment. Due to compliance rea-
sons, that is <3 valid days of a minimum accelerometer 
wear time ≥10 h wakeful time per day, two participants 
were excluded for further analysis.25 Additionally, 90 non- 
valid days among different participants were excluded be-
cause neither the wear time of one sensor nor the wear 
time of both sensors combined was ≥10 h of wakeful time. 
Since one of the objectives of the following analyses was 
to compare PB between WFH days and WAO days, seven 
participants were excluded because they either reported 
only valid days WFH or only valid days WAO. After all, 
the final sample used for further data analysis consisted 
of 55 participants providing 276 valid days of assessment 
(135 days WAO, 141 days WFH). The study was performed 
in accordance with the Declaration of Helsinki and ap-
proved by the Human Research Ethics Committee of the 
Karlsruhe Institute of Technology (KIT). After receiving 
written and oral information regarding the study proce-
dures, all participants provided their written informed 

consent. Participants were free to withdraw from the 
study at any time.

2.2 | Measures

2.2.1 | Accelerometry

PB was continuously collected by the use of two acceler-
ometers (Move 4), one placed on the right thigh, and one 
placed on the hip. The two sensors captured movement 
and body position with a range of ±16 g and a sampling 
frequency of 64 Hz was used. Raw acceleration data were 
stored on an internal memory card. To eliminate artifacts, 
data were processed by a band- pass filter (0.25– 11 Hz). A 
previous study by Anastasopoulou et al.26 has validated the 
Move accelerometer using indirect calorimetry as the gold 
standard. Participants were instructed to wear both sen-
sors 24 h per day during the entire measurement period.

2.2.2 | Baseline questionnaire

Sociodemographic characteristics including age (years), 
sex (female vs. male), body mass index (kg/m2), and house-
hold size (number of persons living in the same household 
as the participant), as well as work- related characteristics 
including the use of a separate room while WFH (yes vs. 
no), and distance to the conventional workplace (km), 
were assessed at baseline via questionnaire provided on the 
smartphone.

2.2.3 | Ecological momentary assessment

Eight e- diary prompts per day were provided between 
9.00 am and 8.00 pm via an acoustic, visual, and vi-
bration signal by smartphone. With the first e- diary 
prompt in the morning, every participant specified 
the daily location of work (home vs. office), sleep du-
ration of the previous night (h), and rated the per-
ceived sleep quality of the previous night on a visual 
analogue scale (0– 100). The other seven prompts were 
randomly triggered at various time points through-
out the day to assess momentary mood, momen-
tary social stress, momentary activity- related stress, 
and momentary work ability as follows: Momentary 
mood was assessed with a 6- item short scale devel-
oped and validated by Wilhelm and Schoebi.27 The 
bipolar items were implemented on visual analog 
scales (0– 100) in reversed polarity and mixed order. 
In general, the scale captures three basic mood di-
mensions, namely valence, determined by the items 
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(a) unwell to well and (b) content to discontent, ener-
getic arousal, determined by the items (a) full energy 
to without energy (b) tired to awake, and calmness, 
determined by the items (a) relaxed to tense, (b) agi-
tated to calm. Momentary social stress was measured 
by one question regarding the participants' current 
social environment combined with two rating items. 
First, participants were asked by whom they were sur-
rounded at the moment of the prompt (i.e., partner, 
family, friends, colleagues, acquaintances, strangers, 
others, nobody). Second, the mean score of the fol-
lowing two items, both rated on a Likert scale ranging 
from 1 (“not at all”) to 7 (“very much”), was computed: 
“I would prefer to be alone (if with someone)/I would 
prefer to have company (if alone)”, “I find being with 
these people pleasant (if with someone)/I find it pleas-
ant to be alone (if alone)” (reversed).28 To assess mo-
mentary activity- related stress, the mean score of the 
following three items, all rated on a Likert scale rang-
ing from 1 (“not at all”) to 7 (“very much”), was used: 
“I would prefer doing something else”, “This activity 
is difficult for me”, “This is a pleasant activity” (re-
versed).28 Momentary self- perceived work ability was 
assessed with the following item of the Work Ability 
Index rated on a 10- point Likert scale from 0 (“can-
not currently work at all”) to 10 (“work ability at its 
best”): “Assume that your work ability at its best has 
a value of 10 points. How many points would you give 
your current work ability?”.29 German translations of 
all questions and items were presented to the partici-
pants. As our analyses focused on the day- level and 
the e- diary prompts were triggered multiple times a 
day, daily averages for all momentary variables were 
calculated.

2.3 | Data preprocessing and 
statistical analyses

To parameterize PB, we calculated various parameters 
(e.g., energy expenditure, steps, body position) in in-
tervals of 1 minute by using the proprietary software 
DataAnalyzer (version 1.13.7; movis ense.com). Based on 
the parameters “body position” and “energy expenditure” 
(MET), as well as in line with the international definition 
of SB9 and published thresholds to further specify PA into 
LPA and MVPA,30 we classified each minute of the data 
file as either sleep, LPA, MVPA or SB. Moreover, we cat-
egorized SB and PA time in accordance with previous re-
search31 into bouts (periods of uninterrupted SB/PA time) 
as follows: (a) ≤5 min = short bouts, (b) 5– 19 min = short- 
to- moderate bouts, (c) 20– 39 min = moderate- to- long 
bouts and (d) ≥ 40 min = long bouts. Last, we aggregated 
all parameters either as sum or mean per day.

To analyze whether the work environment influences 
PB, multi- level analyses (SPSS, version 27; IBM) were con-
ducted. A total of 14 two- level models with days of assess-
ment (level 1) nested within participants (level 2) were 
calculated, with one model for each PB parameter as out-
come variable. The final analyses were completed in five 
stages. First, to examine the amount of variance on the 
within- vs. between- person- level, intraclass correlation coef-
ficients for all models were estimated by calculating uncon-
ditional (null- )models. Second, the time- variant predictor 
work environment (i.e., WFH = 0, WAO = 1) was included at 
level 1 within all models. Third, to adjust for potential con-
founding factors which may influence PB and the associa-
tion between the work environment and PB, the following 
control variables were included: (a) age (years), sex (male 
vs. female), body mass index (kg/m2), household size (num-
ber of cohabitants), and distance to work (km) as between- 
person (level 2) variables, and (b) valence (0– 100), sleep 
quality (0– 100), sleep duration (h), social stress (1– 7), ac-
tivity stress (1– 7), and work ability (1– 10) as within- person 
(level 1) variables. All within- person control variables were 
centered on the participant mean. Fourth, random effects 
(i.e., individual variation on the sample mean effect) for 
each PB parameter (μij) were included. While random in-
tercepts were used for all models, random slope param-
eters were only computed if they did improve the models 
(p < 0.05). Last, standardized beta coefficients were calcu-
lated according to established procedures32 to compare the 
effect of the work environment on each PB parameter.

As an example, the final model of the outcome vari-
able “MVPA time” is shown in the equation below. The 
remaining 13 final models can be found in the equa-
tions presented in the Supporting Information (Equation 
1– Equation 13).

For identifying trajectories of PB within days WFH 
and days WAO, latent class trajectory modelling was 
applied using the statistic software programs R (R Core 
Team, 2021) and RStudio (RStudio Team, 2021). Based 
on the standardized beta coefficients of the 14 multi-
level models, we exploratory selected our parameter 
of interest (i.e., MVPA time) for the identifications of 
trajectories on days WFH and days WAO. By follow-
ing a stepwise approach proposed by Lennon and col-
leagues,33 the optimal models for days WFH and days 
WAO were constructed. We started with defining the 

Y (MVPA time)ij= �00+�01(sex)+�02(age)

+�03(body mass index)+�04(household size)

+�05(distance to work)+�10(valence)

+�20(sleep quality)+�30(sleep duration)

+�40(social stress)+�50(activity stress)

+�60(work ability)+�70(work environment)+�0j
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number of groups by comparing models with 1– 7 classes. 
Based on the lowest value of the Bayesian information 
criteria, we continued our analyses with a 3- profile 
solution for WFH days and a 2- profile solution for WAO 
days (Table S1). Subsequently, we refined these models 
by examining the optimal model structure (i.e., simple 
fixed effects model, several random effects model) and 
by checking a number of model adequacy assessments 
(i.e., average posterior probability of assignments, odds 
of correct classification, relative entropy). Strongest 
improvements in model fit were observed among the 
four random quadratic effect models with different 
variance structures and different variance– covariance 
matrices (Table S2 and Table S3). Given the lowest val-
ues of the Bayesian information criteria and a sufficient 
number of days within classes, we selected model I as 
best- fitting model for days WFH. For days WAO, we also 
chose model I as final model because the two models 
with lower values of the Bayesian information criteria 
showed one class with a small number of days (n = 3). 
As latent class trajectory modelling illustrates changes 
in the outcomes of interest over a predefined time pe-
riod, we accumulated minutes spent in MVPA for four 
time frames throughout the day: (a) morning (9.00 am 
to 11.59 pm), (b) noon (12.00 pm to 2.59 pm), (c) after-
noon (3.00 pm to 5.59 pm), and (d) evening (6.00 pm to 
8.59 pm).

3  |  RESULTS

3.1 | Participant characteristics

Characteristics of the study population are shown in 
Table  1. Participants (64.2% female) had a mean age of 
35.9 years (standard deviation = 10.5), and a mean body 
mass index of 23.0 (standard deviation = 3.8) kg/m2, re-
spectively. Intraclass correlation coefficients of the null 
models ranged from 0.13 (model 1g “PA bouts moderate- 
to- long”) to 0.70 (model 1a “time spent in LPA”), indicat-
ing that a minimum of 30% and a maximum of 87% of the 
variances in the outcome variables “time spent in LPA” 
and “PA bouts moderate- to- long” were due to within- 
subject fluctuation. On average, valid data on PB were 
obtained for 5.0 workdays per participant (2.56 ± 0.96 days 
WFH, 2.45 ± 0.86 days WAO). The accelerometer placed 
on the thigh was worn for 18.72 ± 4.51 h/participant/day 
while WFH and for 17.97 ± 4.10 h/participant/day while 
WAO. The accelerometer placed on the hip was worn 
for 17.50 ± 4.69 h/participant/day while WFH and for 
17.05 ± 4.33 h/participant/day while WAO. In terms of 
days WFH, participants provided between one and five 
valid days (13% of the participants provided 1 valid day, 
36% of the participants provided two valid days, 35% of the 

participants provided three valid days, 15% of the partici-
pants provided four valid days, and 2% of the participants 
provided five valid days). Concerning days WAO, partici-
pants provided between one and four valid days (16% of 
the participants provided one valid day, 29% of the partici-
pants provided two valid days, 47% of the participants pro-
vided three valid days, and 7% of the participants provided 
four valid days).

3.2 | Descriptive statistics

As shown in Table 2, time spent in LPA was higher on 
days WFH than on days WAO. However, lower levels 
of MVPA were observed during days WFH than dur-
ing days WAO. Regarding PA bouts, highest differences 
were found for short PA bouts (≤5 min). In particular, 
more short PA bouts were observed on days WFH than 
on days WAO. With regard to SB parameters, higher lev-
els of time spent in SB were found during days WFH 
compared with days WAO. Highest differences in the 
number of SB bouts were observed among short bouts 

T A B L E  1  Characteristics of the study population.

Variable Mean ± SD or n (%)

Age (years) (n= 53) 35.9 ± 10.5

Sex (n= 53)

Female 34 (64.2)

Male 19 (34.5)

BMI (kg/m2) (n= 53) 23.0 ± 3.8

Job characteristicsa (n = 48)

Full- time (100%) 28 (58.3)

More than part- time (51%– 100%) 12 (25.0)

Part time (50%) 8 (16.7)

Household members (n = 49)

No others 10 (20.4)

Partner 31 (63.3)

Children 14 (28.6)

Relatives 6 (12.2)

Pets 12 (24.5)

Worked from home before COVID- 19 (n = 49)

Yes 15 (30.6)

No 34 (69.4)

Separate room while WFH (n = 49)

Yes 24 (49.0)

No 25 (51.0)

Distance to work (km) (n = 49) 19.08 ± 22.38

Note: Percentages may not be equal to 100% because of the possibility to 
make multiple choices.
Abbreviations: BMI, body mass index; SD, standard deviation.
aThe classification ‘full- time’ ≙ a working time of 40 hours/week.
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(≤5 min) and long bouts (≥ 40 min) with more short and 
more long SB bouts being made on days WFH compared 
with days WAO.

3.3 | Effects of the work environment on 
PA (hypothesis 1)

Table 3 shows the results of the multilevel analyses on the 
multiple PA parameters as outcome variables. Stable sig-
nificant effects of the work environment were found across 
five models (Model 1b: MVPA time, Model 1c: MET, Model 
1d: Steps, Model 1e: short PA bouts, Model 1g: moderate- 
to- long PA bouts). In detail, significantly less minutes of 
MVPA (Model 1b; β = −0.187, p < 0.01), less physical ac-
tivity intensity (MET) (Model 1c; β = −0.108, p < 0.05), less 
steps (Model 1d; β = −0.178, p < 0.05), less moderate- to- 
long PA bouts (Model 1g; β = −0.182, p < 0.01), but more 
short PA bouts (Model 1e; β = 0.151, p < 0.05) were ob-
served on days WFH compared with days WAO, thereby 
preliminary verifying hypotheses 1b, 1c, 1d, 1e, and 1g 

based on our data. Contrary to hypotheses 1a, 1f, and 1h, 
the work environment did not significantly predict time 
spent in LPA (Model 1a), number of short- to- moderate PA 
bouts (Model 1f), and number of long PA bouts (Model 1h) 
based on our data. Additionally, several covariates were 
significantly associated with PA (for details see Table 3).

3.4 | Effects of the work environment on 
SB (hypothesis 2)

In line with our second hypothesis, multilevel analyses 
(Table  4) revealed no association between the work en-
vironment and any examined SB parameter. In detail, the 
work environment did not influence SB time (Model 2a), 
number of SB breaks (Model 2b), number of short SB bouts 
(Model 2c), number of short- to- moderate SB bouts (Model 
2d), number of moderate- to- long SB bouts (Model 2e) and 
number of long SB bouts (Model 2f). Thus, based on the 
data of this study, we preliminary verified hypotheses 2a– 
2f. Across all models, none of the within- subject predic-
tors (valence, sleep quality, sleep duration, social stress, 
activity stress, work ability) or the between- subject predic-
tors (age, sex, body mass index, household size, distance to 
work) significantly influenced SB.

3.5 | Patterns of MVPA

Based on the latent class trajectory analyses, three dif-
ferent MVPA profiles for WFH days and two different 
MVPA profiles for WAO days were defined (Figure 1 and 
Figure  2). The three distinct classes within days WFH 
are characterized by (after)noon active, low active, and 
increasing active trajectories, that included 24 (17%), 
95 (67%), and 22 (16%) days, respectively. Within days 
WAO, the two distinct trajectories are characterized by 
a low active profile (121 days; 90%), and an increasingly 
active profile (14 days; 10%). For WFH days, further ex-
ploratory analysis revealed that 26 participants switched 
between daily patterns of MVPA within the study period 
(Table S4). We also performed the latent class trajectory 
modelling with data of MVPA aggregated at the person- 
level, but no distinct trajectories were found. An overview 
of the temporal course of MVPA for all valid days per par-
ticipant while WFH and WAO is shown in supplement 
figures S1a and S1b.

4  |  DISCUSSION

This ecological momentary assessment study investigated 
the influence of the work environment on PB. Using 

T A B L E  2  Descriptive statistics of PB parameters by work 
environment.

Variable
days WAO 
(n = 135)

days WFH 
(n = 141)

Parameters of PA

LPA time (h/day) 2.21 ± 1.15 2.33 ± 1.20

MVPA time (h/day) 1.18 ± 0.85 0.87 ± 0.70

Physical activity intensity 
(MET) (per day)

1.54 ± 0.20 1.48 ± 0.22

Steps (no/day) 7548 ± 3944 6299 ± 3779

PA bouts short (no/day) 23.44 ± 11.42 25.82 ± 11.37

PA bouts short- to- moderate 
(no/day)

8.64 ± 3.63 7.88 ± 4.03

PA bouts moderate- to- long 
(no/day)

2.59 ± 1.65 1.99 ± 1.66

PA bouts long (no/day) 1.35 ± 1.35 1.38 ± 1.44

Parameters of SB

SB time (h/day) 9.61 ± 2.53 9.92 ± 2.55

SB breaks (no/day) 36.01 ± 12.34 37.06 ± 11.49

SB bouts short (no/day) 16.30 ± 9.35 17.21 ± 8.93

SB bouts short- to- moderate 
(no/day)

10.44 ± 4.99 10.53 ± 4.38

SB bouts moderate- to- long 
(no/day)

5.43 ± 2.51 5.22 ± 2.52

SB bouts long (no/day) 3.79 ± 1.78 4.14 ± 2.10

Note: Data are presented as mean ± standard deviation (SD).
Abbreviations: LPA, light physical activity; MET, metabolic equivalents; 
MVPA, moderate- to- vigorous physical activity; PA, physical activity; SB, 
sedentary behavior; WAO, working at the office; WFH, working from home.
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a dual- sensor system, multiple PA and SB parameters, 
which were not only limited to broad overall summary 
measures of time spent in PA and SB as in several previous 
studies,15,16 were determined. Our results provide first 
evidence that the work environment is associated with 
various quantitative dimensions of PA including one 
duration- related parameter (i.e., time spent in MVPA), 
two frequency- related parameters (i.e., number of short 
PA bouts, number of moderate- long PA bouts), and two 
intensity- related parameters (i.e., MET, steps), preliminary 
confirming hypotheses 1b, 1c, 1d, 1e, and 1g. Most important, 
the largest effect of the work environment was found for 
the outcome MVPA, indicating that WFH has a negative 
impact on time spent in MVPA. This finding is in line 
with a previous study from Brusaca et al.,17 reporting that 

office workers spent 21 min less MVPA time on days WFH 
during the COVID- 19 pandemic compared with days at 
the conventional workplace before the outbreak of the 
pandemic. One explanation underlying this observation 
could be that workers do not have to (active) commute 
to the workplace on days WFH, resulting in less PA for 
transportation purposes. Given guidelines for adults on 
PA recommending at least 150 min of moderate or 75 min 
of vigorous PA or an equivalent combination of both per 
week,34 this finding, a mean decrease of 18 min in daily 
levels of MVPA while WFH, has important public health 
implications, especially since recent evidence suggests 
that a high amount of daily MVPA is required to attenuate 
the mortality risk associated with high sitting time which 
is most prevalent among office workers.35– 37 In particular, 

T A B L E  4  Multilevel model analyses to predict SB- related outcomes: fixed and random effects.

Models of SB- related Outcomes

Model 2a: SB 
time

Model 2b: SB 
breaks

Model 2c- 2f: SB bouts

short
short- to- 
moderate moderate- to- long long

b (SE)a b (SE) b (SE) b (SE) b (SE) b (SE)

Fixed effects

Intercept 10.32 (1.99)** 49.98 (7.62)** 22.81 (5.66)** 17.73 (3.27)** 8.35 (1.48)** 3.28 (1.47)*

Sexa −0.80 (0.60) −0.64 (2.30) 0.23 (1.71) 0.35 (0.99) −0.45 (0.44) −0.53 (0.45)

Age −0.05 (0.04) −0.11 (0.14) −0.01 (0.11) −0.05 (0.06) −0.03 (0.03) −0.03 (0.03)

BMI 0.07 (0.09) −0.57 (0.33) −0.36 (0.25) −0.27 (0.14) −0.09 (0.06) 0.07 (0.06)

Valence −0.03 (0.01) −0.004 (0.077) 0.013 (0.056) 0.034 (0.030) −0.023 (0.018) −0.020 (0.011)

Sleep quality −0.0004 (0.0083) −0.05 (0.04) −0.05 (0.03) −0.0002 (0.0180) 0.01 (0.01) −0.004 (0.006)

Sleep 
duration

0.001 (0.003) 0.001 (0.018) −0.008 (0.014) −0.003 (0.007) 0.005 (0.004) −0.002 (0.002)

Social stress 0.53 (0.48) 0.03 (2.62) −0.53 (1.98) 0.77 (1.07) 1.10 (0.64) −0.26 (0.37)

Activity stress −0.37 (0.49) 0.47 (2.67) 0.13 (2.06) 0.34 (1.11) 0.06 (0.66) −0.10 (0.37)

Work ability −0.18 (0.16) −1.14 (0.89) −1.10 (0.71) −0.25 (0.38) −0.07 (0.23) 0.01 (0.12)

Household 
size

−0.10 (0.32) 0.49 (1.20) 0.10 (0.89) 0.22 (0.52) 0.24 (0.23) −0.01 (0.24)

Distance to 
work

0.003 (0.013) 0.059 (0.049) 0.037 (0.037) 0.004 (0.021) 0.004 (0.010) 0.0002 (0.0095)

WFHb 0.16 (0.37) 1.78 (1.84) 1.95 (1.09) 0.05 (0.59) −0.36 (0.35) 0.36 (0.26)

Random effects

Intercept 2.25 (0.88)** 15.24 (15.09) 15.92 (7.63)* 5.83 (2.27)* 0.55 (0.46) 1.24 (0.49)*

Social Stress — — — — — — 

WFHb 1.53 (0.62)* 31.5 (15.66)* — — — 0.70 (0.33)*

Residual 2.73 (0.35)** 84.51 (10.77)** 57.53 (6.56)** 16.59 (1.85)** 5.96 (0.66)** 1.62 (0.20)**

Note: Data were presented as unstandardized estimates (b) and standard errors (SE).
Note: *p < 0.05; ** p < 0.01.
Abbreviations: BMI, body mass index; SB, sedentary behavior; WFH, working from home.
aCompared with females.
bCompared with working at the office (WAO).
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our findings suggest that the work environment plays an 
important role in accumulating daily time spent in MVPA. 
Supporting evidence for this assumption was found by 
a recent study from Loef et al.,38 revealing that home 
workers are less likely to perform a minimum of 150 min 
of MVPA per week during the pandemic than location 
workers. Hence, there seem to be an urgent need for the 
development of innovative solutions for enhancing MVPA 
within the WFH environment.

Another main finding of our study is that the work en-
vironment is associated with short PA bouts, indicating 
that on days WFH more short PA bouts are being made 
compared with days WAO. To the best of our knowledge, 
no study to date has examined the influence of the work 
environment on uninterrupted PA periods of any length 
(e.g., PA bouts ≥5 min). Given previous research suggest-
ing that besides the total amount of time spent in PB (e.g., 
SB, LPA, MVPA), activity patterns, like short PA breaks 
between prolonged SB, are also associated with mental 
and somatic health outcomes,39,40 this finding adds first 
evidence that WFH may provide more beneficial environ-
mental conditions than WAO for intermissions of SB. The 
influence of sociocultural norms on PB, as highlighted by 
Munir et al.,41 might explain this finding. Because of the 
physical separation from colleagues, it is reasonable to as-
sume that office workers may be no longer afraid of being 

judged by others for not continuously sitting at the desk 
during working hours, resulting in more short PA bouts to 
break up SB. Another possible explanation for this result 
might be that while WFH, office workers are able to inte-
grate household chores (e.g., hang out the laundry) into 
their daily work routine, since the home environment ap-
pears as the context of two PB domains (i.e., occupation 
and household).24

In line with our expectations and previous find-
ings,13,14,17 our study did not find any influence of the 
work environment on SB. In particular, our results con-
firmed the hypotheses that the work environment did not 
influence SB duration, SB breaks, and SB bouts. However, 
when directly comparing levels of SB within each work en-
vironment, our results differ from the results of previous 
studies: while previous studies found lower levels of SB on 
days WFH than on days WAO,13,14,17 we found higher lev-
els of SB on days WFH than on days WAO. Several possible 
explanations including the use of different study designs, 
different samples, or different time points of data collec-
tion (during containment strategies within the COVID- 19 
pandemic vs. without containment strategies within the 
COVID- 19 pandemic) should be considered for this incon-
sistency across observations.

With the usage of latent class trajectory modelling, 
our study provides also first evidence on daily patterns of 

F I G U R E  1  Trajectories of moderate- 
to- vigorous physical activity (MVPA) 
within days working from home (WFH). 
The x- axis depicts the time of the day 
(morning, noon, afternoon, evening). The 
y- axis depicts accumulated minutes of 
MVPA per time of the day.
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MVPA differentiated by work environment. Noteworthy, 
previous studies using latent class trajectory modelling 
to examine PB profiles mostly focused on (a) other tar-
get groups,42 (b) focused on other time periods,42,43 and 
(c) did not objectively assess PB.42,43 Taking into account 
dynamic fluctuations of MVPA across the day and within 
individuals, we were able to identify three different trajec-
tories on days WFH, and two different patterns on days 
WAO. Interestingly, we found one pattern, namely the 
(after) noon active pattern, only in days WFH. While the 
two other profiles found on days WFH, one profile with 
low levels of MVPA across the day and one profile with 
continuously increasing levels of MVPA from morning 
to evening, appear to be comparable with the two pro-
files found on days WAO and correspond with profiles 
suggested by other studies that examined levels of MVPA 
throughout the day,6,44 no comparable pattern with high 
levels of MVPA in the (after) noon was found in previous 
studies. Again, differences in the sociocultural surround-
ing between the two investigated work environments may 
provide a possible explanation underlying this observa-
tion: since WFH allows for more flexible schedules, it is 
reasonable to assume that on days WFH, office workers 
can more easily integrate MVPA during the day (e.g., 
during the lunch break).

It is important to note that future interventions 
should focus on a day- level rather than a person- level, as 
values of the intraclass correlation coefficients indicated 
that high variances of several PB outcomes were due to 
within- subject differences, as we found no patterns for 
MVPA on a person- level but on a day- level, and as fur-
ther exploratory analysis revealed that 26 participants 
switched between daily patterns of MVPA within the 
study period (Table S4). The fact that the future of work 
will be probably hybrid characterized by a combination 
of days working in person at the office and days working 
remotely from home, resulting in possible fluctuations of 
PB patterns from day to day within a person, also empha-
sizes the need for daily- tailored interventions to promote 
MVPA.

Several limitations of our study, as well as suggestions 
for future research, merit further discussion. First, we 
collected data within the pandemic situation, in which 
restrictions (i.e., the so- called “3G- rule”) were enforced 
nationwide in Germany. Thus, future studies might be in-
terested in replicating our findings under post- pandemic 
conditions. Second, participants were instructed to re-
move accelerometers under extreme conditions including 
deep diving or visiting the sauna. Since these activities 
tend to be activities that are rarely performed in everyday 

F I G U R E  2  Trajectories of moderate- 
to- vigorous physical activity (MVPA) 
within days working at the office (WAO). 
The x- axis depicts the time of the day 
(morning, noon, afternoon, evening). The 
y- axis depicts accumulated minutes of 
MVPA per time of the day.
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life, we assume that this limitation represents a minor 
issue. Third, our sample size (n = 55) was quite small. 
However, our analyses did not focus on a person- level but 
on a day- level (n = 276) and our findings were stable when 
adding several control variables. Fourth, we did not col-
lect data on qualitative dimensions of PB, for example on 
the domains in which PB occurred (i.e., work, transport, 
household, leisure time). As the information on these do-
mains is crucial to gain a complete in- depth understand-
ing of determinants of PB while WFH and to successfully 
initiate behavior changes within the WFH environment, 
context assessments like geolocation tracking should be 
considered as promising strategies for designing future 
studies. Additionally, given the need to commute to the 
office as one of the main differences in the daily schedule 
between WFH and WAO days, scientific endeavors might 
benefit from information on the actual mode and purpose 
of transport (e.g., combining e- diaries with GPS signals). 
Fifth, we assessed the daily work environment only one 
time a day within the first e- diary prompt in the morning. 
Given several ways to combine WFH and WAO within the 
same working day (e.g., WAO in the morning but WFH 
in the afternoon), we emphasize to assess the location of 
work more frequently. Future research endeavors might 
be interested in detecting temporal patterns of PB on such 
fluid working days. And last, since we included partic-
ipants with a minimum of 3 valid days (≥10 h of wake-
ful time) within both work environments leading to the 
possibility that participants provide only one valid day 
WFH or one valid day WAO, our results may have limited 
representativeness of individuals' behavior in each work 
environment. Therefore, we call future studies to capture 
device- based PB within both work environments over a 
longer time frame.

5  |  PERSPECTIVE

WFH has become an integral part of everyday working 
life. There is growing consensus that the future of work 
will be more agile and flexible in modern societies, re-
vealing a variety of working models characterized by 
different levels of working in- person at the conventional 
office combined with different levels of working re-
motely at various locations, predominantly from home. 
Our study provided preliminary evidence that WFH, 
representing one pole of this hybrid- work- continuum, 
is negatively associated with a range of PA parameters, 
especially with MVPA. Given the high amount of sed-
entary time among office workers and recent evidence 
suggesting that high levels of MVPA seem to eliminate 
the mortality risk associated with high sitting time, this 

finding has important public health implications. Thus, 
effective daily personal interventions to enhance MVPA 
on days WFH are needed.
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