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Abstract

Background: As the health risks of sedentary working environments become more clear, greater emphasis on the
implementation of walking interventions to reduce sitting time is needed. In this systematic review and meta-
analysis, we investigate the role of treadmill-desk interventions on energy expenditure, sitting time, and
cardiometabolic health in adults with sedentary occupations.

Methods: Relevant studies published in English were identified using CINAHL, EMBASE, MEDLINE, Web of Science,
Scopus, and PubMed databases up to December 2020. Random effects meta-analysis models were used to pool
study results.

Results: Thirteen relevant studies (six workplaces and seven laboratories) were found with a total of 351
participants. Pooled analysis of laboratory studies showed a significant increase in energy expenditure (105.23 kcal
per hour, 95% confidence interval [Cl]: 90.41 to 1204), as well as metabolic rate (5.0 mL/kg/min, 95% Cl: 3.35 to
6.64), among treadmill desk users compared to sitting conditions. No evidence of significant differences in blood
pressure were found. In workplace studies, we observed a significant reduction in sitting time over a 24-h period
(—1.73 min per hour, 95% Cl: —3.3 to —0.17) among users of treadmill desks, compared to a conventional desk.
However, there were no evidence of statistically significant changes in other metabolic outcomes.

Conclusions: Treadmill desks offer a feasible and effective intervention to increase energy expenditure and
metabolic rate and reduce sitting time while performing work-related tasks. Future studies are needed to increase
generalizability to different workplace settings and further evaluate their impact on cardiometabolic health.
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Introduction

Adults spend the majority (i.e., 10 to 13 h) of their waking
day being sedentary [1, 2]. High levels of sedentary activity
are associated with morbidity and mortality [1-4], includ-
ing a dose-response relationship between sitting time and

* Correspondence: akinoyes@yorku.ca

1222A Bethune College, York University, 4700 Keele Street, Toronto, ON M3J
1P3, Canada

Full list of author information is available at the end of the article

K BMC

mortality from all causes [5, 6] and cardiovascular disease
[2, 7]. Thus, the sedentary nature of the work environ-
ment supports reconfiguring the workspace to reduce sit-
ting time.

According to the Sedentary Behavior Research Net-
work, sedentary behaviour is defined as energy expend-
iture (< 1.5 metabolic equivalent of task [METs]) that is
performed while an individual is awake and not standing
[8]. Technological advancements have facilitated more
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sedentary work environments [9-11] coinciding with
fewer opportunities for daily physical activity and en-
ergy expenditure in the workplace [12-14]. Moreover,
given the impact of the COVID-19 pandemic, work-
ing remotely could become routine [15, 16]; thus, tar-
geted efforts will be necessary to address potential
decreases in transportation-related energy expenditure
and sedentary behaviour that have long-term implica-
tions for morbidity and mortality associated with
chronic disease [17].

Meanwhile, there is emerging evidence that time spent
in light-intensity physical activity, including walking (< 5
mph), can counteract the negative health effects of pro-
longed sitting [4, 18]. Most recently, there has been
growing interest in targeted workplace interventions
using active workstations (e.g., sit-stand desks, stepping
devices, pedal machines) to interrupt prolonged sitting
[19-24] or treadmill desks — a vertical workstation with
a treadmill (i.e., a motorized platform with a continuous
belt) to permit working and walking [25]. Despite the
relative recent emergence of this literature, efforts to
understand the effect of a treadmill desk with work-
related tasks have, nonetheless, been ongoing since the
late 1980s [25]. Several recent studies have explored the
use of treadmill desks in the laboratory [26-32], and in
the workplace [9, 10, 24, 33-37]; however, there is con-
siderable heterogeneity in intervention characteristics
and outcomes, which necessitates analysis by study
setting.

To date, few systematic reviews, and meta-analyses
of active workstations on sedentary time [38-41], en-
ergy expenditure [19, 23, 42], or cardiometabolic
health [19, 22, 23, 39] exist. There are even fewer
meta-analyses of the effect of treadmill desks on sed-
entary time [38, 39], energy expenditure [23, 42] and
cardiometabolic health [23, 39]. As well, randomized
studies [33, 36, 37] and long-term [24, 33] effects of a
treadmill desk intervention at work are also rare.
Knowing the effect of a treadmill desk both in the la-
boratory and workplace settings builds on previous
works [23, 39-42] and will inform the current dis-
course on the efficacy and effectiveness of treadmill
desks in an increasingly sedentary workplace and
work-from-home environment. Thus, the primary ob-
jective of this review and meta-analysis is to investi-
gate the effect of a treadmill desk on energy
expenditure and sitting time, compared to a conven-
tional desk in sedentary working adults. A secondary
objective is to evaluate the potential health effects of
using a treadmill desk on cardiometabolic risk factors.
We hypothesize that an occupational treadmill desk
will be associated with positive changes in energy ex-
penditure, sitting time, and cardiometabolic abnormal-
ities, compared to a conventional desk.
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Methods

Systematic literature searches of CINAHL, EMBASE,
MEDLINE, Web of Science, Scopus, and PubMed data-
bases were performed to identify relevant peer-reviewed
journal articles, related to treadmill desk use in the
workplace up to December 2020. The search terms in-
cluded (but were not limited to) “sedentary behavior”,
“sedentary lifestyle”, “active workstation”, “treadmill
workstation”, “treadmill desk”, “walking or physical ac-
tivity”, “stepping device”, “workplace”, “office” alone or
combined using Boolean operators in each database. Full
electronic search strategy from PubMed is included in
supplementary material (see Table S1). Manual searches
were performed using the reference lists of retrieved ar-
ticles to locate additional articles. There was no language
restriction when conducting the search. This study was
conducted based on preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) guidelines
for systematic reviews [43]. There was no potential for
participant identification from published summary data;
thus, ethics approval was not required from our host
institution.

Inclusion criteria

The PRISMA flow diagram [43] in Fig. 1 summarizes
the selection of studies. Eligible studies were screened by
title and abstract. Potential studies were included if their
study designs involved interventions to reduce sitting
(e.g., pre-post studies, prospective clinical trials, pro-
spective controlled designs, repeated-measures, random-
ized repeated-measures, randomized controlled trials,
and randomized cross-over trials). Studies were re-
stricted to include healthy adults ages 18+ with a normal
to overweight/obese body mass index (BMI, calculated
as body mass (kg) divided by the square of the standing
height, kg/m2) [36].

Data extraction and assessment of bias

Full-text articles were independently assessed for eligibil-
ity by two reviewers (AO-S, ZA) using the Critical Ap-
praisal Skills Programme (CASP) checklists [44]. This
was followed by data extraction and assessment of bias
using the Cochrane Collaboration tool (i.e., the quality
assessment and data extraction form) [45]. Relevant in-
formation from individual trials included study design,
sample characteristics, intervention modality, duration,
frequency of interaction, and primary outcomes of inter-
est. Authors [30, 34, 37] were contacted for additional
data where required. The mean differences for each out-
come along with their 95% confidence intervals [CI] for
intervention versus control groups were extracted using
a pre-specified format. Discrepancies in this process
were resolved by consensus or by consultation with a
third reviewer (CIA).
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Outcomes

The primary study outcomes were changes in object-
ively monitored energy expenditure and sitting time.
The secondary outcomes were physiological changes
(i.e., oxygen consumption, blood pressure, fasting glu-
cose, high density lipoprotein, triglycerides, total chol-
esterol, body fat percentage, and body mass index
(BMI)). Energy expenditure was expressed as kilocalo-
ries per hour to be consistent with previous research
[29] and estimated from the reported average METs
and body mass [26]. One MET - the energy cost at
rest or sitting quietly — is equivalent to 3.5 ml of oxy-
gen per kilogram of body mass per minute [30]. Simi-
larly, sitting time was expressed as minutes per hour
and estimated from the reported total time spent sit-
ting/lying per day [34, 35] or postural time (i.e., the
time spent walking, standing, and sitting or resting/
lying) during waking or working hours [24, 33].

Statistical analyses

Mean differences were the principal summary measure
for analysis and were obtained by calculating the differ-
ence between baseline and follow-up for pre-post stud-
ies, or treadmill desk users and control in parallel arm
designs. Analysis was stratified by study setting (i.e., la-
boratory and workplace). Mean differences from individ-
ual studies were pooled using the metafor package [46]
in R [47]. The I statistic was used to assess the hetero-
geneity between studies [48]. Studies were assumed to
be heterogeneous; thus, random-effects were modelled
to calculate pooled effect sizes.

Results

Search strategy

Figure 1 shows the flow diagram for the inclusion of
studies in this report consistent with the PRISMA state-
ment [43]. A total of 13 articles met the criteria for
quantitative synthesis including seven studies carried out
in a laboratory, and six studies carried out in a work-
place setting. As a result, the total number of partici-
pants available for meta-analysis was 351, including 117
participants in a laboratory, and 234 in a workplace set-
ting. Laboratory assessments varied between five and 30
min, while workplace assessments at follow-up varied
between three and 18 months.

Treadmill desk

Included studies assessed the impact of a treadmill desk,
compared to a conventional desk. The characteristics of
included studies in the laboratory and workplace for the
treadmill desk group are presented in additional files
(see Additional file 1: Table 1 and Table 2).
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Quantitative synthesis

Eligible studies were pooled for analysis by study setting.
Results of the pooled estimates for studies conducted in
a laboratory or workplace are presented in additional
files (see Additional file 1: Table 3 and Table 4). Forest
plots (see Additional file 2: Fig. 2, and Fig. 3), and funnel
plots (see Additional file 2: Fig. 4, and Fig. 5) of pooled
estimates, are presented in supplementary material.

Laboratory settings

The random effects model showed that there was a sig-
nificant increase in energy expenditure (105.23 kcal per
hour, 95% CI: 9041 to 120.04kcal per hour; I=
61.22%), as well as a significant increase in the oxygen
consumption (5.0 mL/kg/min, 95% CI: 3.35 to 6.64 mL/
kg/min; I* =86.19%), as a result of slow walking (< 3
mph) on a treadmill desk compared to sitting. We ob-
served no significant change in systolic (- 1.26 mmHg,
95% CI: - 6.85 to 4.33 mmHg; I* = 45.57%) or diastolic
blood pressure (-1.79 mmHg, -5.08 to 1.50 mmHg;
I? = 18.46%) in the pooled analysis.

Workplace settings

The random effects model revealed a statistically signifi-
cant reduction in sitting time over a 24-h period (- 1.73
min per hour, 95% CI: -3.30 to —0.17, I* = 42.4%),
among users of treadmill desks, compared to a conven-
tional desk. In an exploratory subgroup analysis of only
randomized controlled trials [33, 36], we noted similar
reductions in sitting time among treadmill desk users
compared to the usual condition during working hours,
which did not reach statistical significance (- 3.58 min
per hour, 95% CI: - 7.17 to 0.02). There were no signifi-
cant changes in physiological outcomes (blood pressure,
glucose, high density lipoproteins, triglycerides, total
cholesterol, body fat percentage, and BMI) with tread-
mill desk use; however, the direction of effect favoured
the intervention for most outcomes, with the exception
of BMI (Additional file 1: Table 4).

Discussion

A systematic review and meta-analysis were performed
to investigate the effect of a treadmill desk on energy ex-
penditure, sitting time, and cardiometabolic health
among adults in laboratory and workplace settings. Pre-
vious research has shown that irrespective of the time
spent in physical activity, prolonged sedentary activity is
associated with negative health effects such as cardio-
metabolic abnormalities [5, 49-51]. Furthermore, drug
therapies to reduce symptoms of cardiometabolic risk
factors are not without adverse side effects [52]. With
many individuals also working from home [12-16], use
of treadmill desks may be a feasible alternative to con-
ventional desks for reducing prolonged sitting and
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enhancing cardiometabolic health among adults with
sedentary occupations.

The findings of this meta-analysis showed some poten-
tial health benefits in both the analysis of laboratory, and
workplace studies. Notably, we observed a significant in-
crease in energy expenditure (primary outcome) and
metabolic rate, as well as potential, though non-
significant reductions in blood pressure among users of
a treadmill desk in a laboratory setting. In the analysis of
workplace studies, we observed a small but clinically
relevant reduction in sitting time (primary outcome)
during a full-day as a result of treadmill desk interven-
tions. An exploratory analysis of only randomized con-
trolled trials also revealed reductions (non-significant) in
sitting time during working hours. Although we ob-
served non-significant physiological changes (i.e., blood
pressure, fasting glucose, high density lipoprotein, tri-
glycerides, total cholesterol, body fat percentage, and
BMI) in the workplace, the direction of effect typically
favoured the intervention, suggesting that it may be a
lack of statistical power. Individuals with prediabetes or
prehypertension [53] could also benefit from the positive
health effects associated with treadmill desks.

To date, a number of biological and physiological fac-
tors have been implicated in the pathway between sed-
entary activity on cardiometabolic health [54], including
lipoprotein lipase activity [7], oxidative stress [55, 56],
and insulin resistance [57]. Although these mechanisms
are not fully understood [17, 58], sedentary behavior is
an emerging independent risk factor of cardiometabolic
diseases independent of physical activity status [2, 7, 53].
Our systematic review and meta-analysis aligns with the
call of the American Heart Association [17] for interven-
tions for reducing sedentary behaviour and its effects.

Our results are consistent with previous meta-analyses
of workplace interventions, including treadmill desks, on
energy expenditure and sedentary time [23, 38, 39, 42].
However, there was considerable heterogeneity [48] in
the included trials. As such, there was a need to look at
these collectively to ascertain the overall efficacy and ef-
fectiveness of these interventions. Although two work-
place studies measured energy expenditure [35, 37], this
was insufficient for pooled analysis to ascertain changes
in energy expenditure among treadmill desk users. There
were minimal issues ascertaining energy expenditure in
laboratory studies. However, our findings agree with pre-
vious research that the opportunity cost of sitting, in-
stead of walking, amounts to ~ 100 kcal per hour [2, 22].
Although the effect size for sitting time in our study was
small, it aligns with prior randomized and observational
studies which have shown improvements in insulin sen-
sitivity [59] and mortality risk [60, 61] as a result of a
30-min reduction in sitting time per day; accrued in
short (1- to 2-min) bouts at regular intervals.
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Importantly, short bouts of light-intensity walking at
regular intervals may be easier for sedentary adults to
maintain, and it has also been shown to counteract shear
stress due to prolonged sitting [62]. Indeed, lower ex-
tremity shear stress worsens within one hour of uninter-
rupted sitting, which promotes superficial femoral artery
endothelial dysfunction [62]. However, standing as an
activity on its own for counteracting prolonged sitting
may also be taxing on the heart. Cyclic contraction of
the leg muscles (e.g., walking) coinciding with increased
respiration offers more support to the pumping mechan-
ism of the heart [63]. Moreover, walking circulates anti-
oxidants for counteracting oxidative stress or reactive
oxygen species [56], and; in animal models, maintenance
of daily walking has been shown to increase lipoprotein
lipase activity, a key regulator of lipid metabolism [64].
Thus, interrupting prolonged sitting with walking may
be more beneficial for weight management, glucose and
lipid metabolism, and reduced mortality risk in seden-
tary adults [65]. Importantly, previous research [21, 66]
has found that walking and working has no considerable
negative effects on work-related tasks. As a result, our
findings reinforce that in the absence of opportunities
for moderate intensity walking in many workplace set-
tings [31], long-term sustained light-intensity walking
can be achieved with the installation of treadmill desks.

Strengths and limitations

An important strength of this systematic review and
meta-analysis is the inclusion of valid and reliable mea-
sures of energy expenditure, and objectively monitored
changes in sitting time using accelerometers; thus, detec-
tion bias was low. Analysis was stratified according to
study setting, and there was also low risk of publication
bias. Finally, the inclusion of studies with long-term
follow-up and randomization, and the pooling of studies
to produce a large sample size allowed for a more com-
prehensive analysis of these effects.

Nonetheless, there were some limitations. Although
this meta-analysis was aimed at the generally sedentary
working adult population, there were only a few studies
in the literature examining the effect of treadmill desks
on sedentary behaviour, and even fewer with proper
randomization. Among the studies with appropriate
randomization, one study had sit-stand desks [33] as the
conventional desk, and one study had shared treadmill
desks [36] as the intervention, contrary to other inter-
vention studies. To account for this variation in experi-
mental strategy, sitting time during working hours was
explored. Furthermore, studies with randomization did
not mask study personnel, with the exception of one
workplace study that masked researchers to the group
assignments [33], and one laboratory study that masked
assessors to the purpose of the study and protocol [28].
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The risk of contamination was also a concern as partici-
pants in the same workplace were likely to interact so-
cially [20], and behavioural, extraneous, observer, and
seasonal effects cannot be ruled out. There were also
limitations in objective sedentary time. Notably, waking
hours and non-wear time were not necessarily specified,
and neither were exposure levels; therefore, we can only
speculate about the dose-response relationships [67]. Al-
though there was potential for attrition [24, 33, 36, 37],
losses to follow-up were accounted for, resulting in good
participant retention.

Treadmill desks offer a feasible approach for facilitat-
ing reductions in sitting time in an increasingly seden-
tary workplace and work-from-home environment.
Studies with randomization, longer follow-up times and
larger sample sizes are nonetheless necessary to evaluate
their impact in real-world workplace settings. On the
basis of the above, our findings suggest that future stud-
ies should involve: i) cluster randomized controlled trials
in order to compare the effects of treadmill desks to re-
duce sitting time across workplaces, and to reduce the
risk of treatment group contamination; ii) experimental
designs that include the investigation of dose-response
relationships to support the efficacy and effectiveness of
treadmill desks, given the potential for the intervention
to have positive health effects; iii) 24-h ambulatory blood
pressure monitors or wrist-worn devices that may re-
duce the discomfort of cuffs and interruptions in sleep,
and accelerometers for 24-h movement patterns to ac-
count for non-wear time and waking hours, in order to
ascertain work and non-work sedentary time, and; iv)
behavioural support strategies such as health promotion
programs [24], automated reminders ([33], diarizing
physical activity [34], and exercise counselling [36, 37] to
improve adherence. Indeed, our study further highlights
the need for integrated workplace interventions, as inter-
ventions that combine activity monitors and health edu-
cation are thought to be more effective at reducing
sedentary behaviours [68, 69].

Conclusion

Our study shows that the use of treadmill desks
increases energy expenditure and metabolic rate and
reduces sitting time. Traditional levels of significance
were not observed for any of the physiological markers
in the workplace setting; however, point estimates show
that there is potential for improvements in cardiometa-
bolic health. These findings suggest that more studies
are needed, as treadmill desks may counteract the nega-
tive health effects of prolonged sitting in the working en-
vironment, but the current evidence is inconclusive.
Future studies with longer-term follow-up and larger
sample sizes are needed to better understand the effects
of treadmill desks on sitting time and various
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cardiometabolic health parameters, particularly as it re-
lates to free-living populations. To this end, well-crafted
cluster randomized controlled trials would further deter-
mine the effectiveness of these interventions.
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