Work 65 (2020) 537-545 537
DOI:10.3233/WOR-203108
10S Press

Review Article

The effects of cycle and treadmill
desks on work performance and
cognitive function in sedentary
workers: A review and meta-analysis

Nastja Podrekar®?, Ziga Kozinc®® and Nejc Sarabon??-d-*

aUniversity of Primorska, Faculty of Health Sciences, Izola, Slovenia
YInnoRennew CoE, Izola, Slovenia

SUniversity of Primorska, Andrej Marusi¢ Institute, Koper, Slovenia
d$2P, Science to Practice Ltd., Ljubljana, Slovenia

Received 17 September 2018
Accepted 28 April 2019

Abstract.

BACKGROUND: Sedentary behavior has been recognized as an important risk factor in the development of several chronic
diseases. Active workstations have been proposed as an effective countermeasure. While such interventions likely reduce
sedentary time, concerns regarding the effects on work performance and cognitive function remain.

OBJECTIVE: To use meta-analyis to critically evaluate the work performance and cognitive function effects of cycle and
treadmill desks as workplace interventions against sedentary behavior.

METHODS: In February 2018, a data search was conducted. Parallel and crossover design studies evaluating workplace
interventions compared to conventional seated conditions were included.

RESULTS: Eighteen studies met the inclusion criteria. Both interventions reduced typing speed (cycling: SMD =-0.35,
p=0.04; treadmill: SMD =-0.8, p <0.001). The number of typing errors significantly increased during cycling interventions
(SMD =0.39, p=0.004). No effect was found for the selective attention tests. However, there was an improvement in recall
ability (SMD =0.68, p=0.003).

CONCLUSION: Cycle and treadmill desks affect work performance, but most likely not due to a decrease in cognitive
function. Further research is needed to determine whether the degree of work performance decline is acceptable, considering
the many positive effects of implementing active workstations in the office environment.
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1. Introduction

Performing regular physical activity (PA) is not
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it also promotes cognitive and psychological health
[6-8] and could increase job satisfaction and overall
quality of life [9]. Individuals achieving high lev-
els of PA express increased self-esteem and report
lower stress levels [10]. The effects of PA on cogni-
tion are seen at the systemic, molecular and cellular
levels [11]. Performing moderate-intensity PA ben-
efits acute concentration-related cognition [12] and
could positively affect long-term memory [13]. It
has been shown that performing PA increases neu-
rogenesis and accelerates an individual’s cognitive
development [14]. Moreover, it promotes angiogene-
sis, synaptogenesis and increases the concentration of
brain neurotransmitters [15]. Donnelly & Lambourne
[16] report superior academic success and cognitive
function in students performing a larger amount of
moderate intensity PA. In addition, reduced sick-
leave durations and rates have been observed in
workers that are physically active [17]. Finally, PA
plays an important role in the prevention of cognitive
decline and dementia in the elderly [18].

Modern lifestyles promote sedentary behavior to
a greater extent than PA (e.g., by requiring computer
work), and many employees report lack of time as one
of the main reasons for not performing PA [19, 20].
Therefore, many researchers have begun exploring
interventions that incorporate PA into work and other
activities. Active workstations, which enable workers
to perform PA in the office, are amongst the possible
solutions.

Meta-analyses conducted so far have addressed
the effects of workplace interventions on sedentary
behavior and PA levels [21-26], whereas two meta-
analyses have examined the effects on the cognitive
function [27, 28]. These meta-analyses included
studies with different interventions (active breaks,
educational workshops, prompts, sit-to-stand desks,
bike and treadmill desks, etc.). However, the specific
effects of cycle and treadmill desks on cognitive func-
tion and work performance have not been assessed.
Moreover, the volume of research regarding work-
place cycling and walking has expanded rapidly
in recent years, since active workstations indicate
positive effects for sedentary workers. Therefore, a
re-evaluation of the effects of these interventions is
needed.

This review and meta-analysis were conducted to
investigate the effects of active workstations permit-
ting continuous PA (i.e., cycle and treadmill desks)
on cognitive function and work performance. We
hypothesized that both types of intervention will
result in improved cognitive function, whereas work

performance will not be disturbed to any practical
extent.

2. Methods
2.1. Study inclusion criteria

Studies were included in the meta-analysis if they
met the following criteria: i) the study design was a
randomized controlled trial, cross-over randomized
trial or other (non-randomized) prospective study
design including a control group; ii) the study investi-
gated the effects of either cycle or treadmill desks; iii)
the participants were sedentary workers (e.g., office
workers), aged between 18 and 65, with no medi-
cal conditions; iv) the outcome variables included
measurements of work performance or cognitive
function.

2.2. Search strategy

The search was independently conducted by two
authors in February 2018 and included PubMed, Web
of Science, ScienceDirect, Scopus, BioMedCentral
and the Cochrane Central Register of Controlled Tri-
als databases. The search strategy was based on the
search terms within four main elements: i) sedentary
behavior and its synonyms, ii) workplace physical
activity and its synonyms, iii) types of intervention
and its synonyms, iv) outcome parameters. Search
terms were merged with » AND« and »OR« and terms
referring to these elements were used in the title or
abstract in all databases. Additionally, reference lists
of relevant published systematic review papers were
reviewed. The complete list of search terms and the
list of systematic reviews are provided in Supplemen-
tary file 1.

2.3. Assessment of the methodological quality of
the studies included

Two authors independently assessed the method-
ological quality of the studies included using the
ten-level PEDro Scale. The scores were interpreted as
high quality (9-10), moderate quality (6-8), sufficient
quality (4-5) and low quality (<3) [29]. The PEDro
scale evaluates the study quality based on the follow-
ing domains: 1.) subjects were randomly allocated
to groups; 2.) group allocation was concealed; 3.)
important baseline prognostic indicators were sim-
ilar among groups; 4.) all subjects were blinded; 5.)
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all participating therapists were blinded; 6.) all asses-
sors that measured at least one key outcome were
blinded; 7.) measures of at least one key outcome
were obtained from more than 85% of the subjects
initially allocated to the groups; 8.) all subjects whose
outcome measures were available received the treat-
ment or the control condition as allocated or, where
this was not the case, the data for at least one key
outcome was analyzed by “intention to treat”; 9.)
the results of between-group statistical comparisons
are reported for at least one key outcome; 10.) the
study provides both point measures and measures of
variability for at least one key outcome [30]. The
PEDro scale was used to determine study eligibil-
ity in this meta-analysis, as it covers the four main
types of biases indicated by the Cochrane Collab-
oration (the agency providing recommendations for
health care interventions): i) selection bias; ii) perfor-
mance bias; iii) attrition bias; iiii) detection bias [31].
Potential disagreements between the assessors on the
final outcome were resolved by the third author.

2.4. Data extraction

The data extracted from each study included: the
first author’s last name, the year of publication, the
study design, the type of intervention, the duration
and the intensity of the intervention, the location of
the study, the sample size, the participants’ age and
anthropometric data, as well as the means and stan-
dard deviations for all relevant outcome measures.
The extraction was performed by all the authors sep-
arately to avoid errors. The data was compiled in
Microsoft Excel 2016 (Microsoft Corp., Redmond,
WA) for further analysis. When the data reported in
the full-text papers was insufficient, the authors were
contacted and asked to provide the missing data.

2.5. Data analysis

All data analyses were conducted using Review
Manager, version 5.3 (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration).
Studies that reported results for the same measure-
ments were pooled into the meta-analysis using
a random effects model with the inverse variance
method. When possible, the mean difference (MD)
method was used. However, due to the heterogeneity
of the cognitive function as well as the work per-
formance assessment tools, the standardized mean
difference (SMD) was also used to express the differ-
ence between the intervention and the control groups.

Individual studies were sorted for subgroup analysis
based on intervention type (cycle or treamdill
desks). Statistical heterogeneity between the studies
was assessed using the I? test; <30% =negligible;
30%—-75% = moderate; >75% = considerable
[32]. The threshold level for statistical significance
was set at p <0.05.

3. Results
3.1. Literature search

The database search identified 1034 potentially rel-
evant studies and seven more were collected from the
reference lists of existing systematic reviews. After
removal of duplicates, the abstracts of 875 articles
were screened reducing the dataset to 153 studies for
full-text analysis. Finally, 18 studies were included in
the meta-analyses. A flowchart of the database search
is depicted in Fig. 1.

Among the 18 studies included, two were
randomized controlled trials [33, 34], two were non-
randomized parallel group design studies [35, 36] and
14 were crossover studies [37, 38,47-50,39-46]. The
average age of participants (225 males, 376 females,
121 unknown) was 31.0 & 6.4 years and their average
BMI was 24.4 £ 3.6. The study quality was moder-
ate (average outcome 5.2 / 10, median outcome 5), as
seen in Supplementary File 3.

3.2. The effects of the interventions on work
performance

Altogether, nine studies examining work perfor-
mance were included in the meta-analyses. Five
studies evaluated cycle desks [33, 40, 41, 47, 50],
two studies evaluated treadmill desks [34, 44] and
two studies evaluated both types of interventions [42,
49]. Two meta-analyses were conducted evaluating
typing speed and the number of typing errors in the
intervention group compared to the control group in
the sitting condition.

The first typing speed meta-analysis included eight
studies (363 participants). All studies were performed
in a laboratory environment. The Forest Plot (Fig. 2)
shows the pooled effect size separately for the cycle
and treadmill desk interventions and the total effect
size for both interventions together. Studies which
included both cycle and treadmill desk interventions
[42, 49] were included in both Subgroups based on
the intervention type. Four studies performed the
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Records identified through
database search:
n=1034

Records identified through references

n=7

Records after removing duplicates

n=875
Title and/or abstract
Records screened screened -> excluded
n=875 n=722
Publications excuded:

n=153

Full text articles assessement

ongoing studies, study protocols,
same data as an already included study,
no control group

n=135

n=18

Studies included in meta-analysis

Fig. 1. Flowchart of database search.

intervention condition at more than one intensity
[41, 42, 45, 49]. In these cases, the results for each
intensity level were included in the meta-analysis sep-
arately. Descriptions of the intensity level of each
intervention are provided in Fig. 2.

The pooled effect size indicated a statisti-
cally significant negative effect on typing speed
(SMD =-0.60, [-0.85, —0.35], p<0.001, I2=62 %).
Analysis of the intervention subgroups revealed that
both cycling (SMD =-0.35, [-0.68, -0.02], p=0.04,
12=50 %) and treadmill interventions (SMD =-0.80,
[-1.12,-0.51], p<0.001, I2=55 %) caused a reduc-
tion in typing speed. The differences between the
subgroups were statistically significant (p=0.04).
Statistical heterogeneity between included studies
was moderate (I> =62 %, p <0.001).

Four studies with a total of 167 participants were
included in the assessment of the effect of cycling
and treadmill interventions on the number of typ-
ing errors (see Supplementary File 4). Each of these
studies were performed in a laboratory environment.

Two of the studies [33, 42] included both cycle and
treadmill desk interventions and two of the studies
[42, 47] investigated the effects at different intensity
levels. The pooled effect size showed a significant
effect on the number of errors, which was greater
in the intervention group (SMD =0.37, [0.15, 0.58],
p=0.0009, I =0 %). Subgroup analysis showed that
the negative effect is only present in cycling inter-
ventions (SMD =0.39, [0.13, 0.66], p=0.004, I>=0
%), but not in treadmill interventions (p=0.16),
although there were no statistically significant dif-
ferences between the subgroups (p =0.90). Statistical
heterogeneity was not present (I> =0 %, p=0.62).

3.3. The effects of interventions on cognitive
function

Nine studies were included in the cognitive func-
tion meta-analyses [35-39, 44, 46, 48, 50]. The stud-
ies evaluated cognitive function with different tests.
The meta-analyses were conducted for the Eriksen
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Std. Mean Difference
Study or Subgroup  Weight IV, Random, 35% CI

Std. Mean Difference
IV, Random, 95% ClI

Bike Desk

Carr 2014 6.3% -0.04[-0.67, 0.58]
Cho2014a 48%  -0.85[-1.70,-0.01]
Cho 2014 b 39%  -1.92]-2.92,-0.93]

Commissaris 2014 a.1 5.6%
Commissaris 2014 a.2 5.6%

0.12[-0.84, 0.60]
0,07 [0.78, 0.65]

Straker 2009 a.1 1.3% -0.29[-0.79,0.22]
Straker 2009 a.2 7.3% -0.25[-0.76, 0.26]
Torbeyns 2016b 6.7% -0.05[-0.63, 0.53]

Subtotal (95% CI) 47.4% 035068, -0.02]

Heterogeneity: Tau? = 0.11; Chi? = 13.89, df =7 (P = 0.05); I = 50%

Test for overall effect: Z =2.09 (P = 0.04)

Treadmill Desk

Commissaris 2014 5.6% -0.34[-1.06, 0.38]
Funk 2014 a 6.0%  -1.64[-2.30,-0.98]
Funk 2014 b 6.7%  -0.64[-1.23,-0.06]
Funk 2014 ¢ 6.1%  -1.55[-2.20,-0.90]
John 2009 6.3% 40.34-0.96, 0.28]
Larson 2015 76%  -0.71[-1.17,-0.24]
Straker 2009 b.1 71%  -0.68[-1.20,-0.16]
Straker 2009 b.2 71%  -0.71[-1.24,-0.19]

Subtotal (95% CI) 526%  -0.82[-1.12, 0.51]

Heterogeneity: Tau? = 0.11; Chi? = 15.61, df =7 (P = 0.03); I = 55%

Test for overall effect: Z = 5.18 (P < 0.00001)

Total (95% Cl) 1000%  -0.60 -0.85, -0.35]

0144{1{{1

¢

Heterogeneity: Tau?= 0.16; Chi? = 39.89, df = 15 (P = 0.0005); I* = 62% J ! ! J

Test for overall effect: Z = 4.69 (P < 0.00001)

Test for subaroup differences: Chi?=4.13, df = 1 (P = 0.04), P =75.8%

4 2 0 2 4
Favours [experimental] Favours [control]

Cho (2014 a): cycling at intensity 10 Watt; Cho (2014 b): cycling at intensity 25 Watt; Commissaris (2014 a.1): cycling at intensity 25 % heart rate reserve;
Commissaris (2014 a.2): cycling at intensity 40 % heart rate reserve; Commissaris (2014 b): walking; Funk (2014 a): walking at 1.3 knvh; Funk (2014 b): walking at 2.25 kmvh;
Funk (2014 c): walking at 3.2 kmvh; Straker (2009 a.1): cycling at intensity 5 Watt; Straker (2009 a.2): cycling at intensity 30 Watt; Straker (2009 b.1): walking at intensity 1.6 kmvh;

Straker (2009 b.2): walking at intensity 3.2 kmh

Fig. 2. Effects of cycle and treadmill desks on the Typing speed.

Flanker test, the Stroop test and the Recall ability
test. All tests were made in comparison to a control
condition of sitting.

Two studies (75 participants) examining recall
abilities were included in the analysis (Fig. 3). Both
studies investigated treadmill interventions and were
performed in a laboratory environment. There was a
significant positive pooled effect favouring the inter-
vention (SMD =0.68, [0.18, 0.87], p=0.003, I2=40
%), whereas heterogeneity of the studies was negli-
gible 1> =0 %, p=0.16).

Four independent meta-analyses were run to exam-
ine the effects of the interventions on the Eriksen
Flanker test (see Supplementary File 4), including

assessment of completition time and the accuracy of
the two test versions (with congruent and incongru-
ent stimulus). None of the four analyses showed any
statistically significant effects (p =0.27-0.93).

Two independent meta-analyses were conducted
to assess the effects of the intervention on the Stroop
test (see Supplementary file 4). Stroop test accu-
racy was included in three studies. There was no
effect on the accuracy of the test for the cycling
interventions (p = 0.50) or the treadmill interventions
(»p=0.20). As with the accuracy of the test, there
was no effect on completition time for the cycling
interventions (p = 0.93) or the treadmill interventions
(p=0.30).
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Std. Mean Difference

Std. Mean Difference

Study Weight IV, Random, 95% CI IV, Random, 95% CI

Alderman 2014 33.0% 1.01[0.35, 1.67] ——
Labonté-LeMoyne 2014 67.0% 0.52(0.18, 0.87] . N

Total (95% CI) 100.0%  0.68[0.23,1.13] <o

Heterogeneity: Tau = 0.05; Chi = 1.65, df =1(P = 020} F=40% 1) i 5 i

Test for overall effect: Z=2.98 (P = 0.003)

Favours [control] Favours [experimental]

Fig. 3. Effects of treadmill desk interventions on the Recall abilities.

4. Discussion

The aim of this paper was to meta-analytically eval-
uate the work performance and cognitive function
effects of interventions that allow typically seden-
tary workers to perform activities continuously (e.g.,
walking or cycling) during worktime. In these meta-
analyses active wokstations significantly reduced
typing speed and increased the number of typing
errors, however, there was an improvement in recall
ability. No effect was found for the selective attention
tests.

Studies included in the meta-analyses substan-
tially differed regarding the intensity levels of cycling
and walking. Torbeyns et al. [35] did not define the
cycling intensity in advance whereas in the study by
Straker et al. [49], the intensity of cycling was set
at 5 Watts for the low intensity test and 30 Watts
for the high intensity cycling test. In this study there
was a significant decrease in typing speed when
cycling at low intensity and no change in typing
speed when cycling at high intensity compared to the
seated condition. In contrast, Cho et al. [41] showed
no significant decrease in typing speed at low inten-
sity cycling (10 Watts) and a significant decrease at
high intensity cycling (25 Watts). Heart rate reserve
was used to define intensity in two studies [42, 50],
which included intensity ranges from 25 % to 40 % of
heart rate reserve. Since all the included studies were
performed in a laboratory environment, it would be
of interest to evaluate work performance in a real
environment at different intensities and at the user’s
preferred cycling intensity.

Similar inconsistencies were found for walk-
ing intensities. Interestingly, Funk et al. [45]
report a decline in typing speed while walking
at 1.3 and 3.2km/h on a treadmill, but not at
2.25km/h. Similarly, Straker et al. [49] demonstrate
a decrease in typing performance when walking at
1.6km/h (50 words/minutes) and 3.2km/h (49.6

words/minutes) compared to the sitting condition
(54.4 words/minutes). The results of the individual
studies show varied effects of active workstations
on work performance. However, the meta-analyses
conducted in this paper indicate a negative effect of
cycle and treadmill desks on work performance in
sedentary workers. Typing speeds decreased when
using cycle and treadmill desks. The latter effect
was more pronounced with treadmill desks than for
cycling stations (p=0.03). Since a seated cycling
posture results in smaller upper body movement
compared to walking, this result is understandable.
The number of typing errors significantly increased
while cycling but not while using the treadmill desk.
However, only two studies were included in the
treamdill desk analysis and four in the cycle desk
analyses. These results are in accordance with the
previous meta-analysis by Cao et al. [28], which
revealed that active workstations decrease typing
speed and impair computer-mouse work accuracy.
Cao et al. [28] also report that workplace PA notice-
ably affect motor skills but do not alter cognitive
function. Nevertheless, the results are not completely
comparable since Cao et al. [28] did not conduct a
separate meta-analysis for cycling and walking con-
ditions but combined different types of interventions.
Our results are in concordance with a systematic
review by Ojo et al. [28] who identified trivial, small
and large decrease in work performance when using
cycle desks (depending on cycling intensity).
Reduced work performance could arise from the
complexity of simultaneously performing gross and
fine movements. Studies investigating how much
attention capacity walking requires are inconclu-
sive [51, 52]. Since our results did not show a
decrease in cognitive function, the reason for poorer
work performance likely lies elsewhere. It must be
considered that in most of the studies participants
lacked familiarity with the active workstations. It has
been shown that performing two independent motor
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tasks simultaneously may be improved with practice
[53-55]. This implies that work performance could
be restored in long-term use of active workstations.

Our meta-analyses showed positive or neutral cog-
nitive function effects on sedentary workers when
using active workstations. Meta-analyses were con-
ducted for the Recall test (measuring recall abilities),
Stroop, and the Eriksen Flanker tests, which evalu-
ate processing speed, executive abilities and selective
attention [37]. Treadmill interventions improved
recall abilities. This supports the findings of van Praag
(2008) who reported that combining PA and cognitive
work enhances memory and increases learning abili-
ties. However, the two studies included indicate only
acute effects of walking and the long-term effects of
treadmill desks on recall abilities remain unknown.
Additionally, both studies were performed in a lab-
oratory environment which can differ considerably
from an office environment. Our results showed no
intervention effects on either the Eriksen Flanker or
the Stroop tests. Therefore, performing PA during
work may not impair or improve selective attention
and concentration. These results confirm the findings
of Torbeyns, Bailey, Bos, & Meeusen [56], who also
report no change in either of the these tests. Simi-
larly, Cao et al. [28] found no changes in selective
attention while performing workplace PA. Loprinzi
& Kane [12] indicate an increase in concentration-
related cognition when performing 30 minutes of
moderate intensity PA and similar findindgs were
drawn up and explained in a review by Ratey & Loehr
[11], who explain that on systematic levels, perform-
ing PA improves attention, learning and memory.
Regarding the positive effects of PA on cognition, it
would be of interest to evaluate the effects of cycling
or walking on innovative thinking. If so, despite the
negative effect on work performance, work and cog-
nitive productivity may still be enhanced.

There have been several reviews and meta-analyses
published in recent years evaluating the effects of
active workstations on different parameters in work-
ers. Most of the publications focused on reducing
sedentary behavior and increasing PA in workers and
included studies with different types of interventions.
For example, Chu et al. [21] included mixed, envi-
ronmental and educational interventions, whereas
Martin et al. [22] included also life style interven-
tions like diets etc. Reed et al. [25] focused on studies
that included mostly female participants and evalu-
ated the effects on the cardio-metabolic parameters.
In a review by Shrestha et al. [26], the focus was
on sedentary behavior and energy expenditure. Two

reviews [27, 28] focused on the effects of active work-
stations on work and cognitive performance but did
not evaluate the speific effects of cycle and tread-
mill desks. Hence, no review and meta-analyses to
date evaluated the effects of cycle and treadmill desks
alone on work performance and cognitive function.
In conclusion, workstations that allow users to per-
form cycling and walking activities decrease work
performance, but not cognitive function. Future stud-
ies, using longer intervention periods, performed in
a real environment are desired to elucidate the long-
term effects of cycle and treadmill desks during work.

4.1. Limitations

Only peer-reviewed articles were included in this
paper. Studies such as theses, unpublished papers and
conference papers were not included. This ensured
that the included studies were of acceptable qual-
ity, although it could have induced selection bias.
Other limitations are lack of real environment stud-
ies and the heterogeneity among studies regarding
the number of participants, the intensity of the inter-
ventions and the experimental design. Therefore,
the pooled effects sizes should be interpreted with
caution, despite using random effects model and pre-
senting the results as standardized mean differences.
Only a limited number of variables were tracked
in mutiple studies (e.g. typing speed), while certain
variables were only included in a limited number of
studies (e.g. recall abilities). For such variables, more
studies are needed to provide solid conclusions.
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