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Exercise to reduce work-related fatigue among employees: a randomized

controlled trial

By Juriena D de Vrigs, MSc,” Madelon LM van Hooff, PhD,” Sabine AE Geurts, PhD," Michiel AJ Kompier, PhD '

de Vries JD, van Hooff MLM, Geurts SAE, Kompier MAJ. Exercise to reduce work-related fatigue among employees:
a randomized controlled trial. Scand J Work Environ Health. 2017;43(4):337-349. doi:10.5271/sjweh.3634

Objectives The present study evaluated the efficacy of an exercise intervention to reduce work-related fatigue
(emotional exhaustion, overall fatigue, and need for recovery). The effects of exercise on self-efficacy, sleep,
work ability, cognitive functioning and aerobic fitness (secondary outcomes) were also investigated.

Methods Employees with high levels of work-related fatigue were randomly assigned to either a 6-week exer-
cise intervention (EI; N=49) or a wait-list control group (WLC; N=47). All participants were measured pre- (TO)
and post-intervention (T1). EI participants were also measured 6 (T2) and 12 weeks (T3) after the end of the
intervention. Analyses were based on intention-to-treat (ITT) and per-protocol (PP). PP analyses only included
EI participants (N=31) who completed the intervention and WLC participants (N=35) who did not increase their
exercise level during the wait period.

Results Analyses of covariance (ANCOVA) revealed that, at T1, the EI group reported lower emotional exhaus-
tion and overall fatigue than the WLC group, however, only according to PP analyses. Both according to ITT and
PP analyses, EI participants showed higher sleep quality, work ability, and self-reported cognitive functioning at
T1 compared to WLC participants. Intervention effects were maintained at T2 and T3.

Conclusions The exercise intervention had enduring effects on work-related fatigue and broader indicators of
employee well-being. This study demonstrates that, in case of work-related fatigue, exercise does constitute a
powerful medicine for those who comply with the treatment.

Key terms burnout; emotional exhaustion; employee fatique; employee well-being; intervention; need for

recovery; randomized controlled trial; RCT.

Many employees experience work-related fatigue (esti-
mated at 22%, [1, 2]). Its more extreme manifestation,
"burnout" is, at least partly, the result of prolonged
work-related stress, resulting from excessive workload,
time pressure, or organizational change (3, 4). Negative
consequences for employees include impaired cognitive
functioning, reduced productivity at work, and health
problems such as depression and cardiovascular diseases
(4—6). These negative consequences have prompted
calls for effective interventions to reduce work-related
fatigue. In the current study, exercise as a potential inter-
vention to reduce work-related fatigue is investigated.
It has been proposed that a combination of psycho-
logical and physiological mechanisms underlies the
beneficial effect of exercise on work-related fatigue.
As regards the first, exercise may help employees to
psychologically detach from work (7, 8) and in this way

prevent prolonged stress responses that may result in
enduring fatigue (9). As regards the second, increased
physical fitness may promote stress resilience through
faster stress recovery (10) thus reducing the risk of
persistent fatigue.

So far, only few studies have examined the effect
of exercise on work-related fatigue. Cross-sectional and
longitudinal studies have reported an inverse relationship
between the two (11-14), and the few available interven-
tion studies show beneficial effects of exercise on work-
related fatigue (15-19). However, these intervention stud-
ies suffered from one or more methodological shortcom-
ings, such as no adequate control condition, no (described)
randomization procedure, and lack of non-response and
intention-to-treat (ITT) analyses. Due to these shortcom-
ings the causality of the association between exercise and
work-related fatigue remains largely unclear.
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Therefore, the aim of the current study was to uncover
the causal association between exercise and work-related
fatigue by employing a randomized controlled trial. To
this end, we selected employees with high levels of work-
related fatigue and randomly assigned them to either a
6-week exercise intervention (EI) or a wait-list control
group (WLC). As such, it was investigated whether
exercise has beneficial effects on work-related fatigue
compared to the natural course of these symptoms. It
was hypothesized that exercise reduces work-related
fatigue. Additionally, we aimed to investigate the effect
of exercise on five secondary outcomes of employee
well-being: self-efficacy, sleep, work ability, cognitive
functioning, and aerobic fitness. Prior work shows that
fatigued employees often show deficiencies in these out-
comes (20—24), while it has been suggested that exercise
positively affects them (25-29, see 30 for a more exten-
sive justification for the choice of secondary outcomes).
We therefore expected that exercise improves general
and work-related self-efficacy, sleep quality and quantity,
work ability, cognitive functioning, and aerobic fitness.

Methods

Study design

It was investigated whether the EI group was superior to
the WLC group with respect to the reduction of work-
related fatigue. Participants were randomly allocated to
one of the two conditions at a ratio of 1:1 and a block
size of 20. A full description of the study protocol has
been previously published (30). The Ethics Committee
of the Faculty of Social Sciences of the Radboud Uni-
versity (registration number: ECSW2015-1901-278)
approved the study protocol, which was preregistered
at the Netherlands Trial Register (NTR5034).

Participants and procedure

Participants were recruited via advertisements in news-
papers, via social media, and on the intranet of large
healthcare organizations. They were eligible to partici-
pate if they were currently employed and had high levels
of work-related fatigue, as indicated by a high score on
two validated questionnaires (ie, >2.2 on the emotional
exhaustion scale of the Utrecht Burnout Scale [31], and
>22 on the Fatigue Assessment Scale [32]). Exclusion
criteria were (i)>1 hour of exercise/week; (ii) fatigue
attributable to a medical condition; (iii) currently or in
the past six months receiving psychological and/or phar-
macological treatment; (iv) drug dependence; and (v)
contra-indications to exercise. The latter were measured
with the Physical Activity Readiness Questionnaire
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(33). Sample size calculation can be found in the study
protocol (30). In total, 362 employees were screened
for eligibility (see figure 1). Of these, 96 were eligible
and willing to participate. After baseline assessment
randomization was carried out by the first author (JdV)
or a research assistant, using sealed opaque envelopes.

Exercise intervention

The exercise intervention consisted of 1-hour low-
intensity running sessions three times a week for a
period of six consecutive weeks. Two running sessions
were carried out in a small group of ten participants, led
by a licensed running trainer, and one running session
was carried out independently by the participant. More
details of the intervention can be found elsewhere (30).
WLC participants were offered to follow the inter-
vention after six weeks of waiting. Thirty-nine of 47
WLC participants actually followed the intervention.

Measures

All outcomes were measured among EI and WLC par-
ticipants at pre- (T0) and post-intervention (T1). EI
participants were also measured at follow-up: 6 (T2)
and 12 (T3) weeks after the intervention period. We used
self-reported data, and "objective" tests of cognitive
performance and aerobic fitness. Cognitive functioning
and aerobic fitness were not measured at follow-up.
Full details of the materials can be found in the study
protocol (30).

Assessed for eligibility (=362)

Excluded (n=266)
Nor meeting inclusion criteria (=132)
Declined to participate (m=34)

Other ressons (r=50)

Randomized (7=96)

| . |
Allocared to imrervention (EI m=49) ' Jmmmmm:mmqﬂn
Received allocsted intervention (w=45)
Did not receive allocated intervention (total: n = 4)
(practical reasons [#=2], umwilling [r=1], unknown
=11

l Follow-Up } ‘
Discontimed intervention (total: #=14; reasons: Lost at T1 {total: n=2; reasons: family
imjury [#=7], severe bumnou: symptoms [r=1], ciroumstances [7=1], mknown fr=1])
illness [+=2], practical reasons [n=1], ukmowm
[=3D

Lost at T1 (total: #=7; reasons: unwilling [#=1],
family circumstances [+=1], uknown [#=5])

Lost st T2 (total: #=>5; reasons: unknown [#=S])

Lost 2t T3 (sotal: 7=1): reasons: wmkmown [#=1]
! | Anayss | !

Analysed st T1: intention-io-treat analyses (n=49), Anslysed st T1: intention-to-treat analyses (m=47);

‘per-protocel malyses (= 31) per-protocol analyses (#=35)

Analysed :t T2: (7=37)

Analysed =t T3: (=36)

Figure 1. Study CONSORT flow diagram.


http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=5034

Primary outcome

Work-related fatigue. Work-related fatigue was measured
with three indicators representing slightly different
aspects of the concept. Emotional exhaustion represents
serious (long-term) fatigue as a consequence of chronic
job stress (3). It was measured with the 5-item Emo-
tional Exhaustion Scale of the Dutch adaptation of the
Maslach Burnout Inventory (34): the Utrecht Burnout
Scale (UBOS; [31]). Example item: "I feel burned out
from my work" (O=never, 6=every day). Cronbach’s a
was 0.80 at TO, 0.91 at T1, 0.94 at T2, and 0.90 at T3.
A mean score >2.2 was considered as high work-related
fatigue (31). Overall fatigue represents general mental
and physical fatigue (32). It was measured with the
10-item Fatigue Assessment Scale, a valid questionnaire
to measure fatigue in the working population (FAS;
[32]). Example item: "I get tired very quickly" (1=never,
S=always). Cronbach’s o was 0.84 at TO, 0.88 at T1,
0.88 at T2, and 0.82 at T3. A sum score >22 signifies
high overall fatigue (32). Need for recovery is meant to
represent short-term work-related fatigue (35). Concep-
tually, it bridges the stage between fatigue that occurs
after one effortful workday and serious long-term work-
related fatigue, such as burnout (35). It was assessed by
the short version of the Need for Recovery Scale, includ-
ing 6 items (35, 36). Example item: "Because of my job,
at the end of the working day I feel rather exhausted"
(1=(almost) never, 4=(almost) always). A mean score
was computed. Cronbach’s o was 0.85 at T0, .89 at T1,
0.87 at T2, and 0.90 at T3.

Secondary outcomes

Sleep. Poor sleep quality was measured with the 6-item
sleep quality scale of the Dutch Questionnaire on the
Experience and Evaluation of Work (36). A higher sum
score indicates poorer sleep quality. Example item: "I
often wake up several times during the night" (0=no,
1=yes). Cronbach’s a was 0.62 at T0, 0.65 at T1, 0.71 at
T2, and 068 at T3. Sleep quantity was assessed by ques-
tioning employees’ average hours and minutes of sleep.

Self-efficacy. General self-efficacy was assessed by the
Dutch version of the 12-item General Self-Efficacy
Scale (37). Example item: "If I made a decision to do
something, [ will do it" (1=strongly disagree, 5=strongly
agree). Cronbach’s o were 0.84 at T0, 0.87 at T1, 0.84
at T2, and 0.84 at T3. Work-related self-efficacy was
measured with the "competence" subscale of the Utrecht
Burnout Scale (31). Example item: "If I make plans, [ am
convinced I will succeed in executing them" (O=never,
6=every day). Cronbach’s a were 0.81 at T0, 0.85 at T1,
0.90 at T2, and 0.89 at T3.
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Work ability. Work ability was measured by means of
a single-item (38, 39): "Can you indicate how you rate
your current work ability when you compare it with your
lifetime best?" (0=completely unable to work, 10=work
ability at its best).

Cognitive functioning. Four indicators were used to
measure participants’ cognitive functioning. Self-
reported cognitive functioning was assessed by the
25-item Dutch version of the Cognitive Failures Ques-
tionnaire (40). Example item: "Do you read something
and find you have not been thinking about it and must
read it again?" (1=never, 5=very often). Cronbach’s
o was 0.90 at TO, and 0.90 at T1. A sum score was
computed, higher scores indicating lower cognitive
functioning. Three types of executive functions (ie,
updating, switching, and inhibition) were measured
by means of cognitive performance tests. Updating
(41) was measured with the 2-back task (42). Dur-
ing the task, 284 letters were presented one by one
on the screen. When the displayed letter was similar
to the letter that was shown two screens before, par-
ticipants had to push a button (ie, correct response).
Performance was measured by the number of correct
responses. Switching was measured with the matching
task (22, 43). The task consisted of 31 task runs, each
consisting of 4-8 trials. In the trials participants had to
match several colored figures to each other according
to shape or color (as indicated by a cue before each task
run). Half of all task runs consisted of switch runs, in
which the type of cue differed from the previous run.
The other half consisted of repetition runs, in which the
type of cue was identical to the previous run. Switch
cost (ie, the difference in reaction time to switch and
repetition runs) was used as an indicator of cogni-
tive performance. Inhibition was measured with the
Sustained-Attention-to-Response Test (SART; [44]).
Digits were presented on a screen and participants had
to push a button as fast as possible, except when the
digit was 3. The number of correct inhibitions (ie, not
pressing the button when 3 appeared) was taken as a
measure for cognitive performance. To obtain a more
thorough insight in cognitive functioning, the subjec-
tive costs (fatigue, motivation, demands and effort)
associated with doing the cognitive performance tests
were evaluated. These subjective costs were measured
using single-item measures, answered on a 10-point
scale from 1 (not at all) to 10 (very much).

Aerobic fitness. VO,,,,, was used as an indicator of aerobic
fitness. It was obtained from the Urho Kaleva Kekkonen
(UKK) walk test, a simple and valid method to measure
aerobic fitness (45). Participants needed to walk 2 km as
fast as possible. Based on heart rate, walking time, body
weight, height, and gender, VO,,,,, was estimated (45).
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Higher VO,,,, indicates a better aerobic fitness level.
Subjective costs of doing the UKK walk test were also
assessed. Items used to this purpose were similar to those
questioned before and after the cognitive performance
tests, except that another item was added about how short
of breath participants were immediately after the test.

Exercise activities. During each week of the intervention
period, EI participants were asked to indicate their com-
pliance to the guided and individual exercise sessions.
At T2 and T3, they were asked whether they engaged
in regular exercise during the last six weeks (type, fre-
quency, duration). WLC participants were also asked to
indicate whether they engaged in regular exercise during
each week of the intervention period (type, duration,
and frequency).

Statistical analysis

Results with respect to pre- and post-comparisons of
primary and secondary outcomes were based on the ITT,
and the per-protocol (PP) principle (46). ITT is a strat-
egy for the analysis of RCT that compares participants
in the conditions to which they are originally randomly
assigned, irrespective of dropout, non-compliance or
anything that happens after randomization (46). Thus, all
participants who are randomized are analyzed. The ITT
strategy has two main purposes: (i) it maintains interven-
tion groups that are similar apart from random variation.
If analyses are not performed on the groups produced
by randomization, the principle of randomization is lost;
(11) it reflects an effect estimate of the intervention that
would have been observed in practice, since dropout
and non-compliance is also common in practice. ITT
therefore reflects an estimate of the effectiveness of
the intervention (ie, the working of the intervention in
practice). The PP strategy excludes participants who
deviated from the protocol (46). Thus, only a selected
part of participants is analyzed, ie, only those who show
high compliance. PP therefore reflects an estimate of the
efficacy of the intervention (ie, the working of the inter-
vention under "ideal circumstances"; [46]). Analyses
were performed with SPSS version 23 (SPSS Institute,
Cary, NC, USA). Reported P-values are two-sided with
a significance-level of 0.05.

Missing data. Although we attempted to keep in contact
with all randomized participants at post intervention
and follow-up — including those who withdrew from
the study — not all participants completed all measures.
Self-reported baseline data were available for all par-
ticipants. At TO, 6 participants (6.3%; EI. N=3, WLC:
N=3) did not complete the cognitive performance tests,
and 8 participants (8.33%; EI: N=4, WLC: N=4) did
not take part in the aerobic fitness test. At T1, for the
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self-reported outcomes, the attrition rate was 9.4% (EI:
N=7, WLC: N=2). At this point in time, 19 participants
(19.8%; EI, N=11, WLC: N=8) did not complete the
cognitive performance tests and 28 (29.3%; EI: N=15,
WLC: N=13) did not participate in the aerobic fit-
ness test. At T2, 12 EI participants (24.5% of the 49
EI participants that were randomized) did not provide
follow-up data. At T3, 13 EI participants (26.5%) did
not provide follow-up data. Participants who did not
provide post-intervention data at T1 were younger than
those who provided follow-up data (mean 31.10 versus
46.22, P<0.01), but did not differ on other demographics
and baseline outcomes. Little’s overall test of random-
ness indicated that pre- and post-data were missing
completely at random. As a consequence, it was justified
to use multiple imputations to estimate missing values
(47). In case of multiple imputations, missing values are
replaced by randomly chosen values that are drawn from
an estimate of the distribution of the corresponding vari-
able (48). We used 20 imputations with 100 iterations.

Participants who did not provide follow-up data at
T2 and T3 did not significantly differ from those who
provided data at these time points, neither on demo-
graphics as on baseline outcomes. However, follow-up
data (T2 versus T3) were not imputed, since Little’s
overall test of randomness indicated that the data
were not missing completely at random. We based our
follow-up analyses on EI participants who completed
all measures.

Intervention efficacy. Due to unforeseen (small) baseline
imbalances (eg, in our primary outcome fatigue, see
results section), we adapted the analytic strategy from
the study protocol (30). Originally, we planned to test the
effects of the exercise intervention by using 2x2 repeated
measures (M)ANOVAs. However, as literature suggests
that univariate analyses of covariance (ANCOVA) better
controls for baseline imbalance (49, 50), and generally
has greater statistical power to detect intervention effects
than other methods such as RM-ANOVA, we preferred
to use ANCOVA in the present study. This means that the
EI and WLC group were compared on all outcomes at
T1, using TO scores as covariates. Partial eta-squared (1?)
was reported as effect size, and values between 0.01-0.06
were considered as small, 0.06-0.14 as medium, and
>(.14 as large (50). For reported Cohen’s d, effect sizes
of 0.2-0.5 were considered as small, 0.5-0.8 as medium
and >0.8 as large (51).

Clinical meaningfulness. To assess the clinical mean-
ingfulness of the EI changes in our primary outcomes
(52), we performed Chi-square tests to see if the num-
ber of participants who scored below cut-off scores of
work-related fatigue (UBOS <2.2; FAS <22) after the
intervention period (T1) differed between the interven-



tion and the control condition. Need for recovery was
not included in this analysis due to the absence of clear
cut-off scores for this scale.

Follow-up effects. To investigate whether intervention-
effects were maintained at follow-up, for each primary
and secondary outcome, a repeated measures ANOVA
was performed to see whether the outcome differed
between pre (TO0), post (T1), 6 (T2), and 12 (T3) weeks
after the intervention period. If the overall time effect of
ANOVA was significant, difference contrasts were com-
puted to exactly determine between what time points the
outcome had changed. As follow-up measures were only
available for the EI group, WLC participants were not
included in these analyses.

Follow-up effects in relation to maintenance of exercise.
To investigate whether follow-up effects differed as a
function of whether EI group participants engaged in
regular exercise during the follow-up period, we per-
formed separate RM-ANOVA for the first (1-6 weeks
after the intervention; T1-T2) and second (6—12 weeks
after the intervention; T2-T3) follow-up period. For
each outcome, engaging in exercise (yes versus no) was
added as between-subjects factor to the model, and time
(T1 versus T2 or T2 versus T3) was added as within-
subjects factor. Significant timexexercise interaction
effects were further examined by paired-sample t-tests.

Results

Sample characteristics

Details of participants’ general, work and health char-
acteristics are presented in table 1. We tested whether
participants’ work characteristics changed throughout
the intervention period, since work-related fatigue is
closely related to work (4). No significant change in
work characteristics was observed. Detailed results can
be obtained from the first author on request. Employees
worked in a variety of occupations, and most were
employed in the education or healthcare sector. The
sample consisted primarily of females (80.2%) and most
had at least a Bachelor’s degree (62.5%). Multivariate
analyses and Chi-square tests revealed that participants
in the two conditions did not significantly differ on
most pre-intervention characteristics, except that the EI
group scored lower on job demands (d=0.49) and more
often reported that they had irregular working hours
(EI: N=17 and WLC: N=9). We checked if these differ-
ences affected our study’s conclusions, but including job
demands and irregular work hours as covariates in the
analyses did not change our results.
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Table 1. Baseline characteristics of participants in exercise
intervention (El) group and wait-list control (WLC) group.
[SD=standard deviation.]

El group (N=49) WLC group (N=47)

General Mean SD N % Mean SD N %

Age 442 11.9 46.29 9.30
Female . . .
Education level 2

Low . .7 143 . .8 170
Moderate . .10 204 . .11 234
High . . 32 653 28 59.6
Household

Single . .8 163 . .7 149
Single, with . .2 A1 . .7 149
child(ren)

Cohabiting/married . .2 41 . .2 43
with partner

Cohabiting/married . . 14 286 . .8 170
with partner and

child(ren) living at

home

Cohabiting/married . . 15 306 . .19 404
with partner and

child(ren) not living

at home

Other . .8 163 . . 4 85
Work

Employment

contract

Permanent . . 36 735 . . 33 702
[indefinite time]

Temporary [with . .4 82 . .5 106
prospect on

permanent]

Temporary . .9 184 . . 6 128
[for fixed term]

Self-employed . .0 0 . . 3 64
Contractual weekly 29.3 9.5 29.4 10.49

working hours

Weekly work days 41 1.0 . .42 12

Weekly working 35 5.1 . .42 49

hours overtime (paid

and unpaid)

Daily commuting 0:42 0:30
hours (hour:minute)

Irregular working . . 15 30.6 . .9 184
hours

Shiftwork

Evening . .12 245 . .9 184
Night . .6 122 . o124
Weekend . .21 429 . 16 34.0
Job demands ® 24 05 . . 2.7 07

Job autonomy © 29 09 . . 30 038

Health behaviour

Weekly alcohol 38 39 . . 26 25

intake

Smoking . .7 143 . . 4 85
Physical activity ¢ 33 24 . .26 22

Body mass index 243 34 . . 247 53

2 Low=no education, primary school or secondary school;
moderate=intermediate vocational education; high=higher education,
such as a university degree.

b 1=low, 4=high [ie, ‘working fast/under high pressure’, measured with
the Dutch version of the Job Content Questionnaire (Houtman, 1995,
Karasek et al, 1998)].

¢ 1=low, 4=high [ie, ‘control over work situation’, measured with the
Dutch version of the Job Content Questionnaire (Houtman, 1995,
Karasek et al, 1998)].

4 Amount of days at which participants engaged in >30 minutes of mod-
erate-intensity physical activity.

39 796 38 80.9

0:56 0:49
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There were also significant baseline differences
between conditions in our outcome measures (see table
2 for means and standard deviations). In general, the
EI group was less fatigued than the WLC group, as
they scored significantly lower on emotional exhaus-
tion (between group Cohen’s d=0.37), overall fatigue
(d=0.52), and need for recovery (d=0.53). EI group
participants also reported significantly higher general
self-efficacy (d=0.40) and aerobic fitness (d=0.54) than
WLC participants. Given the blinded randomization to
the different conditions, these differences are regarded
as chance findings.

Compliance

EI group participants completed on average 11.88 (SD
5.86) of the in total 18 exercise sessions. This number
includes the four participants who did not receive the
exercise intervention and the 14 participants who discon-
tinued the intervention. Participants who discontinued the
intervention completed on average 5.00 (SD 4.12) exer-
cise sessions. Reasons for dropout can be found in figure
1. The 31 participants who completed the intervention did
on average 15.12 (SD 3.46) exercise sessions. Participants
who did not receive or discontinued the intervention were
similar to completers as to demographics and primary and
secondary outcomes at baseline.

In the WLC group, between TO and T1, ten par-
ticipants appeared to exercise > one hour a week
[mean=95.92 (SD 38.53) minutes]. Exercising less
than one hour a week was set as an inclusion criterion
to be eligible to be included in this study. Thus, ten
participants increased their exercise level during the
wait period. They did not differ from those who did not
increase their exercise level as regards demographics
and primary and secondary baseline outcomes.

Intention to treat: pre- and post-comparisons

Work-related fatigue. Mean and SD of the three indica-
tors of work-related fatigue pre- and post-intervention
are presented in table 2. The three indicators were sig-
nificantly inter-related (at TO: emotional exhaustion and
overall fatigue r=0.56; emotional exhaustion and need
for recovery r=0.59; overall fatigue and need for recov-
ery r=0.50). The EI group did not report significantly
lower emotional exhaustion, overall fatigue and need
for recovery at post-intervention than the WLC group.

Clinical meaningfulness. Table 3 presents the number of
participants who improved, recovered, unimproved and
deteriorated (52) after the intervention period (T1) with
respect to emotional exhaustion and overall fatigue.
Chi-square tests revealed that the number of participants
who scored below cut-off scores of fatigue after the
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intervention period (ie, "recovered") was higher among
EI participants for both emotional exhaustion (¥*=5.19,
P=0.03) and overall fatigue (y>4.78, P=0.04) compared
to WLC participants.

General and work-related self-efficacy. As can be seen
in table 2, the EI group did not display higher general
and work-related self-efficacy levels at post-intervention
when compared to the WLC group.

Sleep quality and quantity. The EI group reported sig-
nificantly better sleep quality at post-intervention than
the WLC group (moderate effect, see table 2). No dif-
ferences at post-intervention between groups were found
as regards sleep quantity.

Work ability. At post-intervention, the EI group reported
significantly higher levels of work ability when com-
pared to the WLC group (small effect, see table 2).

Cognitive functioning. Table 4 presents the means and
standard deviations of self-reported and objectively
measured cognitive functioning. The EI group reported
better self-reported cognitive functioning at T1 com-
pared to the WLC group (moderate effect). No differ-
ences at T1 between groups were found for the cognitive
performance tasks (measuring updating, switching, and
inhibition) nor for the subjective costs associated with
doing the cognitive performance tasks.

Aerobic fitness. Table 5 displays the means and standard
deviations of VO,,,,, obtained from the UKK walk test
and the subjective costs associated with performing this
test. At T1, no differences between the EI and WLC
group were found as regards aerobic fitness and related
subjective costs.

Follow-up effects

Most of the participants who filled out follow-up ques-
tionnaires, had completed the intervention (N=30 at T2
and at T3). Seven (T2) and respectively six (T3) had
discontinued the intervention. Results of the repeated
measures ANOVA that were conducted to examine
follow-up effects are displayed in table 2. This table
also presents means and standard deviations of outcome
measures 6 weeks (T2) and 12 weeks (T3) after the end
of the intervention. EI participants showed a decrease in
emotional exhaustion, overall fatigue, need for recovery
and sleep quality from baseline (T0) to post interven-
tion (T1) and to follow-up (both at T2 and T3). From
post-intervention (T1) to 6 weeks after the intervention
(T2), we found small further improvements in emotional
exhaustion and overall fatigue. For none of the primary
or secondary outcomes we found improvements from 6
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Table 2. Means and standard deviations for participants in the EI (N = 49) and WLC (N = 47) group of emotional exhaustion, overall fatigue,
need for recovery, sleep quality, sleep quantity, general self-efficacy, work self-efficacy and work ability pre (T0) and post intervention
(T1), at follow-up 6 weeks (T2) and 12 weeks (T3) after the intervention.

Outcome T0 Intervention effects 2 T2 T3 Follow-up effects b
(theoretical range) Mean SD Mean SD d° F o2 Mean SD Mean SD F Effect d
Emotional exhaustion (0-6)
El 328 087 257 137 -0.62 295 003 217 126 221 114 16.19¢  TOvsT1¢ -0.62
WLC 362 098 326 141 -0.30 TOvsT2¢ -1.03
TivsT2¢ -0.30
TOvs T3¢ -1.06
TivsT3  -0.29
T2vsT3  0.03
Overall fatigue (10-50)
El 2743 436 2462 578 -0.55 3.89 004 2251 528 2297 528 1471d TOvsT1¢ -0.55
WLC 3015 6.05 2863 6.97 -0.23 TOvsT29 -1.02
TivsT2¢ -0.38
TOvs T3¢ -0.92
TivsT3  -0.30
T2vsT3  0.09
Need for Recovery (1-4)
El 2.54  0.61 233 069 -032 221 002 221 064 217 062 536¢ TOvsT1¢ -0.32
WLC 289 0.7 276 094 -0.16 TOvsT2¢ -0.53
TivsT2 -0.18
TOvs T3¢ -0.60
TivsT3  -0.24
T2vsT3  -0.06
General self-efficacy (1-5)
El 3.74 041 378 043 009 211 002 376 064 366 049 042 TOvsTH 0.09
WLC 3.56  0.51 353 059 -0.05 TOvsT2  0.04
TivsT2  -0.04
TOvsT3  -0.18
TivsT3  -0.26
T2vsT3  -0.18
Work self-efficacy (0-6)
El 407 1.01 424 103 017 049 001 391 096 397 1.04 137  TOvsT1 017
WLC 391 093 406 114 0.14 TOvsT2  0.16
TivsT2 -0.33
TOvsT3  -0.10
TivsT3  -0.26
T2vs T3 0.06
Sleep Quality (0-6)
El 3.62 3.06 174 -035 533 006 278 183 289 1.82 396¢ TOvsT1¢ -0.35
WLC 3.61 372 144 0.08 TOvsT2¢ -0.50
TlvsT2  -0.16
TOvs T3¢ -0.43
TivsT3  -0.10
T2vsT3  0.06
Sleep Quantity
El 709 096 705 094 -004 006 0 718 095 7.1 0.88 010 TOvsT1  -0.04
WLC 7.08 091 7.06 093 -0.02 TovsT2  0.09
TivsT2  0.14
TOvs T3  0.02
TivsT3  0.07
T2vsT3  -0.08
Work ability (1-10)
El 773 132 796 158 0.16 4.26e 0.05 803 140 763 1.78 116 TOvsT1 0.16
WLC 7.08 220 690 214 -0.08 TovsT2  0.22
TivsT2  0.05
TOvsT3  -0.06
TivsT3  -0.20
T2vsT3  -0.25
2 Pre- and post-comparisons: ANCOVA with the post-intervention score (T1) as dependent variable and the baseline score (T0) as covariate.
®RM-ANQVAs for the EIl group only.
¢ Within-group Cohen’s d.
4P<0.01.
¢ P<0.05.
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Table 3. Clinical meaningfulness: number and percentages of par-
ticipants who improved, recovered, unimproved or deteriorated with
respect to emotional exhaustion and overall fatigue from T0 to T1.

Improved Recovered 2 Unimproved or

deteriorated

N % N % N %

Exercise intervention
Emotional exhaustion 36  73.5 22 449 13 265
Overall fatigue 32 738 16 476 17 26.2
Wait-list control
Emotional exhaustion 28  59.6 11 234 19 404
Overall fatigue 28 59.6 7 149 19 404

2Emotional exhaustion: <2.2 on Utrecht Burnout Scale; Overall fatigue:
<22 on Fatigue Assessment Scale.

Table 4. Means and standard deviations of indicators of cognitive
functioning pre (T0) and post (T1) intervention.
Outcome T0 T

(theoretical range)
[cognitive task]

Intervention
effects

Mean SD Mean SD db F n?

Self-reported

cognitive

functioning (0-100)

El 40.68 13.12 37.33 11.21 -0.28 5.97' 0.06
WLC 43.72 11.92 43.73 12.93 <.001

Updating [N-back] ¢

El 58.82 19.14 67.42 2120 043 043 <0.01
WLC 57.63 23.57 65.27 20.03 0.32

Inhibition [SART] ¢

El 31.39 831 3356 10.87 022 1.03 0.01
WLC 3360 8.82 33.09 10.29 -0.05

Switching

[Matching task] ¢

El 144.83 165.89 97.74 154.08 -0.29 0.54 0.01
WLC 90.76 139.66 87.99 1563.65 -0.02

Subjective costs

(1-10)

Fatigue (before)

El 590 1.75 525 262 -0.29 1.06 0.01
WLC 544 218 562 228 0.08

Fatigue (after)

El 6.67 186 6.06 252 -0.13 0.34 <0.01
WLC 770 112 621 237 -0.80

AFatigue ©

El 076 1.83 082 205 003 0.57 0.01
WLC 107 185 059 221 -0.24

Motivation

El 870 139 876 119 005 228 0.02
WLC 9.09 1.02 854 127 -0.48

Demands

El 744 126 673 1.77 -046 348 0.04
WLC 770 112 744 174 -018

Effort

El 878 1.10 887 1.19 0.08 1.06 0.01
WLC 882 1.08 869 125 -0.11

2 Pre- and post-comparisons: ANCOVA with the post-intervention score
(T1) as dependent variable and the baseline score (T0) as covariate.

® Within-group Cohen’s d.

¢ Number of correct responses.

d Switch cost in milliseconds.

¢ Difference in fatigue before and after the cognitive test battery

P<0.05.
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weeks after the intervention (T2) to 12 weeks after the
intervention (T3).

Follow-up effects in relation to maintenance of exercise

At T2, 23 participants indicated that they had engaged
in regular exercise since they finished the intervention
[mean 133.48 (SD 104.69) minutes a week]. No differ-
ences in the development of outcomes from T1 and T2
were found between those who continued exercising and
those who did not continue exercising in this period (ie,
no significant timexexercise interactions; F’s ranging
from 0.07-4.06, all P>005).

At T3, 21 participants reported that they had engaged
in regular exercise since 6 weeks after the end of the
intervention [mean 178.00 (SD 165.13) a week]. A
significant timexexercise interaction for need for recov-
ery was found (F,3,.10.27, P<0.01, n?>=0.24). T-tests
revealed that participants who continued exercising in
this period showed a (marginally significant) decrease
in need for recovery from T2 to T3 (d=-0.39, t=2.02,
P=0.06), while those who stopped exercising showed an
increase in need for recovery (d=0.54, t=-2.75, P=0.02).
Other outcomes were not related to the amount of exer-
cise participants engaged in the period between T2 and
T3 (ie, no significant timexexercise interactions); F’s
ranging from 0.08-3.11, all P>0.05)

Per protocol analysis

In PP analyses, we only analyzed participants who com-
plied with the protocol. We considered EI participants to
have complied with the protocol if they completed the
intervention and WLC participants if they exercised <1
hour during the wait period. Results of PP analyses are
only presented when different from ITT analyses (all
results can be obtained from the first author).

The EI (N=31) and WLC (N=35) groups were
compared on T1 outcomes by means of ANCOVA with
respective TO scores as covariates. The ANCOVA analy-
sis revealed that the EI group scored significantly lower
at T1 on emotional exhaustion [mean 2.44 (SD 1.25);
F,6=4.42, P=0.04, n?=0.06] and on overall fatigue
[mean 24.03 (SD 5.63); F, =4.42, P=0.04, n*=0.06]
when compared to the WLC group [mean 3.24 (SD
1.31); mean 29.14 (SD 7.10), respectively].

Similar significant results, but (slightly) higher effect
sizes were observed for PP analyses when compared to
ITT analyses as regards sleep quality (F, ;;=5.54, P=0.02,
1*=0.08), work ability (F, ;,=4.58, P=0.04, n>=0.07) and
self-reported cognitive functioning (F, ;,=10.50, P<0.01,
n?=0.14). Furthermore, in contrast to ITT analyses, PP
analyses showed that part of subjective costs of both
cognitive performance tests as well as aerobic fitness
test were lower for EI participants as compared to WLC



Table 5. Means and standard deviations of aerobic fitness pre (T0)
and post (T1) intervention. [SD=standard deviation.]

Outcome (theoretical TO T Intervention effects @

range)

Mean SD Mean SD d°® F n?
Aerobic fitness (VOypay)

El 30.89 6.02 32.18 7.10 0.20 1.32 0.01
WLC 2765 6.01 29.72 7.07 0.32

Subjective costs (1-10)

Fatigue (before)

El 565 1.90 5.00 262 -0.28 215 0.02
WLC 6.21 211 583 231 -0.17

Fatigue (after)

El 495 185 423 3.04 -029 273 0.03
WLC 528 1.86 511 250 -0.08

AFatigue ¢

El -0.70 2.35 -1.02 3.06 0.12 1.54 0.02
WLC -0.94 2.02 -050 290 0.18

Motivation

El 9.00 0.96 892 1.05 -0.08 1.21 0.01
WLC 8.61 1.26 857 120 -0.03

Demands

El 488 229 400 259 -0.36 4.51 0.05
WLC 473 225 499 253 0.1

Short of breath

El 374 223 331 237 -0.19 150 0.02
WLC 412 224 389 256 -0.10

Effort

El 916 0.79 9.03 123 -0.13 0.92 0.01
WLC 876 1.01 893 1.12 0.16

a Difference in fatigue before and after the aerobic fitness test.

b Pre- and post-comparisons: ANCOVA with the post-intervention score
(T1) as dependent variable and the baseline score (T0) as covariate.

¢ Within-group Cohen’s d.

participants. That is, at T1 the EI group was less fatigued
before doing the cognitive performance tests [mean 4.75
(SD 1.92); F, 5,=7.05, P=0.01, n>=0.11] when compared
to the WLC group [mean 6.00 (SD 1.84)]. Additionally,
the EI group participants reported lower fatigue before
[mean 4.79 (SD 1.95); F, 5,=7.56, P=0.01, n?>=0.12] and
after [mean 3.59 (SD 1.92); F, ,=6.45, P=0.01, n?=0.11]
the aerobic fitness test, and considered the test as less
demanding [mean 4.00 (SD 1.79); F,5,=5.34, P=0.03,
1?=0.09] compared to WLC participants [mean 6.21
(SD 1.91); mean 5.32 (SD 1.91); mean 5.25 (SD 2.08)
respectively].

Discussion

In order to better understand the causal association
between exercise and work-related fatigue, the present
study evaluated the efficacy of an exercise intervention
on (i) work-related fatigue (primary outcome) and (ii)
self-efficacy, sleep, work ability, cognitive functioning
and aerobic fitness (secondary outcomes).

As to our primary outcome, ITT analyses revealed
no effects of EI on the three indicators of work-related
fatigue as compared to WLC. We did find that the num-
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ber of EI participants who "recovered" with respect to
emotional exhaustion and overall fatigue was higher
when compared to WLC participants, but this result
should be interpreted with caution since EI participants
were less fatigued at baseline and, as a consequence, less
improvement was needed to recover. A closer exami-
nation of the EI and WLC groups reveals that some
participants in the EI group did not start exercising or
gave up exercising before T1, whereas some of the WLC
group members did not wait but increased their exercise
level between TO and T1. The latter behavior may reflect
their motivation to exercise, ie, reflect the reason why
they were willing to take part in this study. PP analy-
ses between "pure" groups of "completers" and "true
controls" showed that EI participants displayed lower
emotional exhaustion and overall fatigue compared to
WLC at post-intervention. Together, this means that (i)
exercise is effective to reduce emotional exhaustion and
overall fatigue, and (ii) sufficient exposure to exercise
(compliance) is needed in order to observe beneficial
effects. These results are in accordance with previous
intervention studies that concentrated on participants
who completed the exercise intervention (15-19). Fur-
ther small improvements in emotional exhaustion and
overall fatigue were found 6 weeks after the end of the
intervention, and these were maintained at 12 weeks.
Similar to ITT analysis, PP analysis revealed no sig-
nificant post-intervention between-group difference in
need for recovery, but follow-up results indicated that EI
participants showed a moderate improvement in need for
recovery from baseline to 6 weeks and 12 weeks after
the intervention, and for those who engaged in regular
exercise a further improvement between 6 and 12 weeks
after the intervention.

Significant effects were also found for a number of
secondary outcomes. Similar to previous intervention
studies (28), a moderate effect of EI on sleep quality
was found in both ITT and PP analyses. Effects on
sleep quality were maintained at follow-up. The small
improvement in work ability in the EI group compared
to the WLC group both in ITT and PP analyses, is in
accordance with previous suggestions that exercise
increases employees’ physical and psychological capa-
bilities to cope with work demands effectively (25, 53).
EI participants also reported better cognitive functioning
compared to WLC participants at T1, indicating less
problems with attentiveness and memory in everyday
life (54). PP analyses revealed larger effect sizes in sleep
quality, work ability and self-reported cognitive func-
tioning than ITT analyses. This implies that the received
dose of the intervention also impacted the intervention’s
efficacy with respect to these outcomes.

Contrary to expectations, no improvement was found
in some other secondary outcomes. We found no effects
of EI on general and work-related self-efficacy. It is
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possible that exercise is particularly related to mastery
feelings relating to the exercise domain (ie, exercise
self-efficacy; [55]) and that these feelings are not (yet)
transferred to other life domains. Also, no difference
between groups with regard to sleep quantity was found.
It is possible that a stronger dose of exercise would have
resulted in improvements of sleep quantity (28). We also
did not find a between-group difference at post-inter-
vention in objective cognitive performance and aerobic
fitness (Vo,,,,,)- However, PP analysis revealed that EI
participants considered the aerobic fitness test as less
demanding than WLC participants at post-intervention,
which might suggest positive changes in capacity. It is
plausible that low intensity exercise needs to be main-
tained longer than six weeks to observe improvements
in VO, (56).

Limitations

Six critical issues of this study deserve further attention.
First, despite a state of the art concealed allocation to
groups, baseline imbalances with respect to work char-
acteristics and outcome measures occurred. Baseline
imbalances may result in chance bias. This means that
differences in group outcomes could accidentally be
due to participants' characteristics, not the intervention
(57). Baseline differences in indicators of fatigue were,
however, not large but small-to-moderate (Cohen’s d’s
between 0.37-0.54), and differences in job demands and
irregular working hours were not substantially related
to our primary outcomes (r ranging from -0.02—0.25;
[57]). Furthermore, by analyzing our data by means of
ANCOVA, we used the preferred method to control for
baseline imbalances (49, 50). It is therefore not plausible
that this issue seriously impacted our findings.

The second issue is the non-blinded waitlist design.
This was considered to be the best option, given our aim
to compare exercise to the natural course of work-related
fatigue in absence of a gold standard intervention to
reduce it. WLC participants may not truly be untreated,
since they are contacted, consented, randomized and
measured (58). Such research participation effects may
possibly contribute to a change in behavior and out-
comes between TO and T1, as evidenced by the increased
exercise activity among WLC participants between
TO and T1. The waitlist design also implied that WLC
participants were offered the intervention following
T1, and hence no comparison between groups could be
made at follow-up. This limits strong conclusions about
follow-up effects. Furthermore, as result of this design,
we cannot assess the extent to which non-specific inter-
vention factors (ie, factors other than exercise itself)
contribute to the reported beneficial effects. Peer sup-
port in the group exercise sessions might have acted as
a non-specific intervention factor. Future studies may
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compare individual and group exercise interventions to
shed more light on this matter. They may also investigate
the amount of social (peer) interaction before, during
and directly after each exercise session between par-
ticipants. Attention of the trainers/researchers might be
regarded as another potential non-specific factor. WLC
participants received less attention than EI participants.
From our data it was not possible to assess the potential
contribution of this ingredient to the reported beneficial
effects. Future research may design the control group in
a way to control for the factor attention (59, 60).

Third, the feasibility of our intervention requires
attention. Of 180 eligible employees, 34 (18.9%) were
not able or willing to participate in the exercise inter-
vention (see figure 1). Another 50 employees (27.8%)
were willing to engage in the intervention, but declined
to participate because of lack of time to attend the two
group-based supervised sessions, for instance due to
family obligations. This is unfortunate, as it indicates
that fatigued employees may well be motivated for
participation in an exercise intervention, but at the same
time practical considerations limit them to do so. Addi-
tionally, 14 (28.6%) of EI participants dropped out dur-
ing the intervention, often because of injuries (N=7, see
figure 1). We tried to minimize injury risk by applying
a graded running protocol, in which low-intensity run-
ning was built up slowly and walking periods gradually
decreased. As among intervention-completers compli-
ance was high (ie, 83.9%), which suggests that the
intervention was appreciated, future studies might try to
further tailor the intervention to participants’ practical
possibilities. Future studies might also consider other
exercise types. For example, in case of a running injury
alternative, less demanding exercise activities (e.g.
cycling) could be prescribed.

Fourth, given that we only included employees
who at the study start exercised <1 hour a week, our
sample consisted of (relatively) inactive employees. This
implies that our study findings cannot be simply general-
ized to other fatigued employees who already exercise
on a more regular basis. Further work is required to
establish how exercise can benefit this population, for
instance by further investigating the optimal exercise
dose to reduce work-related fatigue.

Fifth, this study might have benefitted from other
approaches to measure exercise and sleep, such as
diaries or ambulatory devices (see also 61, 62). Future
studies may include such measures to assess exercise
and sleep more thoroughly.

Sixth, the interpretation of our study’s results might
have been improved by conducting a process evaluation
of the intervention (63). We mainly concentrated on
effect-evaluation of the intervention, ie, a comparison
of pre- and post-intervention outcomes. However, also
process factors may explain intervention results (63, 64),



as is indeed acknowledged in the current intervention’s
study protocol (30). For instance, processes such as the
quality of the intervention provider and participants’
mental models, may have affected the results of the
intervention. Future exercise trials may include relevant
process factors in their evaluation of the intervention
in order to better understand its outcomes. Practical
frameworks may help to guide these future process
evaluations (eg, 65, 66).

Theoretical and practical contributions

This study contributes to the scientific evidence on the
effect of exercise on work-related fatigue in a theoretical
and practical sense. As regards the former, based on psy-
chological [eg, detachment (7-9) and physiological (eg,
faster stress recovery (10)] mechanisms, we expected that
exercise would reduce work-related fatigue. By adopting
a randomized controlled trial design, causal inferences
could be reached at. We found that exercise indeed works
to reduce work-related fatigue and enhance broader
indicators of employee well-being (sleep quality, work
ability and cognitive functioning). Given that mecha-
nisms underlying the relationship between exercise and
work-related fatigue are hardly empirically studied, future
research into these mechanisms would help to enhance
further theory development. Because sufficient compli-
ance played a role in whether beneficial effects of exercise
were found, this study provides an example for future
effectiveness trials in which the (implementation of) the
exercise intervention can be further investigated (67).

As regards practical contributions, this study showed
that exercise can serve as a relatively simple and inex-
pensive secondary prevention strategy to improve well-
being among employees with high levels of work-related
fatigue, especially if compliance is high. As such, it not
only provides a practical tool for employees wanting to
reduce their levels of fatigue, but may also help employ-
ers, health practitioners and policy-makers when aim-
ing to implement evidence-based guidelines to reduce
fatigue among employees.
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