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ABSTRACT

Work-related fatigue among employees is related to negative consequences. Therefore, it is valuable to
evaluate interventions that potentially reduce fatigue and increase health and well-being among these
employees. The present study investigated whether variations in the receipt of an exercise intervention
for fatigued employees were related to intervention effectiveness. We investigated (a) whether exposure
to the exercise intervention was related to differences in employees’ health and well-being trajectories
throughout the intervention, (b) the amount of exposure that is minimally required before health and
well-being effects become visible, and (c) whether exercise experiences (pleasure, psychological detach-
ment, and effort) were related to differences in health and well-being trajectories throughout the
intervention. Fatigued employees were randomly allocated to a 6-week exercise intervention (n = 49)
or a wait list (n = 47). Participants were measured before, 5 times during, and at the end of the
intervention concerning health and well-being indicators (all participants) and exercise experiences
(only exercisers). Latent growth curve modelling showed that sufficient exposure and optimal exercise
experiences contribute to the success of an exercise intervention for fatigued employees. Furthermore, it
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was shown that health and well-being effects of exercise are visible early in time.

Introduction

Prolonged job stress may result in a serious and persistent form
of fatigue among employees, which is also referred to as “work-
related fatigue” (De Vries, 2017). It can be described as feelings
of being worn out, depleted, and debilitated by one’s work
(Leiter & Maslach, 2016). Work-related fatigue is seen as the
most important proxy of burnout, but is not sufficient to fully
capture the burnout phenomenon, as burnout also consists of
feelings of cynicism and a sense of professional inefficacy
(Leiter & Maslach, 2016). Work-related fatigue among employ-
ees can be best understood as a process, ranging from acute
fatigue that for instance, occurs after a work day and disappears
after a relatively short rest period (i.e., a day), to a more serious
and persistent form of fatigue that occurs after a long period of
work stress and only disappears after a longer rest period. The
“end-stage” of the process is often labelled “exhaustion” or
“burnout” (Brenninkmeijer & Van Yperen, 2003; De Vries,
2017), which refers to extreme fatigue levels (Kristensen et al.,
2005) that are present for a long term (Oosterholt et al.,, 2016).
In the current study, we will use the terms “work-related fati-
gue” and “fatigue”. Doing so, we point to a serious and persis-
tent form of fatigue caused by work, which thus may be
considered a mild burnout symptom (De Vries, 2017).
Work-related fatigue is often accompanied by other symp-
toms, such as cognitive problems, emotional dysregulation,
sleep problems, low mood and psychosomatic symptoms
(Bianchi et al., 2015; Desart et al, 2017; Maslach & Leiter,
2016; Oosterholt et al., 2016), and even more serious negative

consequences, such as an increased risk of cardiovascular and
mental disorders (Toppinen-Tanner et al., 2009). These findings
illustrate that work-related fatigue is associated with substan-
tial losses in employees’ health and well-being. Within organi-
zations, work-related fatigue is related to negative
consequences such as reduced productivity, and absenteeism
(Toppinen-Tanner et al., 2005). Taking into account the nega-
tive consequences of work-related fatigue on both employees
and employers, it is valuable to develop interventions that
potentially reduce this fatigue, and increase health and well-
being among fatigue employees.

Exercise, which refers to a subset of physical activity that is
planned, structured, and repetitive and has a final or an inter-
mediate objective to improve or maintain physical fitness
(Caspersen et al., 1985), has gained attention as a promising
intervention to reduce fatigue (De Vries et al., 2017). The rela-
tively few intervention studies that have so far been conducted
mostly show that exercise works to reduce the main compo-
nent of burnout, fatigue (Brenninkmeijer & Van Yperen, 2003;
Naczenski et al., 2017; Ochentel et al, 2018; De Vries et al.,
2017). These previous studies generally emphasized the effect
evaluation of their exercise interventions, and hence focused
on the comparison of pre- and post-intervention fatigue levels,
or other burnout symptoms. Although these “traditional” effect
evaluations provide insight in the extent to which exercise
interventions reduce work-related fatigue, they do not shed
light on the processes that take place during the intervention
that may affect an intervention’s success or failure. In other
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words, effect evaluation is informative in answering the ques-
tion “if” the exercise intervention works, but does not provide
insight into questions such as ‘'when, how and why’ the exercise
intervention reduces work-related fatigue.

Therefore, it is recommended that an effect evaluation of
an intervention (addressing the “if") study is supplemented
by a process evaluation (addressing the “when, how and
why”) of the same study (Kompier & Aust, 2016; Moore
et al., 2015). The “why” refers to moderators of the inter-
vention. That is, factors that hindered or stimulated favour-
able intervention outcomes (MacKinnon, 2011; Steckler &
Linnan, 2002). These factors may include varying or stable
characteristics of individuals or circumstances that have
resulted in differential intervention outcomes (Kompier &
Aust, 2016; MacKinnon, 2011; Moore et al, 2015). The
“how” corresponds to mediators of an intervention. That is,
ingredients of the intervention that predict intervention
outcomes (MacKinnon, 2011; Moore et al, 2015). The
“when” corresponds to the point in time at which interven-
tion outcomes become visible (Voils et al., 2014). On a more
general note, process evaluation is important for distin-
guishing between interventions that are not correctly
designed (i.e., “theory failure”) and those that are not cor-
rectly delivered (“implementation failure”; Kristensen, 2005;
Nelson & Mathiowetz, 2004). If a well-implemented inter-
vention is found to be ineffective, most probably, the theory
underlying the intervention is not correct and needs to be
revised (Kristensen, 2005). However, a truly effective inter-
vention could be found to be ineffective because it was
poorly implemented. This latter scenario can mislead
researchers and practitioners into assuming that an inter-
vention is ineffective when in reality the intervention may
work very well if it was well implemented. After all, “it is not
evidence-based programs that are effective, but it is well-
implemented evidence-based programs that are effective”
(Durlak, 2015, p. 1124). As such, a process evaluation may
help to refine theories behind the intervention, to (re)design
interventions and to successfully implement future exercise
interventions (Durlak, 2015; Moore et al., 2015; Saunders
et al., 2005; Steckler & Linnan, 2002).

To our knowledge, process evaluation of exercise inter-
ventions aimed at decreasing work-related fatigue has, as
yet, received hardly any attention in the scholarly literature.
An exception is a recent process evaluation of an exercise
intervention designed to reduce fatigue and increase well-
being among students (De Vries et al., 2018), which showed
that effects of exercise on fatigue and well-being became
visible after 2 to 4 intervention weeks, and (partly)
depended on the exercise dose that was received and the
extent of psychological detachment that students experi-
enced during the exercise sessions. However, to our knowl-
edge, so far, no published studies report a process
evaluation of an exercise intervention aimed at reducing
fatigue, and increasing health and well-being among fati-
gued employees. The purpose of the present study, there-
fore, is to fill this gap in the literature by conducting
a process evaluation of an exercise intervention for fatigued
employees. Specifically, in the present study, we focused
on 1) the “why” part of the intervention process, by

examining the “receipt” of the intervention (i.e., the extent
to which participants actively engage with, interact with, are
receptive to and are satisfied with the intervention; Nielsen
et al.,, 2007; Saunders et al., 2005) and, p. 2) the “when” part
of the intervention process, by examining at what point in
time the intervention starts to work. We aimed to disen-
tangle how 1) participants’ exposure to the intervention
and 2) participants’ experience of pleasure, psychological
detachment and effort during the exercise intervention
relate to their fatigue levels and their health and well-
being during the course of the intervention. We used
a quantitative approach for our process evaluation. So far,
two quantitative approaches of process evaluations have
been used: 1) process factors that are presented by means
of descriptive statistics or 2) process factors that are ques-
tioned in a follow-up questionnaire, and are later integrated
in statistical analyses of intervention implementation and
effect (Steckler & Linnan, 2002). Regarding the first, process
factors and outcomes cannot adequately be linked to each
other, since the link between process factors and outcomes
cannot be quantified. Regarding the latter, process factors
during the intervention may not be adequately recalled, and
the development of outcomes and processes during the
intervention remained largely unknown. Therefore, to over-
come these limitations, we used a different approach. That
is, employees who participated in the intervention reported
on process factors, fatigue, and six health and well-being
indicators before, each week during, and immediately after
either a six-week period of regular exercise (i.e., exercise
condition) or being on the wait-list (i.e., control condition).
Our weekly measure of fatigue reflects the primary outcome
that we addressed in a previous effect evaluation of this
exercise intervention (see De Vries et al.,, 2017), but is more
sensitive for weekly fluctuations than measures in the pre-
vious effect evaluation. The other weekly six health and
well-being indicators reflect secondary outcomes addressed
in a previous effect evaluation (“sleep quality and quantity”,
“self-efficacy”; see De Vries et al., 2017) and other aspects of
health and well-being relevant for fatigued employees (i.e.,
“health”, “positive affect” and “stress”), which could fluctuate
from week to week and could be positively impacted by
regular exercise (De Vries et al, 2015, 2017). The weekly
measurements of fatigue, health and well-being enabled us
to portray the development of fatigue, health and well-
being before, during, and after the intervention period,
and to investigate whether differential fatigue, health and
well-being trajectories could be explained by process indi-
cators (Biron & Karanika-Murray, 2020; Moore et al.,, 2015). In
the next paragraphs, the specific hypotheses and research
questions of the present study are presented. We formu-
lated hypotheses if we could build on theory and/or pre-
vious empirical work, and (exploratory) research questions if
we could not.

Exposure

Exposure points to the extent to which participants actively
engage in intervention activities (Steckler & Linnan, 2002).
Synonyms for exposure are “dose received”, “compliance” or



the “uptake” of an intervention (Moore et al, 2015;
Saunders et al., 2005). When an intervention is delivered, it
is important that all participants are sufficiently exposed to
the (proposed) working mechanisms of the intervention. If
participants are sufficiently exposed to the intervention and
the intervention is found to be effective, this effectiveness is
likely to be the result of the theoretical model upon which
the intervention is based. On the contrary, if participants are
insufficiently exposed to the intervention and the interven-
tion is found to be ineffective, it is unknown whether this
ineffectiveness is the result of the incorrectness of the
underlying theoretical model, or is instead caused by lack
of exposure to the intervention (Kristensen, 2005). In the
latter case, the underlying theoretical model may still be
correct, but participants are simply insufficiently exposed to
the proposed working mechanisms to elicit favourable
changes. Taking into account intervention exposure is thus
a prerequisite for the correct interpretation of intervention
outcomes (Kristensen, 2005; Steckler & Linnan, 2002).

Although the exact working mechanisms underlying the
potential of exercise to reduce work-related fatigue and to
increase health and well-being are not fully clear, many plau-
sible biological and psychological working mechanisms have
been put forward, such as a better functioning stress and
endocrine system, provision of social support during exercise,
mastery feelings that spill-over to the workplace, and reduced
rumination (see the study protocol: De Vries et al., 2015; and
see, e.g., De Vries et al., 2017; Kandola et al., 2019; Wiese et al.,
2018). Given that a sound theoretical model underlies the
relationship between exercise on the one hand and fatigue,
health and well-being on the other hand, and that more expo-
sure to these working mechanisms may result in more favour-
able outcomes, we expect:

Hypothesis 1. During the course of the intervention period,
participants with higher exposure to the exercise intervention
show larger improvements in weekly health and well-being
compared to participants with lower exposure.

Minimal exposure

Within available exercise intervention studies that are aimed to
reduce burnout, a broad range of exercise doses has been
applied (Dreher et al, 2018; Naczenski et al, 2017), and
programmes with a duration of 4 to 18 weeks with exercise
sessions ranging from one to three times a week have been
shown to be effective (Naczenski et al., 2017). However, so far, it
has rarely been examined which amount of exposure to exer-
cise is minimally required for the interventions’ beneficial
effects on burnout symptoms to become visible (Naczenski
et al.,, 2017). An exception is a study among university students
experiencing study-related fatigue (De Vries et al., 2018). In this
study — encompassing three exercise sessions weekly -, it was
shown that the effect of exercise on health and well-being
became visible in the third intervention week. Studying the
minimum exposure (i.e., “dose”) to exercise is relevant for
employees, researchers and practitioners who take part in,
design and implement exercise interventions for burnout. As
this information remains yet to be explored for employees, we
formulated the following research question:
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Research Question 1: What is the minimal exposure to the
exercise intervention to observe beneficial health and well-
being effects?

Exercise experiences

Research shows that participant appraisals may impact
intervention outcomes (Nielsen et al.,, 2007), as these per-
ceptions may explain participants’ reactions and behaviours
during the intervention period and hence affect the effec-
tiveness of an intervention. Indeed, it has been shown that
the subjective experience of a(n) (leisure) activity, such as
exercise, is related to health and well-being outcomes
(Oerlemans et al., 2014). Therefore, we examined how
three exercise experiences—pleasure, psychological detach-
ment, and effort—during the exercise sessions were related
to intervention effectiveness.

Pleasure

Pleasure can be considered a positive emotion (Berger, 1996;
Raedeke, 2007; Wankel, 1993) that is described as “a state or
feeling of happiness or satisfaction resulting from an experi-
ence that one enjoys” (Esch & Stefano, 2004; Longman diction-
ary of contempory English, 1987). Exercise pleasure specifically
points to positive feelings during exercising. It has been sug-
gested that pleasure during exercising may help to maximize
the psychological benefits of exercise (Berger & Motl, 2000;
Wankel, 1993). This idea is in line with the Broaden-and-Build
theory (Frederickson, 2001). This theory argues that positive
emotions may broaden people’s scope of attention and cogni-
tion, undo negative emotional arousal, and result in
a broadened action repertoire (Frederickson, 2001). This broa-
dened action repertoire enhances people’s ability to interact
with their environment. For employees, this enhanced interac-
tion ability may enable them to increase their resources or to
regain resources that were lost due to dealing with stressful
work situations (Gross et al., 2011). For instance, if employees
experience positive emotions during exercising after work,
these emotions may undo negative states, such as work-
related stress, and result in employees being more open to or
having more energy to interact with others during leisure time.
This increased interaction with others may eventually lead to
lasting social resources that are important for well-being
enhancement. In this way, positive emotions may initiate
upward spirals towards enhanced health and well-being.
Research shows that there is inter-individual variation in the
experience of positive emotions during exercising (see Bourke
et al, 2020 for an overview of factors that may explain this
variation). This means that the pleasure people experience
during an exercise session may differ between people.
Experiencing pleasure during exercising seems important to
obtain most beneficial health and well-being effects (Abrantes
etal., 2017; Oerlemans et al., 2014; Raedeke, 2007). For instance,
Oerlemans et al. (2014) found that exercise was related to
better recovery states before going to bed when happiness
during exercise was high, but not when happiness was low.
Given that pleasure may trigger upward health and well-being
spirals, and that the scarcely available research provides sup-
port for this notion, we expect that:
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Hypothesis 2. The level of pleasure participants experience dur-
ing their weekly exercise sessions is positively related to the
improvement in health and well-being they show during the
course of the intervention

Psychological detachment

Psychological detachment refers to a state in which an employee
distances oneself from job-related thoughts during non-work time
(Sonnentag & Bayer, 2005), implying that an employee is preoc-
cupied with work neither in a physical nor in a mental way
(Wendsche & Lohman-Haislah, 2017). Psychological detachment
is an important experience for health and well-being preservation
and enhancement (Wendsche & Lohman-Haislah, 2017). The
Effort-Recovery Model (ER-Model; Meijman & Mulder, 1998) and
the perseverative cognition hypothesis (Brosschot et al., 2006) are
helpful in explaining this relation. According to the ER-Model,
work elicits (short-term) physiological (e.g., cortisol) and psycho-
logical load reactions (e.g., fatigue) within employees. During non-
work time, these short-time load reactions need to be reduced
(i.e., recovery) in order to prevent that they accumulate over time
and eventually result in decreased health and well-being, such as
burnout (Geurts & Sonnentag, 2006). Perseverative cognition, as
manifested by worry and rumination about work, may interfere
with recovery and prolong these load reactions, because it causes
the stress system to remain activated (Brosschot et al.,, 2006).
Research indeed shows that work-related rumination is
a predictor of work-related fatigue over time (Firoozabadi et al.,
2018). On the other hand, not thinking about work during non-
work time, i.e., psychological detachment, reduces load reactions
(e.g., fatigue, see Bennet et al.,, 2017). Furthermore, psychological
detachment not only reduces load reactions but also increases
positive mental states, such as optimism, that may further
improve well-being (Sonnentag & Fritz, 2015).

Exercise itself may foster psychological detachment
(Feuerhahn et al., 2014), since during exercise attention could
be drawn to bodily processes rather than worrying thoughts
(“distraction hypothesis”; Morgan, 1985). Nonetheless, it has
also been previously shown that people might differ in the
extent to which they experience psychological detachment
on days when they exercise (Cho & Park, 2018) or specifically
during exercising (De Vries et al., 2018). Detachment may thus
vary across and within individuals and moderate the effect of
exercise on health and well-being. Indeed, it has been shown
that higher detachment during exercise was positively related
to well-being over time, while lower detachment was related to
stable or unfavourable well-being over time (De Vries et al.,
2018). Furthermore, Cho and Park (2018) showed that time
spent on weekend exercise was related to increased well-
being at the beginning of the work week if employees were
able to detach from work during the weekend, but decreased
well-being if employees were not able to so. As psychological
detachment may vary across individuals, seems crucial to
decrease load reactions from work, and may open the way to
enhanced health and well-being over time, our hypothesis is:

Hypothesis 3. The level of psychological detachment partici-
pants experience during their weekly exercise sessions is posi-
tively related to the improvement of health and well-being they
show during the course of the intervention.

Effort
The experience of effort can be described as a feeling of
energy exertion that is accompanied by a sensation of strain
and labour (Preston & Wegner, 2009). It is a feeling that
intensifies the harder a person tries (Preston & Wegner,
2009). It has been argued that effort is both costly and
valued (Inzlicht et al, 2018). On the one hand, research
points to a curvilinear relationship between effort during
exercise and health and well-being effects. That is, research
shows that low to moderate effort during exercise is asso-
ciated with acute positive effects on well-being, while high
effort is associated with acute negative effects on well-
being, such as higher stress and fatigue (Ekkekakis et al.,
2011). High effort may thus be considered costly, and peo-
ple therefore do not like it and want to avoid it (Inzlicht
et al., 2018). Similarly, on the longer term, effortful activities
without sufficient recovery (i.e., periods of low effort) have
been proposed to lead to poor health and well-being out-
comes (Meijman & Mulder, 1998). On the other hand, it has
been shown that experience of effort is associated with
rewarding feelings, and thus may be valued (Inzlicht et al.,
2018). This means that an effortful activity is chosen
because it demands a great deal of effort (e.g., the activity
is seen as challenging; see Loewenstein, 1999) and that
people gain greater well-being effects following an activity
they have worked for compared to an activity that required
no or less effort (Inzlicht et al., 2018; Lyubomirsky et al.,
2011). Exercise is, by definition, an effortful activity.
However, people may differ in the extent to which they
perceive exercise to be effortful. This is not only the con-
sequence of the actual physical effort that is invested but
also related to a cognitive evaluation of the invested effort
(Abbiss et al., 2015). Given that the experience of effort has
been found to relate both positively and negatively to
health and well-being, we examined the role of effort dur-
ing exercise in relation to health and well-being trajectories
in an explorative way.

Research Question 2: Is the experience of effort during exer-
cise related to health and well-being trajectories during the
course of the intervention?

Materials and methods
Design

This study was designed as a two-arm parallel randomized con-
trolled superiority trial in which an exercise intervention was
compared against a wait list. The study was approved by
Radboud University’s Ethical Commission of Social Sciences (regis-
tration number: ECSW2015-1901-278). Before data collection, the
study protocol of this study was registered at The Netherlands
Trial Register (NTR5034) and published (De Vries et al., 2015).
Results of the effect evaluation of this study, based on the same
sample as used in the current study, can be found elsewhere (De
Vries et al., 2017). Given that the effect evaluation and the process
evaluation address different research questions and incorporate
different sets of variables, we decided to present the interven-
tion’s results in two separate papers. Details relevant to the pro-
cess evaluation are given below.



Participants and procedure

Participants were employees with work-related fatigue who
were still working. Inclusion was based on the key symptom
of burnout, i.e., fatigue/exhaustion. Inclusion criteria were
based on validated cut-off scores on two questionnaires that
reliably and validly measure burnout and fatigue in the working
population (De Vries et al., 2003): a score of >2.2 (theoretical
range: 0-6) on the exhaustion scale of the Dutch version of the
Maslach Burnout Inventory (Schaufeli & Van Dierendonck,
2000) and a score of =22 (10-50) on the Fatigue Assessment
Scale (De Vries et al, 2004). Exclusion criteria were a) 1
h exercising a week; b) fatigue attributable to a medical condi-
tion; c) currently or in the past 6 months receiving psychologi-
cal and/or pharmacological treatment; d) drug dependence; e)
contraindications to exercise. Participants were randomly
assigned to either a six-week exercise condition or a wait list
condition. Full details of the study procedure can be read else-
where (De Vries et al., 2015, 2017).

In total, 96 participants were included in the study. Their
mean age was 45.25 years (SD = 10.68), and most were female
(81.30%). Participants were relatively highly educated (61.5% at
least a bachelor’s degree), and worked in a variety of sectors,
such as healthcare (21.65%), support services (9.28%), and edu-
cation (7.22%). They worked on average 29.33 (SD = 9.94) hours
per week. On average, exercisers were physically active at 3.34
(SD =2.37) and controls at 2.57 (SD = 2.20) days a week. The two
conditions did not significantly differ regarding demographic
characteristics and physical activity behaviour before the
intervention.

Exercise condition

Participants (n = 49) in the exercise condition followed a six-
week intervention consisting of low-intensity running.
Participants ran three times a week. Twice a week, the running
sessions were supervised by a trainer, and once a week, parti-
cipants ran independently. Including warm-up and cooling-
down, the duration of the exercise session was about 1 h.
During a session, running was alternated with walking. Over
the 6 weeks, running minutes increased and walking minutes
decreased. See for more details De Vries et al. (2015).

Wait list condition
Participants (n = 47) in the wait list condition did not receive
any intervention during the 6 weeks. They were given the
opportunity to follow the exercise intervention after 6 weeks
of waiting though.

Measures

Participants were measured pre (T0), and at the end of each
of the six intervention weeks (T1-T6). At each measurement
point, the participants in both conditions filled out a short
questionnaire. In total, 594 (88.39%) of the 672 question-
naires were completed (i.e., 7 measurement points * 96
participants). The non-significant p-value of the Little’s
MCAR test suggested there exists no pattern in the missing
data, and thus data were missing completely at random (x?
(681) = 730.62, p = .09).
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Health and well-being

Health and well-being were measured by means of
a combination of single-item measures and a multiple-item
scale. Since single-items measures are short to fill out, these
measures were chosen to reduce the burden placed upon our
participants, and to preserve a high response rate (Bowling,
2005). Single-item measures are found to be valid and reliably
capture short-term fluctuations in unidimensional and global
health and well-being constructs (e.g., DeSalvo et al., 2006;
Fisher et al., 2016; Van Hooff et al., 2007). Health and well-
being were measured among all participants at all time points
(TO-T6).

The single items “healthy”, “fatigued”, “tense”, “happy”, “satis-
fied”, “energetic”, “stressed”, “vital”, and “irritated” were intro-
duced as follows: “Can you indicate with a report mark
between 1 (not at all applicable) to 10 (extremely applicable)
to what extent the following states of mind were applicable to
you during the last two days?” Additionally, a single-item mea-
sure was presented to assess participants’ self-efficacy regard-
ing exercise: “Can you indicate with a report mark between 1
(not at all certain) to 10 (extremely certain) how certain you are
that you can reach your goals regarding exercise during the
previous two days?” The response scale ranging from 1 to 10
was based on the typical Dutch grade notation system. Two
days were chosen to reduce the risk of recall bias (Stull et al.,
2009).

To measure employees’ sleep quality, the 6-item sleep qual-
ity scale derived from the Dutch Questionnaire on the
Experience and Evaluation of work was used (Van Veldhoven
& Meijman, 1994). As these items were originally developed for
chronic sleep complaints, the scale was adapted for weekly
measurement. A higher sum score means lower sleep quality.
Reliability ranged from a = .59 to a = .68. An example item is: “I
slept well the last two nights” (reversed; 1 = yes, 0 = no). To
measure sleep quantity, participants reported their mean hours
of sleep a night during the past two nights.

Post hoc, it appeared that the correlation between the
weekly aggregated vitality, satisfaction, and happy, energy
measures on the person-level were high (correlations ranging
from .73 to .89; see Supplementary File 1). Given that these
indicators all refer to pleasant affect states (see circumplex
model; Posner et al., 2005), we decided to combine these four
variables into a new variable called “positive affect”. Cronbach’s
alpha for positive affect ranged from a = .83 to a = .94. In
a similar vein, “tension”, “stress”, and ‘irritation” were highly
correlated (correlations ranging from .77 to 91). These indica-
tors all refer to high activation, and negative affect (Posner
et al,, 2005). Therefore, a new variable “stress”, was computed.
Cronbach’s alpha for stress ranged from a = .83 to a = .92. For
all new variables, factor analyses indeed recommended one
factor (see Supplementary File 2).

Exercise exposure and experiences

Participants on the waiting list did not receive the exercise
intervention. Therefore, only participants in the exercise condi-
tion filled out exposure and exercise experiences items.
Measurement points comprised T1 - T6, since at TO, no inter-
vention was delivered yet, and exposure and experiences of the
intervention were thus not applicable.
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Exposure

Exercise participants were asked to indicate their attendance to
the guided and individual running sessions. Additionally, if
applicable, they were asked to indicate whether they per-
formed a missed guided running session on their own. This
means that three exercise sessions could be carried out each
week. The mean number of weekly attended sessions over the
six intervention weeks was included in the analysis.

Pleasure and effort

Single-item measures were also used to assess pleasure and
effort during the exercise sessions. The items are introduced as
follows: “Can you indicate with a report mark between 1 and 10
how you experienced last week’s running sessions?” The items
were answered on a Likert scale ranging from 1 (not at all
applicable) — 10 (extremely applicable). The average score of
pleasure and effort over the six intervention weeks was
included in the analysis.

Psychological detachment

The extent to which employees were able to detach from work
during the running sessions was measured using an adapted
version of the 4-item psychological detachment scale of the
Recovery Experience Questionnaire (Sonnentag & Fritz, 2007).
An example item is: “During the running sessions of last week,
| forgot about work”. The items were answered on a 5-point
Likert scale ranging from 1 = totally disagree to 5 = totally
agree. Reliability was on average a = .91 for all time points.
The average score of psychological detachment over the six
intervention weeks was included in the analysis.

Statistical analysis

Latent growth curve modelling (LGCM) using the Mplus soft-
ware package (version 7.4; Muthén & Muthén, 2010) was used
to test our hypotheses. LGCM was chosen, since the data were
longitudinally nested within two hierarchical levels (i.e., level 1:
time, level 2: participants), and this technique allowed us to
track inter-individual and intra-individual changes of phenom-
ena over time (Curran et al., 2011).

To test Hypothesis 1 (exercise exposure in relation to health
and well-being), only participants in the exercise condition
were included in the analyses, since wait list participants did
not receive the exercise intervention. For each health and well-
being indicator, a LGCM-model was computed. The model
consisted of the intercept (i.e., the first time point [T0] of the
curve of health and well-being indicator; average across indivi-
duals), slope (i.e., the growth rate of the health and well-being
indicator over time: T1-T6; average across individuals), var-
iances of the intercept and slope (i.e., random effects that
allow the intercept and slopes to vary across individuals),
a time-specific residual, and covariance between intercept
and slope (Hesser, 2015). Time was coded as 0 (T0), 3 (T1), 4
(T2), 5 (T3), 6 (T4), 7 (T5), and 8 (T6). This coding scheme was
used, since there was unequal spacing between measurement
points. That is, the intervention period started — on average —
2.52 (SD = 0.73) weeks after the pre-measurement, and thus,
the time interval between T0O and T1 was not exactly 1 week, as
was the time interval between the other measurement points

(T1-T6). Exposure (i.e, mean number of weekly attended exer-
cise sessions) was included as a time-invariant predictor (i.e.,
a fixed predictor that did not vary across time within indivi-
duals, but varies across individuals), and a time*exposure inter-
action term was added to the model as well. As such, it was
investigated whether the health and well-being indicator
before the start of the intervention (intercept) or the develop-
ment of the health and well-being indicator over time (slope)
differed according to participants’ attendance to the exercise
sessions. The fit of the model was evaluated by using Chi-
square tests, the Comparative Fit Index (CFI), the Tucker Lewis
Index (TLI), and the root-mean-square error of approximation
(RMSEA) (Bentler & Bonnett, 1980). Model fit was considered
acceptable if the TLI, and the CFI were >0.90 and RMSEA was
<0.10 (i.e., guidelines for growth models including N < 100, see
DeRoche, 2009).

To test Hypothesis 2, Hypothesis 3, and to answer Research
Question 2, similar analyses were conducted as those that were
used to test Hypothesis 1. Again, only exercise participants
were analysed. For all models, respectively, the mean level of
pleasure (H2), psychological detachment (H3), and effort (RQ2)
were included as time-invariant predictors, and predictors of
the intercept, and (quadratic) slope. It was investigated
whether the intercept or (quadratic) slope differed according
to participants’ average exercise pleasure, psychological
detachment, and effort over the six intervention weeks.

To answer Research Question 1 (minimal exposure of the
intervention required for beneficial effects to start manifesting),
data of all participants were included in the analyses. For each
health and well-being indicator, a series of two models were
computed. Again, Model 1 consisted of an intercept, slope,
random effects that allow the intercept and slopes to vary
across individuals, a time-specific residual, and covariance
between intercept and slope (Hesser, 2015). Also, in this
model, condition (0 = wait list, 1 = exercise) was included as
a time-invariant predictor of the intercept and slope.
Differences in the trajectory of the health and well-being indi-
cator between the two conditions were present if condition
significantly predicted the slope. In case a significant condi-
tion*slope interaction was found, additional analyses were per-
formed to further explore at what time point the health and
well-being indicator significantly differed between the condi-
tions. To this purpose, the variable “time” was rescaled. In the
original model, the intercept (i.e. the ‘0") represented the initial
status of the health and well-being indicator (i.e., just before
the start of the intervention). When condition significantly pre-
dicted the intercept, it could be concluded that the conditions
differed regarding their initial status of health and well-being.
In LGCM, it is possible to rescale the intercept (i.e., the ‘0’), and,
in this way, it could be investigated at which time point the
level of the health and well-being indicator differed per condi-
tion (Hesser, 2015). For instance, when it was explored whether
level of the health and well-being indicator differed between
conditions at T3, time was rescaled as —5 (T0), =2 (T1), =1 (T2), 0
(T3), 1 (T4), 2 (T5), and 3 (T6), so that the intercept referred to T3
instead of TO. If condition significantly predicted the intercept,
it could be concluded that conditions significantly differ from
each other in their level of health and well-being at T3. The
intercept was rescaled for every time point.



Additional analyses

As it was unknown how health and well-being trajectories
would develop over time, and it was well possible that
health and well-being would follow a non-linear pattern,
for each health and well-being indicator a second model
was estimated. This model was identical to the linear,
except for the additional inclusion of a quadratic slope
(time?), an interaction between the quadratic slope and
the moderator, and a random effect that allows the quad-
ratic slope to vary across individuals. To interpret significant
nonlinear interaction accurately, we followed recent metho-
dological recommendations to calculate and probe simple
slopes for curvilinear effects (see Miller et al., 2013). This
allowed us to see whether the health and well-being trajec-
tory accelerated or decelerated at a certain time point and
the extent to which this was related to the moderator. For
the sake of parsimony, details of these quadratic models are
presented in Supplementary File 3, and only presented in
the results section if the quadratic model fitted the data
better than the linear model (using Chi-square difference
test).

Results
Descriptive statistics

Intraclass correlations (ICCs), means and standard deviations of
the health and well-being indicators for each time point per
condition are depicted in Table 1. The ICCs show that 34.62%
(sleep quantity) — 68.28% (health) of the variance was explained
by fluctuations at the weekly level, and that there is sufficient
between-person variance for an analysing technique that
acknowledges the hierarchical structure of the data.
Additionally, Table 2 presents the means and standard devia-
tions of exposure, and exercise experiences for participants in
the exercise condition. Between- and within-person correla-
tions between study variables can be found in the supplemen-
tary materials.

Hypothesis 1 (exposure as moderator of the effectiveness
of the intervention)

Exposure to the intervention was quite good. On average,
two out of three exercise sessions a week were attended (see
Table 2). Results of the analyses that were conducted to test
hypothesis 1 are depicted in Table 3. No significant time*-
exposure interactions were found for fatigue, health, stress,
and sleep quality and quantity (see Table 3), indicating that
exposure to the exercise intervention was not related to the
development of these health and well-being indicators dur-
ing the course of the intervention.

As regards positive affect, a significant time*exposure inter-
action was found. Figure 1 shows the development of positive
affect over time for low exposure (one exercise session a week)
and high exposure (three exercise sessions a week). Simple
slope tests (Curran et al, 2004) revealed that high exposure
was related to increased positive affect over time (b = 0.13,
p < .01), and that low exposure was unrelated to positive affect
over time (b = -0.02, p = .63).
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Table 1. Intra-class correlations (ICC), means (standard deviations) of health and well-being outcomes at each time point.
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Sleep quality
Sleep quantity
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Table 2. Means (standard deviations) of exposure to exercise and exercise experiences for each time point (only participants in the exercise condition).

Theoretical range T1 (n = 45) T2 (n = 43) T3 (n = 42) T4 (n = 38) T5 (n = 38) T6 (n = 41) Overall
Exposure 0-3 2.55 (0.94) 2.18 (1.67) 1.94 (1.30) 1.96 (1.22) 2.07 (1.25) 1.46 (1.38) 1.98 (0.98)
Pleasure 1-10 7.38 (1.17) 7.47 (0.84) 7.31 (1.07) 7.62 (0.92) 7.47 (1.06) 7.72 (0.86) 7.37 (0.88)
Psychological detachment 1-5 4.18 (0.78) 4.10 (0.73) 4.13 (0.73) 4.26 (0.67) 4.15 (0.74) 4.20 (0.83) 4.09 (0.63)
Effort 1-10 6.41 (1.82) 6.47 (1.84) 6.51 (1.66) 6.65 (1.78) 6.85 (1.67) 6.68 (1.58) 6.70 (1.43)

Table 3. Fit statistics and estimates (SE) of linear models predicting health and well-being outcomes over time as a function of exposure (only participants in the

exercise condition).

Variance Variance

Intercept intercept Time Time Exposure on intercept  Time * Exposure X2 df RMSEA CFl TLI
Fatigue 6.94 (0.46)** 0.24 (0.42) —0.18 (0.08)*  0.01 (0.01 —0.12 (0.20) 0.02 (0.03) 4084 28 0.10 0.85 0.85
Health 6.78 (0.58)** 1.24 (0.54)* —0.10 (0.11) ~ 0.04 (0.02)**  —0.06 (0.26) 0.08 (0.05) 4440* 28 0.11 0.80 0.80
Stress 5.30(0.70)** 1.94 (0.81)* —0.03 (0.12)  0.02 (0.02 0.06 (0.30) —0.02 (0.05) 7442** 28 019 0.70 0.70
Positive affect 6.29 (0.45)** 1.25 (0.35)** —0.10 (0.08)*  0.03 (0.01)**  —0.01 (0.03) 0.01 (0.01)* 52.56* 28 0.14 0.78 0.78
Exercise self- 6.52 (0.56)** 1.70 (0.71)* —0.51(0.10)  0.04 (0.02)*  0.01 (0.04) 0.04 (0.01)**  70.51** 28 0.19 0.75 0.75

efficacy **

Sleep quality 3.04 (0.53)** 1.72 (0.47)** —0.09 (0.10)  0.04 (0.01)**  0.17 (0.23) 0.01 (0.04) 3408 28 0.07 095 0.95
Sleep quantity 7.02(0.33)** 0.64 (0.20)** —0.02 (0.05)  0.01 (0.00)*  —0.01 (0.14) 0.01 (0.02) 2488 28 <.01 1.00 1.00

Relevant effects are in bold.
*p <.05, ** p <.01 (two-tailed)

With regard to exercise self-efficacy, a significant time *
exposure interaction was found. Simple slope tests revealed
that high exposure was related to increased exercise self-
efficacy over time (b = 0.21, p < 0.01), and that low exposure
was related to decreased exercise self-efficacy over time
(b = —=.27, p < .01; see Figure 1 for a graphical representation
of the interaction effect).

Given that high exposure was related to favourable changes
in positive affect and exercise self-efficacy trajectories com-
pared to low exposure, but did not moderate fatigue, health,
stress, and sleep quality and quantity trajectories, we conclude
that Hypothesis 1 is partially supported.

Positive affect
e
Exercise self-efficacy

0 6

Intervention weeks

Research question 1 (minimal exposure)

To explore when intervention effects became visible, exercisers
and controls were compared regarding their health and well-being
trajectories. Table 4 depicts the results of these analyses. As can be
seen in this table, significant time*condition effects were found for
the indicators fatigue, positive affect, and sleep quality, indicating
that the course of these indicators over time differed between
participants in the exercise and control condition.

As regards fatigue, simple slopes tests indicated a decrease
of fatigue over time among exercisers (b = -0.14, p < .01) and
no change in fatigue among controls (b = —0.04, p = 0.24; see
Figure 2). To explore at which time point the level of fatigue

—e—Low
exposure

--m- High
exposure

Intervention weeks

Figure 1. Positive affect and exercise self-efficacy over time under low exposure (one exercise session a week) and high exposure (three exercise sessions a week).

Table 4. Fit statistics and estimates (SE) of linear models predicting health and well-being outcomes over time as a function of condition (exercise vs. control).

Intercept ~ Variance intercept Time Variance Time Condition on intercept Time * Condition 2 df RMSEA CFl TLI
Fatigue 6.75(0.20)** 0.30 (0.32) —0.04(0.03) <.01(<.01)  —0.04(0.28) -0.10 (0.05)*  56.45** 28 0.11 0.83 0.83
Health 6.44 (0.23)** 1.17 (0.38)** 0.01 (0.04) 0.04 (0.01)** 0.17 (0.33) 0.07 (0.06) 2404 28 <01 1.00 1.00
Stress 5.13(0.27)** 2.58 (0.54)** —0.03 (0.03) 0.02 (0.01) —0.06 (0.39) 0.01 (0.05) 47.88* 28 009 0.94 094
Positive affect 5.81(0.19)** 1.20 (0.24)** —0.02 (0.03) 0.02 (0.01)**  0.40 (0.26) 0.09 (0.04)* 50.79** 28 0.09 0.93 093
Exercise self-efficacy 5.28 (0.30)** 3.62 (0.70)** 0.06 (0.04)  0.07 (0.02) 1.10 (0.41)** —0.03 (0.06) 41.08 28 009 095 094
Sleep quality 3.40 (0.22)** 1.54 (0.32)** 0.03 (0.03) 0.03 (0.01) 0.08 (0.31) -0.13 (0.05)* 4195 28 0.07 095 095
Sleep quantity 7.02 (0.15)** 0.77 (0.15)** -0.02 (0.02) 0.01 (<.01) <.01 (0.20) 0.02 (0.03) 3551 28 0.05 098 0.98

Relevant effects are in bold.
* p <.05, ** p <.01 (two-tailed)
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Figure 2. Health and well-being trajectories for exercisers and controls (dotted vertical line represents minimal exposure; the point in time at which exercisers and

controls significantly differ from each other).

differed per condition, the intercept was rescaled six times (i.e.,
‘0’ scaled at T1-T6, respectively). Condition significantly pre-
dicted the intercept when the intercept was rescaled at T3, T4,
T5, and T6, but not at TO, T1, and T2. This means that from T3
onwards, the level of fatigue differed per condition. As can be
seen in Table 1, from T3 onwards, the level of fatigue is lower
among exercisers compared to controls. At T3, this difference
between exercisers and controls can be regarded as small
(Cohen’s d: 0.10), and at T6 as moderate (Cohen'’s d: 0.49).

As regards positive affect, simple slopes indicated that being
in the exercise condition was related to an increase of positive
affect throughout the intervention (b = 0.07, p < .01), while being
in the control condition was not related to significant changes in
positive affect over time (b = 0.02, p = .43). See Figure 2 for
graphical representation of positive affect over time per condi-
tion. Rescaling the intercept revealed that condition significantly
predicted the intercept when the intercept was rescaled at T1,
T2,T3,T4,T5, and T6, but not at TO. This means from T1 onwards,
the level of positive affect differed per condition. Inspecting
Table 1 reveals that, from T1 onwards, positive affect is higher
among exercisers than controls. At T1, this difference between
exercisers and controls can be regarded as moderate (Cohen's d:
0.54), and at T6 as large (Cohen’s d: 1.07).

With regard to sleep quality, simple slope tests showed that
exercisers showed increased sleep quality over time (i.e.,
a decrease in sleep problems, b = —0.10, z = —4.04, p < .01),
while controls did not show a change in sleep quality over time
(b =0.03,z=0.85, p = .40). Rescaling the intercept revealed that
condition significantly predicted the intercept when the inter-
cept was rescaled at T3, T4, T5, and T6, but not at TO, T1, and T2.
This means that from T3 onwards, the level of sleep quality
differed per condition. As can be seen in Table 1, at these time
points, higher sleep quality was found among exercisers (i.e.,
less sleep problems) compared to controls. At T3, this difference
between exercisers and controls can be regarded as small
(Cohen’s d: 0.11), and at T6 as moderate (Cohen’s d: 0.57).

Additional analyses research question 1

A significant time? * condition interaction was found for stress
(see Table 4A and Figure 2 in Supplementary File 3). Simple
slopes of stress at all time points throughout the intervention
were not significant for exercisers (b’s varying from —0.07 to
0.17, all p’s > .05) and controls (b's varying from —0.16 to 0.08, all
p's > .05). Furthermore, rescaling the intercept did not reveal
a time point at which condition significantly predicted the
intercept. Therefore, even though there is a significant interac-
tion effect, we conclude that no minimal exposure could be
detected.

In sum, the minimal exposure to the exercise intervention
was 1 week to observe a change in positive affect, and 3 weeks
to observe changes in fatigue and sleep quality. For health,
stress, exercise self-efficacy and sleep quantity, no minimal
exposure could be detected.

Hypothesis 2 (exercise pleasure as moderator of the
effectiveness of the exercise intervention)

In general, exercisers experienced the exercise sessions as
pleasurable (see Table 2). Furthermore, Table 5 shows that
exercise pleasure levels significantly moderated trajectories
of health, positive affect, and exercise self-efficacy, but did
not moderate trajectories of fatigue, stress, and sleep quan-
tity and quality.

As regards health, a significant time*pleasure interaction
was found. See Figure 3 for a graphical representation of
the interaction. In this figure, low pleasure indicates an
insufficient report mark regarding exercise pleasure (i.e.,
‘4"), and high pleasure indicates a good report mark regard-
ing exercise pleasure (i.e., ‘8'). Simple slope analysis showed
that high pleasure was related to increased health over time
(b = 0.16, z = 4.55, p < .01), but that low pleasure was
unrelated to changes in health over time (b -0.27,
z =-1.63, p = .10).
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Table 5. Fit statistics and estimates (SE) of linear models predicting health and well-being outcomes over time as a function of pleasure (only participants in the

exercise condition).

Intercept  Variance intercept Time Variance Time Pleasure on intercept Time * pleasure X2 df RMSEA CFl TL
Fatigue 5.76 (1.63)** 0.26 (0.42) 0.10 (0.24) —0.01 (0.01)  0.13(0.22) —0.03 (0.03) 43.72* 28 0.11 0.83 0.83
Health 9.45 (1.90)** 0.88 (0.49) —-0.69 (0.35)** 0.04 (0.02)*  —0.38 (0.26) 0.11 (0.05)* 3500 28 0.08 0.90 0.90
Stress 6.98 (2.00)** 1.89 (0.64)** 0.15 (0.26) 0.02 (0.01) —0.27 (0.27) —0.02 (0.04) 62.13** 28 0.17 0.80 0.80
Positive affect 5.92 (1.57)** 1.17 (0.33)** —0.48 (0.25)  0.03 (0.01)**  0.04 (0.21) 0.08 (0.03)* 57.72** 28 0.15 0.75 0.75
Exercise self-efficacy 6.72 (2.05)* 1.80 (0.67)** —0.88 (0.36)  0.05 (0.02)*  —0.02 (0.28) 0.12 (0.05)* 52.59** 28 0.16 0.81 0.78
Sleep quality 4.69 (1.88)* 1.81(0.48)** 0.34 (0.31) 0.04 (0.01)**  —0.16 (0.25) —0.06 (0.04) 2767 28 <01 1.00 1.00
Sleep quantity 5.37 (1.13)** 0.62 (0.19)** —0.10 (0.16)  0.01 (<.01)*  0.22 (0.15) 0.02 (0.02) 2889 28 0.03 099 0.99

*p <.05, ** p <.01 (two-tailed)

As regards positive affect, a significant time*pleasure inter-
action was found (see Table 5 and Figure 3). Simple slope
analysis indicated that high pleasure was related to an
increased positive affect over time (b = 0.16, p < .01), and that
low pleasure was related to decreased positive affect over time
(b =-0.08, p < .01).

Also, regarding exercise self-efficacy, a time*pleasure inter-
action was found (see Table 5 and Figure 3). Simple slope
analysis indicated that high pleasure was related to an increase
in exercise self-efficacy over time (b = 0.12, p = 0.03), and that
low pleasure was related to a decrease in exercise self-efficacy
over time (b = —0.38, p = 0.03).

Altogether, we found partial support for Hypothesis 2, as
exercise pleasure was related to favourable health, positive
affect, and exercise self-efficacy trajectories, and unrelated to
fatigue, stress, and sleep quantity and quality trajectories.

Hypothesis 3 (psychological detachment as the moderator
of the effectiveness of the exercise intervention)

On average, participants were very well able to psychologically
detach from work during the exercise sessions (see Table 2).
Results of the analyses that were conducted to test hypothesis
3 are depicted in Table 6. As can be seen in this table, no

Health
o
.

Exercise self efficacy

significant time * detachment interactions were found for all
indicators.

Additional analyses hypothesis 3

For health, see Supplementary File 3 (Table 6A and Figure 3), in
the quadratic model, a significant time*psychological detach-
ment interaction was found and, consequently, interpreted.
Simple slope analysis revealed that high psychological detach-
ment was related to increased health over time (b = 0.54,
p = 0.03), and that low psychological detachment was unre-
lated to changes in health over time (b = 0.11, p = 0.34).

As participants who experience more psychological detach-
ment during their weekly exercise sessions show larger
improvements in health than participants who experience less
psychological detachment, but did not show improvements in
the other health and well-being indicators, we conclude that
Hypothesis 3 is partially supported.

Research question 2 (effort as the moderator of the
effectiveness of the exercise intervention)

In general, exercisers experienced the exercise sessions as
moderately effortful (see Table 2). Results of the analyses
that were conducted to answer Research Question 2 are
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Figure 3. Health and well-being trajectories for low pleasure (report mark ‘4’) and high pleasure (report mark ‘8’).
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Table 6. Fit statistics and estimates (SE) of linear models predicting health and well-being outcomes over time as a function of psychological detachment (only

participants in the exercise condition).

Variance Detachment on Time *

Intercept intercept Time Variance Time intercept detachment X2 df RMSEA CFlI TL
Fatigue 6.88 (0.92)** 0.26 (0.42) —0.07 (0.14) —0.01 (0.01) —0.06 (0.27) —0.02 (0.04) 43.15% 28 0.11 0.83 0.83
Health 7.36 (1.11)** 1.14 (0.52)* —-0.16 (0.20) 0.04 (0.02) —-0.21 (0.33) 0.07 (0.06) 40.71 28 0.10 0.82 0.82
Stress 6.18 (1.13)** 1.93 (0.66)** 0.20 (0.15) 0.02 (0.01) —-0.36 (0.33) —0.07 (0.04) 58.41** 28 0.16 0.82 0.82
Positive affect 6.19 (1.22)** 1.014 (0.33)**  —0.02 (0.20) 0.03 (0.01)** <.01(0.29) 0.03 (0.05) 53.29** 28 0.14 076 0.76
Exercise self-efficacy  6.45 (1.16)** 1.59 (0.60)**  —0.38 (0.24) 0.06 (0.02) 0.03 (0.35) 0.12 (0.07) 100.98** 28 0.24 047 047
Sleep quality 4.42 (1.04)** 1.77 (0.48)** —-0.02 (0.18) 0.04 (0.01)** —-0.28 (0.31) —0.02 (0.05) 3200 28 0.06 097 097
Sleep quantity 6.00 (0.60)** 0.57 (0.18)** —-0.13 (0.08) 0.01 (<.01) 0.29 (0.18) 0.04 (0.03) 2809 28 0.01 1.00 1.00

* p <.05, ** p <.01 (two-tailed)

Table 7. Estimates (SE) predicting health and well-being outcomes over time as a function of effort (only participants in the exercise condition).

Intercept ~ Variance intercept Time Variance Time Effort on intercept Time * effort X2 df RMSEA CFlI  TL
Fatigue 6.44 (0.94)** 0.29 (0.42) —0.37 (0.13)** 0.01 (0.01) 0.04 (0.14) 0.04 (0.02) 40.38* 28 0.0 0.86 0.86
Health 5.15 (1.09)** 0.87 (0.49) 0.18 (0.20) 0.04 (0.02)* 0.23 (0.16) —0.02 (0.03) 30.92 28 006 095 0.95
Stress 3.26 (1.14)**  1.78 (0.62)** —0.01 (0.15)  0.02 (0.01) 0.26 (0.17) <.01(0.02) 60.13* 28 0.16 0.81 081
Positive affect 6.51 (0.91)** 1.14 (0.33)** 0.09 (0.15) 0.03 (0.01)**  —0.05 (0.14) <.01 (0.02) 55.30** 28 0.15 0.74 0.74
Exercise self-efficacy 6.85 (1.23)** 1.73 (0.71)* 0.20 (0.25) 0.06 (0.03) —0.05 (0.18) —0.03 (0.04) 66.07** 28 0.19 0.71 0.67
Sleep quality 2.92 (1.10)** 1.81 (0.49)** —-0.19 (0.18) 0.04 (0.01)**  0.09 (0.16) 0.01 (0.03) 28.38 28 0.01 1.00 1.00
Sleep quantity 7.19 (0.68)**  0.66 (0.20) —0.04 (0.09)  0.01 (0.01) —0.03 (0.10) 0.01 (0.01) 3613 28 0.08 0.95 095

* p <.05, ** p <.01 (two-tailed)

depicted in Table 7. As can be seen in this table, no signifi-
cant time*exposure interactions were found for all indicators.

Additional analyses RQ2

Significant time?*effort interactions were found for positive
affect, exercise self-efficacy, and sleep quantity (see Table
7A and Figure 4 in Supplementary File 3). Simple slope
analysis for curvilinear models (Miller et al., 2013) indicated
that (TO-T3) low effort was related to increasing positive
affect over time in the beginning of the intervention (b’s
varying from 0.26 to 0.42, all p’s < .05), and not significantly
related to positive affect in the second half of the interven-
tion (T4-T6; b’s varying from —0.06 to 0.18, p's >.05). In the
beginning of the intervention (T0-T1), high effort was
related to decreased positive affect over time (b’'s varying
from —0.39 to —0.29, p’s < .05), and in the remaining time of
the intervention it was unrelated to positive affect (b's
varying from —0.19 to 0.21, p’s < .05).

As regards exercise self-efficacy, simple slope analysis
indicated that, during the beginning of the intervention (TO-
T2), low effort was related to increasing exercise self-efficacy
(b's varying from 0.31 to 0.62, p's <.05). From the third to
the 6th-week intervention (T3-T5), low effort was related to
stable exercise self-efficacy (estimates varying from —0.16 to
0.15, p's > .05), and in the last week of the intervention it
was related to a decrease in exercise self-efficacy (T6; esti-
mate: —-0.31, p < .05). On contrary, high effort was not
significantly related to exercise self-efficacy during the inter-
vention period (b’s varying from —0.23 to 0.09, p’s <.05).

As regards sleep quantity, simple slope analysis indicated
that low effort was not significantly related to the develop-
ment of sleep quantity over time (b’s varying from —0.18 to
0.06, p’s > .05), neither was high effort (b’s varying from
—0.10 to 0.14, p's > .05). Therefore, we conclude that effort
did not moderate sleep quantity throughout the
intervention.

In sum, low effort was positively related to positive affect
and exercise self-efficacy in the beginning of the intervention.

Discussion

The aim of the current study was to obtain insight in the
“receipt” of an exercise intervention for employees with work-
related fatigue, a mild burnout symptom. We specifically
focused on participants’ exposure to the intervention and
their exercise experiences (i.e., pleasure, psychological detach-
ment, and effort) in relation to their health and well-being
trajectories throughout the intervention. In Table 8, the found
support for our hypotheses and answers to research questions
are summarized.

Exposure

Exercisers who attended more exercise sessions showed more
favourable well-being trajectories (i.e., positive affect and exer-
cise self-efficacy). These found dose-response relationships
between exercise on the one hand, and well-being on the
other hand are consistent with previous studies (e.g., Hamer
et al,, 2009). As nearly all participants in our study received
a high intervention dose, low exposure and high exposure in
the current study may actually reflect a moderate versus a high
intervention dose. This relatively low contrast between low and
high exposure may be a reason why not all health and well-
being trajectories were related to participants’ received exer-
cise sessions.

As regards minimal exposure, it was shown that health and
well-being effects of exercise among fatigued employees may
occur relatively early in time (i.e., after 1 week for positive affect,
and after 3 weeks for fatigue and sleep quality), which is
comparable with the onset of intervention effects found in
previous studies (Bretland & Thorsteinsson, 2015; De Vries
et al, 2018). As most beneficial effects in the current study
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Table 8. Synthesis of evidence.

Support and/or results®

Analysis of intervention and/ positive  exercise self-  sleep sleep
or control group fatigue health stress affect efficacy quality  quantity

Hypothesis

1. More exposure to exercise — better health and well- Intervention group 0 0 0 + + 0 0
being over time

2. More exercise pleasure — better health and well- Intervention group 0 + 0 + + 0 0
being over time

3. More psychological detachment — better health and Intervention group 0 + 0 0 0 0 0
well-being over time

Research Question

1. What is the minimal exposure to exercise to observe Intervention & control group 3 0 0 Tweek 0 3 weeks 0
health & well-being effects? weeks

2. Is effort during exercise related to health and well-  Intervention group -b -b 0 o0 0 0 0

being over time?

24 positive association; — negative association; 0 no association. ® Only in the first half of the intervention (0-3 weeks).

were found after six-week intervention completion, it is likely
that exercise behaviour should be maintained to observe stron-
ger and sustained effects (cf. De Vries et al., 2018). On a more
general note, significant differences between the intervention
and control group were only observed in energy-related out-
comes (fatigue, positive affect, and sleep). This might be due to
our sample of fatigued employees, for whom it is likely that
most room for improvement can be obtained in this type of
outcomes. Another explanation may be that effects on the
other health and well-being indicators may depend on partici-
pants’ experiences during exercise.

Exercise experiences

Despite the generally high absolute level and low variance of
exercise pleasure reported in this sample, still differences in
health and well-being trajectories were found depending on
exercise pleasure (i.e., for health, positive affect and exercise
self-efficacy). This result is in line with Broaden-and-Build
theory that suggests that a positive emotion, such as exercise
pleasure, may trigger upward well-being trajectories
(Frederickson, 2001). We did not find that exercise pleasure
affected the undoing of negative well-being outcomes (i.e.,
fatigue, stress), which contrasts the Broaden-and-Build theory
(Frederickson, 2001). However, the results are in agreement
with suggestions that positive and negative affective states
have distinct correlates (O'Connor & Puetz, 2005; Raedeke,
2007) and that positive emotions during activities may parti-
cularly trigger affective states that are more positive in nat-
ure than those that are more negative in nature (Raedeke,
2007).

As regards psychological detachment, most participants
were well able to switch off from work-related thoughts during
exercise, and there was little variation between participants. It
is therefore not surprising that most health and well-being
trajectories were not affected by psychological detachment.
The finding that psychological detachment affected the trajec-
tory of health — which might be viewed as a more distal health
and well-being indicator - may thus be considered somewhat
surprising, although this result is in accordance with a large
body of evidence that shows that psychological detachment is
an important experience for employees during non-work time
for health preservation and enhancement (Sonnentag & Fritz,

2015; Wendsche & Lohman-Haislah, 2017). A possibility for the
lack of support for the moderating role of psychological
detachment is that exercise itself (e.g., attention focus to bodily
sensations) or features of the intervention (e.g., exercising
together) may have fostered psychological detachment
among our participants (Morgan, 1985; Wininger & Gieske,
2010), and that psychological detachment thus rather acted
as a mechanism through which the intervention works, which
have been found previously (Feuerhahn et al, 2014).
Sonnentag and Fritz (2015) suggest that psychological detach-
ment can be both a mediator and moderator in the relationship
between job stressors on the one hand and poor well-being on
the other hand. In a similar vein, it may be that psychological
detachment can be both a mediator (Feuerhahn et al., 2014)
and moderator (De Vries et al., 2018) in the relationship
between exercise and fatigue, health and well-being.

Lastly, we explored whether the experience of effort during
the exercise sessions affected health and well-being trajectories
during the intervention. In general, participants did not experi-
ence the exercise sessions as highly effortful. This is likely the
result of the instructions of the intervention trainers, who gave
advice to run on a low intensity (see study protocol; De Vries
et al., 2015). The findings of this study show that high effort was
related to decreased positive affect in the first 2 weeks of the
intervention, and low effort was related to positive affect and
exercise self-efficacy in the first 3 weeks of the intervention.
These findings match observations in earlier studies (Ekkekakis
etal., 2011; O’'Connor & Puetz, 2005). As nearly no negative nor
positive associations between high effort and health and well-
being trajectories were found, our results did not provide sup-
port for the idea that effort is costly (e.g., O'Connor & Puetz,
2005), nor for the idea that effort is valued (e.g., Inzlicht et al.,
2018). It should be noted, though, that low effort during exer-
cise was only related to a more favourable development of two
out of seven health and well-being indicators, and only in the
first half of the intervention period. This is likely the result of the
restriction of range in the effort experience in the current
sample.

Theoretical and practical implications

The present study has several theoretical implications. First, as
the intervention was found to be effective (see also De Vries
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et al,, 2017), and as more exposure was found to be related to
more beneficial effects, current results indicate that the theo-
retical model underlying the relationship between exercise and
work-related fatigue, and health and well-being (Kristensen,
2005) is valid. Although indeed several plausible mechanisms
have been put forward (Kandola et al., 2019; De Vries et al.,
2015, 2017; Wiese et al., 2018), additional research on the “how”
(how does the intervention work?) and “why” (which factors
hindered or stimulated intervention outcomes?) may be rele-
vant for theory refinement (MacKinnon, 2011). It would be
interesting for future research to not only examine the moder-
ating (“why”) but also the mediating (“how”) role that exercise
experiences play in explaining the effectiveness of exercise
interventions.

Second, this study contributes to the idea that people are
not passive receivers of the intervention, but that people
actively interact with the intervention, and that this interaction
may partly explain intervention effectiveness (Moore et al.,
2015; Nielsen et al., 2007). More specifically, this study provides
additional support for the idea that not only characteristics of
exercise itself (e.g., type, duration), but also the subjective
evaluation of exercise matters for health and well-being effects
among fatigued employees (Oerlemans et al., 2014). Although
the intervention was generally well received, and, as such, no
“poor” receipt of exercise could be studied, this study suggests
that “sufficient” receipt of exercise may reduce fatigue, the
main symptom of burnout, and that fatigued employees may
receive additional benefits in secondary outcomes in case of
a “good receipt”, i.e., in case of high exposure, exercise pleasure
and psychological detachment, and low effort. Obtaining
improvements in these secondary outcomes may be important
as well, as these outcomes have been shown to be relevant for
functioning of fatigued employees at work and exercise parti-
cipation on the longer term (Lee et al., 2016; Neupert et al.,
2009).

Third, the quantitative weekly measurements in the current
study enabled to portray the development of health and well-
being throughout the intervention period, and to relate these
developments to process factors. This approach differs from
previous quantitative process evaluations, as these did not
relate process factors to outcomes or only measured process
factors at follow-up and related them to intervention outcomes
(Steckler & Linnan, 2002). We showed that how people experi-
ence the intervention or to what extent they are exposed to the
intervention not only affected outcomes after the end of the
intervention but also affected the increment or decrement of
outcomes during the intervention period.

This study has also several practical implications. The find-
ings of the current study imply that the exercise is generally
well received among employees with work-related fatigue.
That is, most participants attended the exercise sessions and
exercise were experienced as pleasurable. To optimize exercise
intervention effectiveness for employees experiencing work-
related fatigue, exposure to the intervention may be stimu-
lated, for instance, by making use of motivational strategies
such as positive feedback (Nicolson et al., 2017). Furthermore,
exercising 3 weeks for three times a week seems a minimal
intervention dose to observe effects in fatigue, the core symp-
tom of burnout. A higher intervention dose seems desirable in

order to observe stronger and sustained intervention effects.
Furthermore, we suggest to design the intervention in a way
that exercise pleasure will be promoted. Previous research
shows that exercising in a group that is supportive (by both
group members and the trainer, with the absence of interper-
sonal competition), may increase exercise pleasure (Berger &
Motl, 2000; Dunton et al., 2015; Fox et al., 2000). Future exercise
interventions for work-related fatigue may also be designed in
a way that psychological detachment during the exercise ses-
sions will be facilitated, for instance, by instructing participants
to exercise in nature (Barton & Pretty, 2010). Lastly, it might be
advisable to instruct participants to exercise in a way that
feeling of expended effort during exercise is (relatively) low.
Participants may be learned that one should be able to speak
comfortably and breath easily during exercise in order to
ensure that effort is low (Loose et al., 2012; Persinger et al,,
2004).

Limitations and future research

This study is not without limitations. First, in the current
process evaluation, we particularly focused on the receipt of
the intervention (Moore et al, 2015; Nielsen et al, 2007;
Saunders et al.,, 2005; Steckler & Linnan, 2002), and we did
not pay attention to other process factors, such as the con-
text, and mechanisms of impact, that may impact interven-
tion effectiveness too (Moore et al.,, 2015; Steckler & Linnan,
2002). Future research may consider studying these process
factors to get a better understanding of “when”, “how”, and
“why” an exercise intervention may work for employees who
experience work-related fatigue.

Second, in the present study, outcomes and exercise experi-
ences were measured at the same point in time, namely, pre
(T0), and at the end of each of the six intervention weeks (T1-
T6). This might have resulted in affective states impacting the
recall of exercise experiences or vice versa. To better disentan-
gle the associations between exercise experiences on the one
hand, and health and well-being on the other hand, we suggest
that future research measures exercise experiences during or
immediately after exercise sessions, and health and well-being
at a different point in time. This would also allow for examining
reversed or reciprocal relationships between exercise experi-
ences and health and well-being indicators. For instance, it has
been shown that exercise self-efficacy and effort could be
reciprocally related (Hutchinson et al.,, 2008).

A third limitation is that not all latent growth models
showed sufficient model fit, even when significant parameter
estimates were found in these models. This is likely to be
related to our relatively low sample size, which may impact
measures of model fit, and the proportional variability of the
parameter estimates (i.e., the degree to which the empirical
parameter estimates fluctuate around the true population
value; Hamilton et al., 2003). The group of exercise participants
on which we based our analyses consisted of 47 participants,
whereas research suggests that sample sizes of at least 50
should be included when using Latent Growth Curve
Modelling (Hamilton et al., 2003). Although it is suggested
that a small sample size in combination with multiple measure-
ments does not bias parameter estimates to a substantial
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degree in LGM analyses (Hamilton et al., 2003), we suggest that
future research may include larger sample sizes to increase
model fit and proportional variability of the estimates.

Fourth, as fatigue, six health and well-being indicators, and
four process factors were examined in the current study, multi-
ple statistical tests were carried out. Multiple tests may result in
an increased risk of Type | errors (Feise, 2002). A solution to
reduce problems related to multiple testing is to adopt a more
stringent p-value. However, we chose not to do so, because we
based our hypotheses a priori on strong theoretical founda-
tions (De Vries et al., 2015), and a downside of p-value adjust-
ment is that the chance of Type Il errors is higher, which may
limit further investigation of potentially valuable research ques-
tions (Feise, 2002). We certainly acknowledge that multiple
testing is suspect to bias (Feise, 2002), though. Therefore, we
suggest to interpret results of this study with some caution, and
we suggest that future research incorporates a limited amount
of outcome and process measures. Researchers are advised to
carefully consider what aspects of the intervention process
should be measured to best understand “when”, “why” and
“how” an intervention works (Steckler & Linnan, 2002).
Outcome measures should be chosen that best define success
of an intervention (Coster, 2013).

Fifth, related to the previous point, despite the fact that the
current study incorporated a theoretically relevant set of exer-
cise experiences, it is likely that several other exercise experi-
ences could have moderated the relationship between exercise
on the one hand and fatigue, health and well-being on the
other hand as well. Examples of such experiences are mastery
experiences (one’s feeling of succeeding in overcoming exer-
cise challenges; Sonnentag & Fritz, 2007), the sense of belong-
ing (one’s feeling of being meaningfully integrated in the
exercise environment; Feuerhahn et al, 2014), control (one’s
feeling of having control over what to do during an exercise
session; Sonnentag & Fritz, 2007), and positive work reflection
(thinking about the positive aspects of one’s job during exer-
cise; Meier et al.,, 2016). Further research on the moderating role
of other experiences is therefore suggested. When studying
experiences as moderators, we suggest to adapt existing scales
(e.g., recovery experiences questionnaire; Sonnentag & Fritz,
2007) to measure experiences specific for exercise, and refer
to experiences during exercise.

General conclusion

All in all, this study showed that there is no one-size-fits-all
approach regarding an exercise intervention for employees
with work-related fatigue, as variation in exercise exposure
and exercise experiences resulted in differential intervention
effects. This study has highlighted that paying attention to
the receipt of an exercise intervention, i.e., sufficient expo-
sure and exercise experiences, may contribute to the suc-
cess of an exercise intervention for employees with work-
related fatigue. As we were among the first to report
a process evaluation of an exercise intervention aimed at
reducing fatigue and increasing health and well-being
among fatigued employees, we suggest that other research-
ers may adopt a comparable approach for process evalua-
tions of exercise interventions for work-related fatigue to

better determine when, how and why exercise interventions
for fatigued employees work. This may have positive impli-
cations for research and practice.
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