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Differential efficacy of physical exercise and mindfulness during lunch breaks as internal

work recovery strategies: A daily study

Abstract: This study aims to identify whether daily activities during the lunch break, performed
before eating, are associated with improvements in several indicators related to recovery from work
stress. No existing studies examine the daily effects of sitting mindfulness meditation and aerobic
physical exercise practiced during lunch break as daily internal work recovery activities. This three-
armed randomized controlled trial was carried out over 22 working days with service sector workers
(n = 94, age mean, 46.8). The mindfulness group received a mindfulness-based intervention (sitting
meditation), while the physical exercise group practiced an aerobic exercise program with the same
time intervals as the mindfulness group (15-30 minutes); the third group was the control group. We
measured daily effects on fatigue, psychological detachment, sleep quality, stress symptoms, and
attention problems. Measurements of daily variables were collected through an ad hoc App. Growth
curve analysis reveals that mindfulness and physical exercise can effectively reduce fatigue, stress

boschphysical exercise significantly improved sleep quality.

Keywords: Mindfulness; stress; physical exercise; work recovery; daily study.



Introduction

Research into recovery from work has made enormous progress over the last two decades,
generating a wealth of knowledge for employee well-being (e.g., Bennett et al., 2018; Karabinski et
al., 2021). However, there are few studies on recovery activities performed during the working day,
especially during lunch breaks. Some of these studies are already showing the importance of the
effects of lunch break recovery activities. For example, the longitudinal study by Sianoja and
colleagues (2016) suggests that successful lunchtime recovery may have long-term consequences,

such as higher energy levels one year later.

According to Bosch et al. (2018) and Krajewski et al. (2010), concentration on tasks drops
off shortly before the lunch break, making workers less productive. Previous research has shown
that practicing brief recovery activities at this moment may help employees clear their minds, return
to work after lunch with more energy, and reduce the adverse effects of work at the end of the

working day (De Bloom et al., 2014; Hunter & Wu, 2016; Krajewski et al., 2010.

Different activities can facilitate stress recovery (Sonnentang, 2018). There are low-effort,
physical, social, or challenging activities. In this line, this study attempts to shed light on two types
of practices. Taking note of the growing demand for Mindfulness (MF) courses in companies
(Vonderlin et al., 2020), we have analyzed this practice alongside cardiovascular Physical Exercise
(PE), which is common in corporate wellness programs, against a Control Group (CG). Regarding
the choice of short practice intervals, research has shown that daily PE is better for stress than
intermittent PE (Amaro-Gahete et al., 2020). Therefore, we aimed to test whether this daily practice

applies to mindfulness.

To test our hypotheses, we combine an RCT (randomized controlled trial) design with daily
measurements to study the differential effects of 15-30 minutes of daily MF or PE practice before

lunch on five variables related to daily work stress: the subjective experience of fatigue,
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psychological detachment, sleep quality, daily stress symptoms, and attention problems. Thus, our
study contributes to the literature in three different ways. First, our daily measurements extend
research on the effect of the daily practice of MF or PE, compared to longer practice sessions a few
days per week (De Bruin et al., 2016). Secondly, our study sheds light on the question of whether
MF or PE practice during the lunch break is feasible and effective in improving some important
occupational mental health variables such as fatigue, detachment, sleep, stress, or attention (Bosch
et al., 2018; De Bloom et al., 2014). Last, our RCT, with daily measurements taken just at the end
of the working day, may confer ecological validity to the results in response to the request by
certain authors (e. g. O'Shea et al,, 2016) on the need for high-quality trials in work health
interventions. In this sense, our ultimate objective is for companies to incorporate recovery
activities in the most efficient way possible. For this reason, the study provides knowledge about

the effects of MF and PE on work-stress recovery compared to a control group.
Theoretical background and hypotheses development

One of the mental health tools incorporated into companies is MF, a non-religious practice
based on the experience of mindful meditation and calm attention to the moment (Kabat-Zinn,
1990). We have not found specific studies of MF practice during the lunch break to recover from
stress. However, considering that MF is considered a low-effort activity (Hiilsheger et al., 2018),
there are studies on the effects of low-effort activities during the lunch break that have shown lower
levels of cortisol and a reduction in stress and fatigue (Krajewski et al., 2010), higher levels of
psychological detachment during break periods, and higher levels of well-being and focus after
work (Sianoja et al., 2018). According to several meta-analytic results (Bartlett et al., 2019; Lomas
et al., 2017; Vonderlin et al., 2020), Mindfulness-based interventions (MBI) have relevant effects in

work settings, including stress reduction and incremental improvements in levels of mental health,



trait mindfulness, well-being, performance, job satisfaction, sleep quality and sleep duration (Choi

et al., 2022).

Another healthy activity that over the last decade has been integrated into some businesses’
employee wellbeing programs is physical activity. Although the positive effects of general physical
activity on health are commonly known (reducing the risk of obesity, cardiovascular disease,
diabetes, and depression (Bayattork et al., 2019), one in four adults still does not meet the global
recommendations of World Health Organization (WHO). To increase general physical activity and
reduce sedentary behavior in adults, the WHO (2018) recommends integrating it at the workplace

since adults spend half of their waking hours there on weekdays.

The first studies that looked at the effects of physical activity, specifically at lunchtime,
were Brown et al. (2012), Trougakos et al. (2014), and Sianoja et al. (2018). These authors
examined the effects of walks in a natural or park setting, but walks are considered physical
activity, not PE. Considering that PE is a specific form of intense physical activity (Malina, 1996),
we chose it as an intervention because there is less scientific literature on it and we consider that the
effects could be more significant. PE is highly recommended to combat occupational stress (e.g.,
Kettunen et al., 2015), and absenteeism (Milton et al., 2021). Some studies relate regular after-work
PE sessions to increased vigor and well-being lasting throughout the evening (Oerlemans et al.,
2014). As far as we know, only Bramante et al. (2018) and Michishita et al. (2017a, 2017b) have
analyzed the viability of PE at work during lunchtime and how it improves workplace vigor and

decreases presenteeism among workers. More studies are needed to analyze other potential effects.

While recovery strategies can replenish an employee’s energy, and psychological and social
resources, we have decided to focus exclusively on energy-related aspects like the subjective
experience of daily fatigue, psychological detachment, quality of sleep, stress symptoms, and

attention difficulties. Key theoretical considerations will be outlined in the following section.



Effects on daily perceived fatigue

Recovery strategies were initially conceived to combat the specific effects of fatigue
(Sonnentag, 2018). Fatigue is a common symptom among workers due to high work demands that
leads to errors and accidents, and increases the risk of musculoskeletal injuries, anxiety, and
depression (Santos et al., 2020). Although the nighttime is the natural time to rest after a day's work,
there are also certain times throughout the working day, such as lunch breaks, that can be taken

advantage of to reduce the accumulation of fatigue.

Studies have demonstrated the benefits of several active rest interventions in the workplace
to promote health (Van Eerd et al., 2016), but little is known about whether the daily practice of MF
or PE at lunch can also significantly reduce perceived fatigue. Regarding MF practice, it could be
inversely related to fatigue (e.g., Rook & Zijlstra, 2006). Davidson et al. (2003) found that MF
improved energy levels in high-stress jobs, and Michel et al. (2021) observed how only three-weeks
of a self-instructed online MBI could reduce fatigue. According to Choi et al. (2022), MF may
increase the individual's awareness of their physiological state, ensuring they become aware of high
fatigue levels sufficiently in advance to adopt self-regulation mechanisms. MF practice may also
help counteract mental fatigue caused by multitasking (Kudesia et al., 2020). These are some of the

reasons why we believe that practicing MF every day at lunch could help reduce perceived fatigue

Concerning practicing PE at the workplace, some studies have observed its benefits on
musculoskeletal disorders (Van Eerd et al., 2016) or pain perception, but little is known about
perceived fatigue from work. Various workplace training protocols have been tested (stretching,
relaxation, light training, etc.). However, resistance training is the most effective for reducing

perceived fatigue (Santos et al., 2020). This is why our intervention is based on resistant exercises.



According to Rook and Zijlstra (2006), fatigue increases at the beginning of the resistance
practice, but when the practice is consolidated after some weeks, fatigue gradually decreases.
Moreover, since fatigue from a working day can deter after-work PE (Blafoss et al., 2018), we
assume that the lunch break may be a more propitious moment; insofar as fatigue is not usually so
intense as to be an obstacle to the practice of the activity. Based on these rationales, we propose the

following hypotheses:

Hypothesis 1: A daily practice of MF at lunchtime is related to lower daily fatigue levels in
comparison to the CG (Hypothesis la); A daily practice of PE at lunchtime is associated

with lower daily fatigue in comparison to the CG (Hypothesis 1b).

Effects on daily psychological detachment

While meta-analyses of the effects of each recovery process are limited, psychological
detachment is especially beneficial in the presence of elevated work-related stress factors (Chong et
al., 2020). The inability to stop thinking about work and work-related problems during leisure time
could be a detachment failure (Sonnentag & Fritz, 2015). Some studies have shown that detachment
during work lunch breaks can help employees recoup their energy (Bosh et al., 2018), which
correlates with both positive affect (Rhee & Kim, 2016) and a lower need for recovery due to higher
vigor and lower exhaustion over the year (Sianoja et al., 2018). It has also been related to better
work engagement and job performance (Bennett et al., 2020). Despite these promising findings,
there are gaps in the literature on what to do during these breaks to disconnect since, for example, if
we go out to lunch with colleagues, there is a high probability of talking about work and, therefore,

of not disconnecting.

MF is an activity that can be practiced at lunch, which helps to strengthen the mental
exercise of disconnecting when we are not at work. It has been defined as enhancing and being

aware of the present moment without judgment (Kabat-Zinn, (1990). This is why Choi et al. (2022)
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have observed that developing this mental state may promote healthy self-regulation and
psychological detachment outside the work setting. Although we have not found studies that
analyze MF effects on detachment during lunch, we found relevant studies like the one from
Hiilsheger et al. (2014), who observed that the MF experienced during work was related to better
subsequent sleep quality and how this relationship was mediated by psychological detachment from
work. For these reasons, we believe that introducing MF at lunch could help workers to achieve a
better psychological detachment experience that facilitates resource recovery by “switching off”
mental representations of work that keep psychophysiological systems activated (Sonnentag &

Fritz, 2007).

Physical activities are also assumed to improve psychological detachment for several
reasons (Feuerhahn et al., 2014). First, people tend to concentrate hard on form and movement
during workouts; hence they become absorbed, leaving little room to work on problems (Sonnentag
et al., 2014). More specifically, high-intensity physical activity can facilitate psychological
detachment experiences by inhibiting task-related rumination. In contrast, moderate-intensity
physical activity does not inhibit rumination but does improve energetic arousal (van Hooff et al.,
2019). That could explain the failure to observe any positive association between low-intensity
physical activities like walking and recovery (Calderwood et al., 2020). Hoover et al. (2022)
recently showed that a break used for 15-min of exercise on a stationary bike resulted in higher
energy levels than a 15-min relaxation break, while relaxation breaks resulted in higher detachment

than a physical activity break.

Keeping in mind that it is not only what is done but also where, secondly, we also want to
take into account studies that have confirmed that PE practice outside the office, like gyms or
natural environments, may produce feelings of ‘getting away from work’ (Sianoja et al., 2018). For

this reason, and in contrast to studies that analyze the effects of low-intensity stretching exercises in



the same workplace (e.g., Scharf & Tilp, 2023), we have preferred to analyze the effects of going
outside and performing a short but intense exercise (reaching 140-160 heartbeats per minute) in
order to observe if an optimal level of psychological detachment is reached. Consequently, our

hypotheses are as follows:

Hypothesis 2: MF at lunchtime is related to increased levels of psychological detachment
during lunch breaks in comparison to the CG (Hypothesis 2a); PE at lunchtime is associated
with increased levels of psychological detachment during lunch breaks in comparison to the

CG (Hypothesis 2b).

Effects on daily sleep quality

Sleep plays a particularly prominent role in the research on recovery from work (Demerouti
et al., 2009). A study by Cropley et al. (2006) observed that the inability to stop thinking about
work issues during time away was associated with more sleep problems. In this way, some authors
(Sonnentag & Geurts, 2009) have affirmed that off-job recovery activity that promotes recovery
should improve sleep quality. On the contrary, activities that hinder recovery should increase sleep
problems. Although most studies on recovery and sleep quality are based on external recovery
activities, some analysis has already observed how well utilized breaks during the working day
provoked positive effects before going to sleep (Virtanen et al., 2021). In general, Sonnentag (2018)
observed how person-directed recovery strategies developed by companies during the workday
affect sleep quality. Here is a short summary of what some of the literature says about the effects of

specific activities such as MF or PE on sleep quality.

The effects of MF on sleep quality have been considered in studies specifically designed to
highlight the role of MF in recuperation and enhanced sleep quality in adults (Ong et al., 2012;

Michel et al., 2021). According to reported findings, it is likely that two mechanisms underlie the



relationship between MF and sleep quality in non-clinical populations. First, an abatement of
rumination on the day's event may facilitate sleep and improve sleep quality (Querstret et al., 2016).
Second, difficulties falling asleep are often preceded by rigid attempts to control the sleep process
(Wolever et al., 2012). Trying to control sleep increases cognitive activity, which hinders sleep. By
promoting a non-judgmental attitude towards the present experience (not being able to fall asleep),
individuals can better let go and fall asleep naturally (Rusch et al., 2019). Thus, through self-
regulatory processes, including attention regulation, MF may facilitate successful sleep (Hiilsheger
et al., 2018). However, we have not found studies analyzing the specific effects of MF during lunch
breaks on the quality of sleep at night. We anticipate that the effects at the beginning will not be

significant, but once the practice of MF has been internalized, it may improve sleep quality.

Previous studies have reported that regular exercise improves sleep quality (Kredlow et al.,
2015). Since PE is a physically demanding activity and requires physical recovery in itself, it is
widely assumed that sleep is a behavior that aids physical recovery (Ndgel & Sonnentag, 2013).
Between different forms of physical activity, medical researchers have emphasized that moderate-
to-vigorous physical activity (MVPA) is relevant to unlocking positive outcomes stemming from
being active (Chomistek et al., 2017). Calderwood et al. (2020) recently observed that daily MVPA
is positively associated with leisure-time psychological detachment, which predicted longer sleep
duration that undermined next-morning depletion. Along the same line, Skarpsno et al. (2020)
observed that there was no apparent modifying effect of low physical activity in workers who
experienced excessive work-related fatigue and risk of insomnia. Although we have not found
studies analyzing the effects of a short, intense PE session performed daily during work breaks, we
expect the effects to be similar to those of exercise performed outside working hours. Based on

these rationales, we propose the following hypotheses:
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Hypothesis 3: MF during lunch breaks is associated with better sleep quality in comparison
to the CG (Hypothesis 3a); PE during lunch breaks is associated with better sleep quality in

comparison to the CG (Hypothesis 3b).

Effects on daily stress symptoms

Stress is a natural health risk which triggers headaches, increased heart rate, emotional
instability, anxiety, depression, and cognitive problems (Schneiderman et al., 2005). Work-related
stress is associated with decreased productivity, increased absenteeism, work accidents, and poor
performance (Wolever et al., 2012). Some studies have considered the lunch break a time for active

recovery activities with significant effects of reduced work stress (Diaz-Silveira et al., 2020).

Richardson and Rothstein (2008) conducted a meta-analysis to determine the effectiveness
of stress management interventions in occupational settings, including 63 experimental studies,
which concluded that relaxation and meditation techniques were the most popular individual
interventions—with an average intervention length of 6.5 weeks and weekly 1 to 2-h sessions, and
with an average effect size of 0.50 (Cohen’s d). Chong et al. (2020) later observed that MF as a
workday respite activity is negatively related to work stress and emotional exhaustion. As regards to
MF, it seems that attention to the present moment is generally associated with a series of
psychological benefits, including lower levels of daily stress and anxiety (Vonderlin et al., 2020).
Job-related stressors may not be present during leisure time, but they are still latent in the form of
worries and preoccupation with work issues. Thus, when individuals learn to disengage
psychologically, they become more able to rest from work-related demands and recover mental

energy.

Regarding PE, its effectiveness in reducing stress and other related symptoms has been
convincingly proven (Archer et al., 2011). Although PE has not yet been fully integrated into

general mental health treatment, it has been observed that more and more organizations are
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promoting exercise to reduce work stress in their occupational health interventions (Vella et al.,
2023). As reported in a meta-analysis by Conn et al. (2009), not only have workers in the studies
found a way to exercise at the workplace, but also it has been observed that workplace physical
activity interventions can reduce general stress levels (moderate effect of d = .33). Thus, there are
some studies on where to practice PE, but little is known about the optimal time to do it in order to
minimize stress symptoms. People are less likely to practice PE after a stressful day at work
because daily stress symptoms have probably already consumed most of the worker’s energy.
However, in the middle of the day, workers still have enough energy to carry out a session of PE to

reduce the effects of stress. Based on these rationales, we propose the following hypotheses:

Hypothesis 4: MF at lunchtime is related to lower levels of daily stress symptoms in
comparison to the CG (Hypothesis 4a); PE at lunchtime is associated with lower daily stress

symptoms in comparison to the CG (Hypothesis 4b).

Effects on attention difficulty

Previous studies have found that regular breaks at work (i. e. going for a coffee or lunch
with colleagues) help maintain concentration (Krajewski et al., 2010). Furthermore, studies on
specific interventions for recovery have found even better associations between breaks with a
recovery activity, e.g., relaxation exercises and physical activity, and self-reported concentration
(Sianoja et al., 2018). In particular, it has been observed that MF could be an effective recovery
activity for improving attention since it is an exercise in attentiveness (Vonderlin et al., 2020).
Thus, some studies have observed improvements in different attentional processes from even brief
MF exercises. In particular, some trials suggest that MBI may improve attention control on the task
(Choi et al., 2022) and selective and executive functions like detachment and behavior regulation
(de Bruin et al.,, 2016). In response to such findings, organizations interested in boosting the

attention capacity of their employees have begun to offer attention control training using MF
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techniques. Taking into account that most of these studies on attention analyze the effects of an
MBI with a determined duration, we are more interested in knowing the effects of the practice
included in a personal routine and prolonged in time. For this reason, we are interested in observing
whether practicing MF at lunch helps reduce attention difficulties after lunch since we have not

found any studies on this issue.

Concerning PE, studies like Voss et al. (2013) have observed that its practice could also
affect attention, improving performance in various tasks involving attention and memory. Meta-
analytic results suggest that the positive influence of PE on cognition appears mainly in tasks that
require close attention and intense activation of executive functions (McMorris et al., 2018). These
functions imply higher-order cognitive capacities involving multiple facets such as planning,
rationalization, programming, and initiation (Pontifex et al., 2009). However, the studies we have
found in the workplace context (e.g., Krajewski et al., 2010; Riedl et al., 2023; Sianoja et al., 2018),
analyze the effects of physical activity, and have not looked at PE, which entails a higher intensity
of effort. In the same sense, we have only found studies of concise duration (<10 min) in which no
significant effects on attention were observed (Bennet et al., 2020). Thus, higher intensity and more
extended PE activity may achieve better results regarding attention at work after lunch than in

studies with physical activity interventions. For this goal, we propose the following hypotheses:

Hypothesis 5: MF at lunchtime is associated with a reduction in attention difficulty during
the working day in comparison to the CG (Hypothesis 5a); PE at lunchtime is associated
with a reduction in attention difficulty during the working day in comparison to the CG

(Hypothesis 5b).

Method

Design and participants
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To test out hypotheses, we conducted a three-arm RCT with daily measures. There were two
active groups (MF and PE) and an inactive group (CG). The intervention lasted 22 working days,
during which participants practiced 15-30 minutes of MF or PE on their lunch break (before lunch).
Each day, just at the end of the workday, the participants answered five questions through a mobile
App. In addition, each day they recorded on a personal record sheet whether they had done the

practice and for how long (Table 2).

Participants in this study were employees at the headquarters of two large multinational
corporations in the service sector. We chose them because of the availability of a free gym and
showers and their flexible lunch break time (up to 90 min). Given this flexible schedule, we asked
workers before conducting the RCT what they usually do during their lunch break through a
question with several response options. The results reported that most (51.4%) typically go out and
have lunch with their colleagues at the company canteen or a nearby restaurant. Other employees
take advantage of their break to eat something light in front of the computer and move forward with
work (13.9%) or to carry out personal tasks (12.5%). Only some workers took the opportunity to

carry out any active rest activity (6.9%).

Each company's human resources department helped us select and contact employees with
similar characteristics in terms of type of contract (full-time, not part-time) and position within the
company (intermediate). For the intervention, we first recruited 123 workers with similar schedules
(9-18h.) and level of responsibility (medium level) within these companies. Secondly, we screened
workers according to inclusion criteria - not being a regular MF or PE practitioner- and exclusion
criteria - to be free of any severe physical or mental pathology. Finally, a total of 94 participants
were selected and randomly allocated to the MF group (n = 30), PE group (n = 30), and control

group (n = 34). Women made up 67%, and the average age was 46.8 years (SD = 6.3).
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The intervention lasted five weeks, during which it increased its duration by 5 minutes (see
Table 1). Before the intervention, participants received a 4-hour training course. During the
intervention, both groups practiced each Monday on-site with their respective instructors. They
practiced individually for the rest of the work week through audio and written guidelines. All of
them were in constant contact with their instructor via e-mail. The MF group only practiced the
sitting meditations from the Mindfulness-Based Stress Reduction program (MBSR, Jon Kabat-Zinn,
1980), adjusted to the time of our intervention. The MF training was given by a certified MBSR
instructor who carried out seated meditations only (see in Table 1 the content of MBSR sitting
meditations). The other MBSR exercises, such as the bodyscan, were not carried out, since what we
wanted to measure were exclusively the effects of sitting meditation. Participants in the PE group
practiced aerobic physical exercise at a moderate to high intensity (between 120 and 140 beats per
minute). A certified exercise instructor also supervised the practice. Each working day, they could
choose between exercising at the company gym (elliptical bike, rowing machine, treadmill, or
exercise bike), or running in a park close to the workplace, always following the time and intensity
guidelines. Each participant filled in a daily registration sheet (see Table 2) stating whether they had
done the practice. At the end of the intervention, only n = 5 in MF and n =9 in the PE group did not

achieve the cut off of 70% completion of the intervention (see Consort diagram in Fig. 1 Suppl.).

Insert here Table 1

Insert here Table 2

Measures

There is abundant evidence in health psychology research on the use and psychometric

properties of single-item measures of daily fatigue (Van Hoff et al., 2007), such a sleep (Sonnentag
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& Binnewiess, 2013), stress (Houdmont et al., 2019), and attention difficulty (Fisher et al., 2015).
The participants answered five items using a 5-point Likert scale upon finishing each workday over
twenty-two days using a mobile App specifically developed for the study (see Figure 2 Suppl.).

These items were as follows:

Daily fatigue was measured via the single item proposed by Van Hoff et al. (2007) and De
Bloom et al. (2011), with a slight modification to specify the timing of the response. The item was
‘How fatigued do you feel now at the end of your working day?’ (1 = not fatigued at all; 5 = totally

fatigued).

The daily psychological detachment was assessed using a single item taken from the
Recovery Experience Questionnaire (Sonnentag & Fritz, 2007) adapted to the timing of the
recovery experience, as described in de Bloom et al. (2014). The item was ‘I distance myself from

my work during the lunch break’ (1 = not distanced at all; 5 = distanced).

Daily sleep quality was measured with a single item from the Pittsburgh Sleep Quality Index
(Buysse et al., 1989) adapted for daily evaluations as in similar prior studies (Sonnentag et al.,
2008). The item was ‘How do you evaluate last night’s sleep?’ (1 = terrible sleep quality; 5 =

perfect sleep quality).

Daily stress symptoms were assessed using a single-item instrument proposed by Elo et al.
(2003). The item was ‘Stress means a situation in which a person feels tense, restless, nervous or
anxious or cannot sleep at night because his/her mind is always troubled. Do you feel this kind of

stress today?’ (1 = not stressed at all; 5 = totally stressed).

Daily attention difficulty was measured using item no. 18 of the Five Facet Mindfulness
Questionnaire (FFMQ—Baer et al., 2008), translated and validated in Spanish by Coo and
Salanova (2016). The item was ‘I find it challenging to stay focused on what is happening in the

present moment (1 = not challenging to stay focused at all; 5 = complicated to stay focused).
16



Data analysis

We followed the procedure proposed by Bliese and Ployhart (2002) and Ruiz et al. (2010)
for each dependent variable. The relationship between the fixed effects of the time factor and the
dependent variable was then modeled using a linear function, progressing to quadratic and cubic
relationships by including power polynomials. Next, interaction terms between the time factor and
the group were added to the model for each type of function. The assumptions adopted were tested

using an intention-to-treat (ITT) analysis using growth curves in a multilevel statistical model.

To simplify the statistical process, given the presence of three intervention groups, we
included these factors based on a paired comparison procedure, correcting for bias where more than
one significant effect was found using the Holm-Bonferroni sequential method (Holm, 1979). The
adjustment degree for each model was calculated based on a computation of deviance (-2LL), the
Akaike Information Criterion (AIC), and the Bayesian Information Criterion (BIC). The
hierarchical structure of the multilevel models calculated includes the time factor as level 1, nested
in the participants, and the group factor as level 2. The hypotheses were tested by analysis of the
simple gradients for those interactions found to be significant (Preacher et al., 2006), which allowed

us to evaluate the effects of each treatment independently over time.

Results

Descriptive analysis and socio-demographic comparison of variables at baseline are presented in

Table 3.

Insert here Table 3

Daily perceived fatigue
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Tables 3 and 4 show the results of the analysis of growth curves for each dependent
variable, revealing a significant interaction group x time (linear function) in the comparison of the
MF-CG. The simple gradients analysis for this interaction shows significant effects in the MF group
(b=-.03; se =.01; ¢t =-4.30; p < .01), while the CG does not display any differential effects of this
magnitude (b =-.01; se = .01; ¢ = -.11; p = .99). Hence, Hypothesis 1a was supported. On the part
of the PE, significant group x time interaction (linear function) is found in the comparison PE-CG.
Moreover, analysis of the simple gradient effects reveals one significant result in the PE group (b =
-.02; se = .01; t = -3.30; p = .01), but there are none in the CG group (b =-.01; se = .01; ¢t = -0.23;

p = .82). As such, Hypothesis 1b was also supported (see Table 4 and Figure 1).

Insert about here Table 4 and Figure 1

Daily psychological detachment

According to the hypotheses for the psychological detachment variable, results exhibit a
significant interaction group x time (cubic function) in the comparison of the MF-CG group.
Analysis of the simple gradients shows one significant effect in the MF group (b =0.01; se = 0.01; ¢
= 2.00; p = .04) but none in the CG group (b = 0.01; se = 0.01; t = -0.46; p = .64). Thus,
Hypothesis 2a was supported. Related to PE, a significant interaction group x time (quadratic
function) in the PE-CG comparison (b = -4.56; se = 1.98; ¢t = -2.30; p = .02, 95% CI (-8.44, -0.67)
is found. However, the analysis of the simple gradient shows no significant effects in either the PE
(b =-0.01; se = 0.01; = -0.87; p = .39) or CG group (b = 0.01; se = 0.01; ¢t = -0.74; p = .46).

Nevertheless, we can confirm that Hypothesis 2b was supported (see Table 4 and Figure 1).

Daily sleep quality

Adjustment of the growth curves model for the sleep quality variable in the interaction terms

produced details comparing the PE-CG with the linear function. The simple gradients analysis
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displays one significant effect in the PE group (b = 0.02; se = 0.01; ¢t = 2.26; p = .0), while the CG
group does not display any differential effects (b = -0.01; se = 0.01; ¢ = -1.16; p = .25). No
statistically significant differences were found in the comparison MF-CG. Accordingly, Hypothesis

3a was rejected, and Hypothesis 3b was supported (see Table 4 and Figure 1).

Daily stress symptoms

To test the hypothesis regarding changes in daily stress symptoms, we opted to hold back
the linear trajectory to analyze the simple effects because the time factor slope in the linear
trajectory was found to progress through the previous models significantly. In this regard, the MF
group displays significant effects over time (b = -0.03; se = 0.01; £ = -4.11; p < .01), but the CG
group does not (b = -0.01; se = 0.01; t = -0.66; p = .51). The final adjusted model exhibits
significant effects for the interaction terms in the MF-CG comparison with the linear function and
quadratic function. Thus, Hypothesis 4a was supported. On the part of PE significant interaction
effects are found in the PE-CG comparison with the linear trajectory. The simple gradients analysis
for this interaction shows significant effects in the PE group (b = -0.04; se = 0.01; ¢ = -6.35; p <
.01), while the CG group does not display any differential effects (b =-0.01; se = 0.01; ¢t = -0.80; p
= .42). These findings support Hypothesis 4b (see Table 5 and Figure 1).

Insert about here Table 5

Daily attention difficulty

Results were found to be significant interaction group x time (linear and quadratic function)
in the MF-CG comparison. The MF group displays significant simple gradients effects (b = -.03; se
=.01; ¢t = -3.83; p < .01), but CG group does not (b =-.01; se = .01; ¢t = -0.77; p = .44). For this
reason, Hypothesis 5a was supported. Regarding PE, results were significant interaction group x

time (linear and quadratic function) PE-CG comparison. Significant simple gradients effects were
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also found in the PE group (b = -.03; se = .01; ¢ = -4.18; p < .01), but there are none in the CG
group (b =-.01; se = .01; t = -0.83; p = .40). As such, Hypothesis 5b was also supported (see Table

5 and Figure 1). A summary of hypothesis confirmation is shown in Table 6.

Insert about here Table 6

Discussion

Given the importance of recovery as a prevention mechanism for mental health and the few
studies that analyze internal recovery during the lunch break, we conducted a three-arm RCT with
22 daily measures to observe the effects on recovery of only 15-30 minutes of daily PE or MF
practice before lunch. The results suggest that both activities may be effective concerning the daily
reduction of perceived fatigue, stress symptoms, and attention difficulty and as a means of
increasing psychological detachment. There were only different results regarding the effects on
sleep quality, which were only caused by PE but not by MF. Therefore, all our hypotheses are

confirmed, except for MF and sleep quality, as we will see below.
Theoretical implications

Our results are in line with previous studies that observed that training in MF and PE might
improve global mental health, including providing adaptive responses to stress (Baer et al., 2012;
Chong et al., 2020; De Bruin et al., 2016; Edward & Loprizi, 2018; Goldstein et al., 2020; Van der
Zwan et al., 2015). Furthermore, we have observed that there are more similarities than differences
in terms of the effects of the practices, even though one consists of an eminently cognitive practice
(MF) and the other an eminently physical practice (PE). This could be attributed to specific

common mechanisms, as we will see below.
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Previous empirical literature postulates that MF shares mechanisms with PE that influence
health (Demarzo et al., 2014; Goldin et al., 2012; Goldstein et al., 2018; Zgierska et al., 2013).
Regarding the specific positive effects generated through MF or PE for internal work recovery, we

consider that some shared mechanisms equally justify them.

First, we agree with Bosh et al. (2018) that considering that the activity is carried out within
the working day and at the company facilities (or surroundings), it may be more difficult for
workers to eliminate or reduce the mental demand of work tasks required for a successful recovery.
According to the Effort-Recovery Model (Meijman & Mulder, 1998), it might seem that the non-
separation in place and time would impair the necessary division between the moment of effort and
that of recovery. However, following our results, it appears that with only 15-30 minutes of
recovery activity, even during the working day and at the workplace, the mental distancing
mechanism is effectively activated, which is in line with other similar works on disconnection (e. g.
Chong et al., 2020; Edwards & Loprizi, 2018; Feuerhahn et al., 2014; Hiilsheger & Lang, 2014;

Van Hooff et al., 2019).

Secondly, both activities activate specific physiological processes that, although different,
may cause similar results in work recovery. According to Edward & Loprici (2018), a physiological
activation with PE revitalizes in the medium and long term, as opposed to increasing fatigue. For
their part, MF practitioners tend to have a greater awareness of what they are doing and how their
body responds, that is, a better self-regulation process that can result in possible better management
of energies and, consequently, a lower level of fatigue (Holzel et al., 2011). In this regard, our
findings are consistent both with the existing literature on the positive effects of PE as a means of
reducing fatigue (Bretland & Thorsteinsson, 2015) and with studies on the positive effects of MF on

fatigue (e.g., Rook & Zijlstra, 2006; Trougakos et al., 2014).
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Finally, following the line of scholars like Wang and Boros (2019), significant improvement
with PE is confirmed concerning sleep quality, but this is not the case with MF. Previous literature
states that MF can indeed help improve certain aspects of sleep (Hiilsheger et al., 2018; Ong et al.,
2012; and Rusch et al., 2019). We do not know the specific reasons as to why we did not obtain
significant results in our study with MF. It could be that the effects of a relatively short meditation,
performed in the middle of the day (and not in the afternoon as in most previous studies) and in the
workplace, may not have strong enough effects to last until the evening in people who have just
learned to meditate. In any case, it is essential to emphasize that the fact that MF did not
significantly improve sleep quality did not affect the other outcome variables improving
significantly in the MF group, given the possible relationship between sleep and fatigue, attention,

or stress.

Practical implications

Our findings have several practical implications for research on activities for recovery
during lunch breaks. Following the recovery paradox of Sabine Sonnentag (2018), our findings may
help, first, with the need to distinguish between the activities that are effective in work settings from
those that are not, and second, to know what are the main conditions that will help to make the
practice possible and efficient. Indeed, we can confirm that practicing a small amount of activity
during the lunch break is possible through the combined efforts of both the company and the
employee. Undoubtedly, an active employee's characteristics are relevant but sometimes they
require more support from the employer (Alcover, 2019). Excessive workload or rigidity
concerning break duration negatively affect the worker's ability to take a healthy break. If the
company provides the employee with some autonomy to manage their working day, that may

facilitate the practice of recovery activities and their consequent effects.
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Given that this study proposes not an organizational intervention guided by instructors over
a period of time but instead continued and self-managed practice by the worker, it would be
convenient for the company to provide a "quiet room" in the workplace for MF and a space to
exercise. If the office does not have the possibility of a room to exercise with showers, the option of
changing the PE for physical activity, such as climbing stairs or walking at a fast pace in a park,
could be considered. Observing the effects of aerobic PE versus physical activity performed during
the lunch break would be very interesting. For cases of remote work, it would be sufficient to use

videos/audio that are freely available on the internet to meditate or exercise at home.

We know that this time is usually reduced to 45-60 minutes in mostworkplaces. In these
cases, the practice should also be suitably reduced. A shorter practice's effects will not significantly
change if practiced at least 3 or 4 days a week. It is more important to maintain the frequency of

practice than to increase the amount of time spent on it (Amaro-Gahete et al., 2020).
Limitations and implications for future research

This study has some limitations that could be addressed in future research. The data in this
study are from self-reported evaluation measures, subject to biases such as social desirability.
Regarding the sample, our workers were exclusively Caucasian, well-educated, and relatively
healthy physically and psychologically, which limits the generalizability of the results. Regarding
measures, we did not register whether the activity performed was the preferred one. For this reason,
combining the rigor of an RCT framework with workers' choices as another dependent variable
would allow us to know whether choice makes a significant difference. Secondly, future research
should also include studies of mediation and moderation between daily variables. For example,

improved sleep quality could explain any reduction in daily fatigue levels.

Similarly, a decrease in daily stress symptoms could be mediated by increased psychological

detachment during lunchtime and better attention during the working day due to better sleep quality.
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Third, we also suggest researching the comparative effects of MF and PE both at the office and
remotely. It is interesting to know if psychological detachment from work may be more difficult in
the case of remote working or working from home than from the office (Toniolo-Barrios & Pitt,
2021). It will be interesting to compare the practice of MF and PE with other similar activities

during the lunch break, such as napping, yoga, and walks in the park.

To sum up, recuperation strategy research still faces a fair number of challenges, particularly
given the likely changes in working practices in the post-COVID world. Whatever the future of
work settings, this study underscores the need for work breaks and a realignment of this right with

changing working conditions in the XXI century.
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Table 1. Schedule and description of mindfulness and physical exercises.

WEEK TOTAL MINDFULNESS* PHYSICAL
LENGTH i EXERCISE
(sitting
meditation) (outdoor/indoor

cardio exercise)

1 15 min. Breathing. Warm-up,
cardiovascular

exercise* &

stretching.

2 20 min. Breathing and Warm-up,

body sensations. cardiovascular
exercise* &
stretching.

3 25 min. Breathing, body, Warm-up,
and hearing cardiovascular
sensations. exercise* &

stretching.

Breathing, body,
hearing

4 SQmir- sensations, and car\c/i\i/:\:?s:gfl)l,ar
thoughts/emotions exercise* &
awareness. .
stretching.
Breathing, body, Warm-up,
; hearing cardiovascular
5 30 min. sensations, and exercise* &
thoughts/emotions stretching.
awareness.

Note: Mindfulness exercises are sitting meditations of the MBSR program adapted to lunchtime.
Cardiovascular exercises consist of rowing, elliptical, stationary bike, or running (indoor or in a
park), at the participant's choice.



Table 2. Example of personal records sheet translated into English (original in Spanish).

RESEARCH ON RECOVERY STRATEGIES:
MINDFULNESS & PHYSICAL EXERCISE

PERSONAL RECORDS: OCTOBERI

Name and surname: ID code:
MONDAY TUESDAY WEDNESDAY | THURSDAY FRIDAY

2 3 4 5 6

15 min 15 min 15 min 15 min 15 min
9 10 11 12 (national holiday) 13

20 min 20 min 20 min 20 min
16 17 18 19 20

25 min 25 min 25 min 25 min 25 min
23 24 25 26 27

30 min 30 min 30 min 30 min 30 min
30 31

30 min 30 min ACCOMPLISHED | ACCOMPE

Note: In this registration sheet the participant wrote down

accomplished their practice (in green) or not (in red).

each day if they had
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Table 3. Descriptive Analysis and Socio-demographic Comparison of Variables at Baseline

Variables  MF (n = 30) PE (n =30) CG(n=34) Total (N=94)
M (SD) M (SD) M (SD) M (SD) F/p

Age 47.40 (3.84) 47.77 (5.16) 45.44 (8.66) 46.81 (6.37) F=126p=.29
Gender X*=2.01,p=.36
Female 23 (76.7%) 18 (60.0%) 22 (64.7%) 63 (67.0%)
Male 7 (23.3%) 12 (40.0%) 12 (35.3%) 31 (33.0%)
Fatigue 3.43 (.90) 3.24 (.74) 3.40 (1.04) 3.36 (.90) F=.02,p=.89
Detachment 3.00 (1.31) 4.11 (.83) 2.83(1.39) .3.30 (1.32) F=.24,p=.63
Sleep 3.03 (.87) 3.27 (1.05) 3.35 (.66) 3.22 (.87) F=203,p=.16
Stress

3.17 (1.03) 3.24 (.69) 2.90 (1.03) 3.17 (.94) F=3.78,p=.06
symptoms
Attention 2.72 (.80) 3.21 (1.11) 2.36 (1.10) 2.77 (1.06) F=1.65p=.20
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Table 4. Results of Final Growth Curve Models for Fatigue, Detachment, and Sleep Quality

Fatigue Detachment Sleep

Quality

MF - CG PE - CG MF - CG PE-CG MF - CG PE-CG

Fixed effects

Intercept 3.12* 3.17* 3.35* 3.93* 3.28* 3.36*
Time' -5.72* -4.09* 1.84 2.25 4.40 3.81*
Time? 0.64 -0.57 -3.70* 2.61 -3.38 0.58
Time® -0.86 -1.38 6.17* 1.91 1.46 1.22
Group 0.16 0.10 -0.30* -0.88* -0.02 -0.11
Group x Time' 5.77* 3.94* -3.78 -4.08 -5.47 -5.39*
Group x Time® -1.16 0.08 1.65 -4 56* 3.60 -0.89
Group x Time® 0.10 0.72 -6.62* -2.52 0.45 -0.11

Random effects

Intersection 0.49 0.39 0.53 0.60 0.01 0.48

Time ' 4.29 2.42 4.99 4.95 0.44 0.12

Time? 2.91 3.74 3.53 2.95 1.26 9.05

Time® 1.98 1.70 5.48 2.51 10.43 0.92

Residuals 0.75 0.74 0.96 0.88 1.74 1.28
Setting
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AIC 2306.05 2175.88 2784.23 2497.20 4141.64 3591.52

BIC 2402.62 2271.92 2881.25 2593.02 4240.23 3690.41

-2LL -1133.02  -1067.94 -1372.11 -1228.60  -2050.82 -1775.76

1 2

Linear function. Quadratic  function. * Cubic functon. * p < .0
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Table 5. Results of Final Growth Curve Models for Stress symptoms and Attention Difficulty

Stress-symptoms Attention
Difficulty
MF-CG PE-CG MF -CG PE-CG
Fixed effects
Intercept 277 2.73* 2.33* 2.46*
Time' -6.08* -8.78* -6.41* -6.65*
Time? 1.99 1.07 1.44 -1.68
Time® -2.24 -1.95 1.45 -2.68*
Group 0.19 0.23 0.09 -0.04
Group x Time' 5.07* 7.60* 5.04* 5.31*
Group x Time® -4.33* -3.31 -3.40* -3.75*
Group x Time® 1.25 1.28 -2.18 2.04
Fixed effects
Intersection 0.52 0.47 0.56 0.50
Time' 5.06 2.90 6.92 6.61
Time? 1.74 1.21 2.05 1.64
Time® 1.72 2.38 1.29 1.81
Residuals 0.86 0.86 0.71 0.72
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Setting

AIC 2499.30 2393.20 2246.93 2208.68
BIC 2595.68 2488.92 2343.42  2304.93
logLik 1229.65 -1176.60 -1103.47 -1084.34

! Linear function. > Quadratic function. * Cubic function. * p < .05
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Table 6. Summary of Hypothesis confirmation

Hypothesis Values Confirmati
on
(yes/no)

H1a. A daily practice of MF at lunchtime

is related to lower daily fatigue levels. b=-03;se=.01: t =-4.30: p < .01 Yes

H1b. A daily practice of PE at lunchtime

is associated with lower levels of daily _ A o

fatigue b=-02;se=.01;t=-3.30; p = .01 Yes

H2a. MF at lunchtime is related to

increased levels of psychological _ L . .

detachment during lunch breaks. bOZ 0.01; se =0.01;t=2.00; p = Yes

H2b. PE at lunchtime is associated with

increased levels of psychological _ o . AN

detachment during lunch breaks. bo; -4.56,56=1.98,t=-2.30,p = Yes

H3a. MF during lunch breaks is *

associated with better sleep quality. No

H3b. PE during lunch breaks is

associated with better sleep quality. b=0.02: se=0.01:t=2.26:p=.0 Yes

H4a. MF at lunchtime is related to lower

levels of daily stress symptoms. b=-0.03:se=001:t=-411p < Yes

.01
H4b. PE at lunchtime is associated with
lower daily stress symptoms. b =-0.04: se = 0.01: t = -6.35: p < Yes
.01

H5a. MF at lunchtime is associated with

reduced attention difficulty during the _ A .

working day. b=-03;se=.01;t=-3.83; p < .01 Yes

H5b. PE at lunchtime is associated with

reduced attention difficulty during the b=-03:se= .01 t=-418: p< .01 Yes

working day.

Note: In each hypothesis, the values have been compared with those of the control group. None of
the changes in the control group values were significant.
*Since no significant differences were found in these interaction factors, the simple effects analysis
was not performed. See Table 3
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Figure 1. Growth Curves Based on the Smoothed Conditional Means for Daily perceived
fatigue, Psychological Detachment, Sleep Quality, Stress symptoms, and Attention Difficulty.
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SUPPLEMENTARY MATERIAL

Assessed for eligibility (n=123)

Excluded (n=29)
+ Not meeting inclusion criteria
(n=29)

Randomized (n=94)

== : +

Allocated to mindfulness Allocated to physical Allocated to Wait-list
meditation (n= 30) exercise (n= 30) (n=34)
* Received allocated intervention * Received allocated intervention + Declined to
(n=30) (n=30) participate (n=8)
* Not enough practice (n=5) * Not enough practice (n=9)
| Post-test l l l
Missed Post-test Missed Post-test Missed Post-test
measurements (n=3) measurements (n=4) measurements (n=2)
| Follow-Up 1 I l l
Missed follow-up 1 Missed follow-up 1 Missed follow-up 1
measurements (n=2) measurements (n=3) measurements (n=4)
| Follow-Up 2 I l l l
Missed follow-up Missed follow-up Missed follow-up
measurements (n=4) measurements (n=5) measurements (n=6)
| Analysis l l l
Analysed (n=25) Analysed (n=21) Analysed (n=26)

Fig 1 Suppl. CONSORT diagram of the RCT.



LOGO DE LA APP Y PREGUNTAS SOBRE DATOS SOCIODEMOGRAFICOS

4. Estado Qwuil:
Graduado escolar (EGB,
S0, FP1, Grado medo) 7. Tipo de contrato laboral:
Estudios secundarios (BUP,
En pareja estable COU, FP I, Grado superion) Contrato indefinido
Soitercs Estudios universitarios
(Licendado/a, Graduada/a) Orm"m termporal més de 6
2 Sexo Master
Separada/a 0 Divordada/o Contrato tesmporal menos de
Havtxe 6 meses
Muyer Vudo/a Ques
Qros
o 5. Situacdn de cormvenda: 8. Promedio de horas diarias de trabajo (sin
contar la comida):
3 Edact Wvo sdlofa 7. Tipo de contrato laboral: ais
Convivo con la pargja
4. Estaco Owil: 8horas
Casado/a Corvivo con mi pareja e e F( irin e o
o hijos/as Entre 6y 8 horas
porgja estable o ‘ (ezxmumm!numa
Menos de 6 horas

Corvivo con amigos

Fig 2.a Suppl. Screenshots of the ERIC App interface with socio-economic questions. This

is the English translation of the items initially written in Spanish. The translation is as follows: 1.
Personal code; 2. Sex (Male, Female, Other); 3. Age; 4. Marital status (Married, In stable
relationship, Single, Divorced, Widowed); 5. Type of work contract (Permanent, Temporary,
Temporary < 6 months, Temporary > 6 months, Other); 8. Average hours of work per day

(excluding lunch) (More than 8 hours, 8 hours, between 6-8 hours, less than 6 hours).
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ITEMS DIARIOS

Questionario
1¢ nivel de cansancio siente ahora
qfe%ﬁizawmamunan 3. ¢Qué tal durmi6 la pasada noche? 2 (Un poco)
1 (Nada) 1 (Nada)
3 (Medianamente)
2 2 (Un poco)
Sk 4 (Bastante)
3 (Medianamente) 3 (Medianamente)
) 5 (Mucho)
4 (Bastante) 4 (Bastante)
5. Hoy me ha resitado dificil estar atento/a
aloque ami atencion en cada
5 (Mucho) 5 (Mucho) requeri
2 Durante la pausa para la corrida he sido 4. Sefiele en qué medida hoy se ha sentido H(hecle)
capaz de distanciarme mentalmente del estresado/a, tenso/a, nenvioso/a o
trabajo. ansioso/a. 2 (Un poco)
1 (Nada) 1 (Nada)
3 (Medianamente)
2 2 (Un poco)
(Un poco) . )
3 (Medianamente)
5 (Mucho)

4 (Bastante)

Fig 2.b Suppl. Screenshots of the ERIC App interface with daily items. This is the English
translation of the items initially written in Spanish. 1. ‘How fatigued do you feel now at the end of
your working day?’ (1 = not fatigued at all; 5 = totally fatigued); 2. ‘I distance myself from my
work during the lunch break’ (1 = not distanced at all; 5 = distanced); 3. ‘How do you evaluate last
night’s sleep?’ (1 = terrible sleep quality; 5 = perfect sleep quality); 4. ‘Stress means a situation in
which a person feels tense, restless, nervous, or anxious or cannot sleep at night because his/her
mind is always troubled. Do you feel this kind of stress today?’ (1 = not stressed at all; 5 = totally
stressed); ‘I find it challenging to stay focused on what is happening in the present moment (1 = not

challenging to stay focused at all; 5 = complicated to stay focused).
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