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Abstract
Executive dysfunction appears to be related to increasedBackground: 

recidivism. Of note is that sleep disturbances, which are highly prevalent in
prisons, may attenuate executive functions. Thus, improving executive
functions, either directly or indirectly through the improvement of sleep, may
reduce recidivism. It is hypothesised that physical exercise, in the form of
Running Therapy, has a direct positive effect on executive functions as well as
an indirect effect through the improvement of sleep.

Seventy two (N = 72) detainees in various penitentiaryMethods/Design: 
institutions in the Netherlands will be recruited in this study. A baseline
measurement, including six neuropsychological tests of the Cambridge
Neuropsychological Test Automated Battery (CANTAB), an assessment of
sleep quality and duration using the Actiwatch (Actiwatch 2, Philips
Respironics, Murrysville, PA, USA) and various other measurements will be
administered before the start of the treatment. After 3 months of Running
Therapy, participants will be assessed again with the same tests for
neuropsychological and physical functioning. Primary outcomes are executive
functioning and various sleep variables.

This study will be the first to investigate the possible influence ofDiscussion: 
Running Therapy on the cognitive functioning, sleep and aggression in
prisoners.
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Background
International studies report that 35 to 67 percent of released pris-
oners are detained for reoffending within approximately 2 to 3 
years1–4. These percentages show that the reduction of recidivism is 
of great importance to society, since crime carries a great (financial) 
burden5.

The risk of reoffending appears to be negatively related to execu-
tive functioning6–8. Executive functions are higher order cognitive 
functions including planning, working memory, taking initiatives, 
set-shifting, attention, and impulse control9,10, and are crucial for 
self-regulation11. Planning and goal-directed behaviour are essential 
for successful re-entry into society, as ex-prisoners face complex 
challenges such as finding housing and employment12. Another 
important executive function is impulse control, which enables us to 
regulate and suppress aggressive behaviour, for example9; reduced 
impulse control thus increases the risk of aggressive behaviour.

Executive functions may be improved by physical activity13,14. For 
example, brisk walking was found to improve impulse control in 
older adults14. An increase in impulse control after participation 
in a physical activity programme is quite a consistent finding13,15,16 
and appears especially effective in sedentary people13. Prison 
life consists mostly of passive leisure activities such as watching 
television17, and physical inactivity is a hallmark of prison life in 
various countries18–21. So, a large percentage of the prison popula-
tion has a sedentary lifestyle.

Closely related to both executive functioning and physical 
(in)activity is sleep. Sleep disturbances may diminish execu-
tive functioning22, while increased physical activity may improve 
sleep23,24. Sleep disturbances are highly common in prison and are 
responsible for a relatively large part of prison health care use25,26.

Besides sleep disturbances, various psychiatric disorders are also 
highly prevalent in prisons, such as depression27, anxiety disorders 
and ADHD28–30. These psychiatric disorders may also negatively 
affect sleep31. Exercise, e.g. Running Therapy, may indeed reduce 
symptoms of depression and anxiety32 and behavioural symptoms 
of ADHD33,34.

In sum, physical activity may positively influence executive func-
tions directly, but also indirectly, through improved sleep. We there-
fore hypothesize that physical exercise, in the form of supervised 
Running Therapy, will improve executive functioning and sleep, 
and will reduce aggression in prisoners. Although a randomized 
controlled trial (RCT) would be the best option to test this hypoth-
esis, our current study could be considered a pilot behavioural inter-
vention trial. Conducting an RCT directly is not possible, as the 
participating prisons were currently not willing to withhold treat-
ment for some prisoners (i.e. the control group). However, this pilot 
study may eventually lead to an opportunity to conduct an RCT.

Methods and analysis
Study design
This study concerns a prospective cohort study, measuring neu-
ropsychological performance and sleep of detainees before 
and after receiving 3 months of Running Therapy. No further 

experimental intervention will take place, and this study does not 
interfere with or alter daily programs, treatments or any other envi-
ronmental factors.

Participants
Prisoners (male adults) of two Penitentiary Institutions in the 
Netherlands (i.e. PI Leeuwarden and PI Ter Apel) that are referred 
to Running Therapy by the psycho-medical staff will be recruited 
in this study. Various complaints or disorders may result in refer-
ral to Running Therapy, e.g. ADHD, sleep disturbances, anxiety 
disorders and depression. All participants in Running Therapy who 
speak sufficient Dutch or English will be approached and asked to 
participate in this study. In addition, we will attempt to approach 
those who do not speak Dutch or English by using a translation 
phone service often used in Penitentiary Institutions by the psycho-
medical staff. As we are not allowed to interfere with daily practice 
in prison, participants will continue to receive treatment-as-usual 
from the prison care, which may entail changes in drug regimen or 
participation in other interventions. Participants may be excluded 
from Running Therapy when they sustain an injury or when they 
behave aggressively. Such decisions are made by the running thera-
pist in concordance with the prison staff.

Intervention
Running therapy is already part of the regular care in the Peniten-
tiary Institutions where this study will be conducted. Prisoners are 
referred to Running Therapy by the psycho-medical staff, which 
consists of the psychologist, psychiatrist, physician and nursing 
staff. Of note is that this study does not make any modifications to 
the Running Therapy, and studies the intervention as is.

Running Therapy. This aerobic exercise group-therapy consists of 
supervised running for 2 days per week and 1 day per week of unsu-
pervised running. During the therapy, the therapist encourages par-
ticipants to run at a moderate pace and keeps track of the goals and 
sub-goals of the participants. The main goal of the therapy is to be 
able to run consecutively for 30 minutes at a moderate pace, three 
times per week, which will be achieved after 15 weeks of Running 
Therapy (see Appendix A for the complete program). Of note is that 
the therapy does not solely consist of running, but also contains a 
social aspect (running in a group, talking with participants or the 
therapist) and a reward aspect (achieving sub goals).

Setting
The Running Therapy is currently offered in two Penitentiary Insti-
tutions in the Netherlands, PI Ter Apel and PI Leeuwarden, and the 
study will take place in both these institutions.

Measurements and procedures
Participants will undergo two measurements: a baseline measure-
ment before starting with Running Therapy and a post measurement 
after 3 months of Running Therapy. The baseline measurement 
takes place over a single day and will take approximately 90 min-
utes in total. At the baseline measurement, anamnesis takes place 
and the participant will be assessed with a neuropsychological test 
battery, the Cambridge Neuropsychological Test Automated Bat-
tery (CANTAB). In addition, participants are given four question-
naires (see “Secondary Outcome Measures” for more information) 
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to fill out in their own time, and are instructed to bring these with 
them to the first day of Running Therapy. Optionally, an Actiwatch 
(Actiwatch 2, Philips Respironics, Murrysville, PA, USA) will be 
handed to the participant, which will be worn for 7 consecutive 
days (for more information about the Actiwatch, refer to “Primary 
outcome measures – Sleep”.

After three months of participating in Running Therapy, the par-
ticipant will undergo the same tests as taken when assessing the 
baseline measurement. The four questionnaires and the Actiwatch 
will again be handed out to the participant.

According to the policy of the Dutch Custodial Institutions Agency 
(DJI), we are not allowed to provide the participant with an incen-
tive. However, the measurements will be planned during the 
moments in which participants are usually spending time in their 
cell. We have experienced that prisoners regard the measurements 
as a welcome change.

Primary outcome measures
Executive functions
The CANTAB35 is a computerised neuropsychological test battery 
and is used to assess the executive functions of the participants. A 
12.1 inch touchscreen tablet is used to administer the test. In two 
tests, a two-buttoned press pad is used. Few studies have assessed 
the reliability and validity of the CANTAB. One older study, that 
included some, but not all tests included in the current study, 
showed that test-retest correlations are above 0.6 for most of the 
subtests36. The main reason that we chose this battery is a prac-
tical one; neuropsychologically testing a prisoner can sometimes 
be logistically challenging. Using this highly portable test battery, 
that can be used in any room with a table and two chairs, provides 
us with the necessary flexibility to test participants anywhere the 
prison staff wants us to.

The following six CANTAB tests will be administered.

SOC. Stockings of Cambridge measures planning, and is similar to 
the commonly used Tower of London (TOL). The main outcome 
measure is the number of problems solved in the minimum number 
of moves.

SWM. Spatial Working Memory measures the ability to retain and 
manipulate information in the working memory and heuristic strat-
egy. The main outcome measure is total number of errors made.

SST. The Stop Signal Task measures response inhibition. The main 
outcome measure is SSRT, which is calculated by subtracting the 
mean stop-signal delay (the time between the stimulus and the 
beep) from the median go reaction time (the median response time 
on trials without a beep).

IED. Intra-Extra Dimensional Set-Shift measures set-shifting and 
is similar to the commonly used Wisconsin Card Sorting Test. The 
main outcome measure is the total number of errors (adjusted for 
the number of trials conducted).

CRT. Choice Reaction Time is a simple reaction time assessment 
and is used to measure reaction time and attention. The main 

outcome measures are mean reaction time, and the difference in 
mean reaction time between the second and the first half.

CGT. The Cambridge Gambling Task measures decision-making 
impulsivity and risk-taking behaviour. The main outcome variables 
are measures of risk-taking, risk-adjustment, quality of decision 
making, delay aversion and overall proportion bet.

Sleep
Actiwatch. The Actiwatch AW2 (Respironics, Philips) will be used 
to measure the rest-activity rhythm, specifically sleep. Actiwatches 
are small activity monitors that are worn on the wrist, like a wrist-
watch, 24 hours a day. The Actiwatch gathers data by measuring the 
amount and intensity of movements made within every 5 seconds 
(which is the chosen epoch length). The Actiwatch stores the move-
ment data of each epoch separately, which is retrieved later using 
a reader connected to a PC. The device’s wristwatch-like design 
reduces physical discomfort to a minimum.

The Actiwatch provides information on the (in)stability of the 
rest-activity rhythm from one day to another (Inter-daily Stabil-
ity; IS), and on the fragmentation of the rest-activity rhythm within 
the day, i.e. changes from periods of rest to activity and vice versa 
(Intra-daily Variability; IV). It also indicates the difference between 
maximal activity and maximal rest (Relative Amplitude; RA), and 
provides data on the 10 most active hours (M10) and the 5 least 
active hours (L5; for detailed information about these measure-
ments, see the following references37,38).

Sleep analysis software (Philips Actiware 6.0.4, Respironics Inc.) 
will be used in order to analyse sleep. Sleep analysis will produce 
variables such as time spent in bed, sleep efficiency, sleep onset 
latency and total sleep duration.

Sleep-wake diary. Sleep-wake diaries are used to assess several 
events/activities such as time of medication use, use of caffeine/ 
nicotine, bed time, wake time and time spent exercising. The sleep-
wake diary is mainly used to improve the accuracy of sleep analysis.

Secondary outcome measures
SCL-90-R. The Symptom Checklist-90-Revised39 is used to assess 
a broad spectrum of complaints, such as pain, depression and hope-
lessness, and with the SCL-90-R, we are able to reliably assess clin-
ically significant change40. Test-retest correlations, for a 10-week 
interval, were found to range from r = .68 to .8041.

SDL. The Sleep Diagnosis List42 is a self-report questionnaire that 
consists of 75 statements related to sleep and symptoms of sleep 
disorders. It will be used as a subjective measure of sleep and to 
control for disorders associated with sleep disturbances. The SDL is 
based on the Sleep Diagnosis Questionnaire43,44 and has been vali-
dated in a large Dutch population with sleep disorders45.

PSQI. The Pittsburgh Sleep Quality Index46 is a commonly used 
self-report questionnaire and is used to assess e.g. sleep quality 
and sleep duration. Internal consistency of the PSQI ranges from 
0.70 to 0.80 (Cronbach’s alpha) and the PSQI is known to have a 
good construct validity47; PSQI scores are more highly correlated to 
sleep disturbances (r = .69 to .77) than to e.g. mood and depression 
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(r = .22 to .65). In patients with primary insomnia, the PSQI has 
been shown to have a high test-retest reliability, with r = 0.8748.

AVL. The Aggression Questionnaire49 is a self-report questionnaire 
that consists of 29 statements that are related to aggressive thoughts 
and behaviour. While internal consistency for the global aggression 
scale and three subcomponents are sufficient (Cronbach’s alpha > 0.7), 
the internal consistency of the verbal aggression subcomponent is 
insufficient (Cronbach’s alpha = 0.5). Test-retest correlations for all 
subcomponents and the total score are high, r > 0.76.

Activities. Participants are asked to provide an estimate of their par-
ticipation in activities such as sports, labour and outdoor time on a 
4-point Likert scale (never, sometimes, often, always). In addition, 
participants are asked to estimate the average hours per day spent 
on activities such as watching television and reading.

Demographic and control variables. At baseline, demographic vari-
ables such as age, level of education, type of crime, number of pre-
vious incarcerations and current medication use are gathered.

Statistical analysis
For the main research questions (i.e. does running therapy improve 
cognition and sleep?), a repeated measures AN(C)OVA will be con-
ducted for the results on the CANTAB and for the various sleep 
variables, comparing the baseline results with the post-measurement 
results. The main analyses will be conducted according to the 
intention-to-treat principle. Missing data will be imputed using the 
multiple imputation function as provided in SPSS 21 (IBM Corp, 
Armonk, NY, USA).

Sample size calculation
A sample size calculation was made using G*Power version 3.1.350. 
Since no similar studies have been conducted, the effect size was set 
small-to-moderate (f = 0.15). The lowest test-retest correlation of 
one of the used CANTAB tests was used as input for the correlation 
between repeated measures (r = 0.6).

In sum, effect size was set to f = 0.15, with an alpha error prob-
ability of p = 0.05, power of 1-β = 0.8, 1 group, 2 moments of 
measurement and correlation among repeated measures of r = 0.6. 
In G*Power, this resulted in a total sample size of N = 72.

Ethical and legal considerations
This study protocol has been reviewed by CERCO (Committee 
of Ethics in studies of Law and Criminology), the ethical com-
mittee of the faculty of Law at VU University, which declared it 
saw no objections to the study. In addition, the accredited medical 
ethical committee of the VU medical centre provided an official 
declaration (reference number 2014.399) that this study does not  
need further medical ethical approval, because of the low burden 
and non-medical non-interventional nature of the study (i.e. the 
intervention is already part of the institutional care and therefore 
requires no additional ethical approval). This study has been sub-
mitted for registration in the Dutch Trial Register (Nederlands Trial 
Register); the identification number will be made available in a 
revised version of this article.

Information letters and Informed Consent forms will be translated 
in various languages, to ensure that participants can read them 
in their own language. Data will be coded using a chronological 
number in combination with an identifier for the institution; the first 
participant in PI Ter Apel, for example, will be coded as “TA_001”. 
All non-anonymous data, such as the Informed Consent forms will 
be stored in the Penitentiary Institutions, as required by the regula-
tions of the Custodial Institutions Agency (DJI). Anonymous data 
will be stored and analysed at the VU University Amsterdam. Any 
researcher who works with the participants (i.e. any researcher who 
could violate the privacy of the participants) is obliged to sign a 
confidentiality agreement, as required by the regulations of DJI. 
Students of VU University who will work on this dataset, for exam-
ple for a thesis project, are required to sign a confidentiality agree-
ment provided by VU University.

Access to data
The researchers of this study, as well as their students working on 
this project, will have unlimited access to the dataset. The data-
set will be made available to colleagues and peer-reviewers upon 
request; official approval of DJI may be required beforehand. 
Variables containing sensitive information may be removed before 
sharing the dataset, such as date of birth. Participants will not be 
allowed to see the final data.

Dissemination
This study will be finished in the second half of 2016, and the results 
will be published in international peer reviewed scientific journals.

Discussion
The main purpose of this study will be to investigate the influence 
of Running Therapy on executive functioning, sleep and aggression 
of prisoners. To our knowledge, this will be the first study of its kind 
in a prison population, which may provide results that are relevant 
to prison administrations, policymakers, and prison clinicians.

Different aspects of Running Therapy may have a positive influence 
on the prisoner population. Firstly, regular exercise may positively 
influence executive functions, in particular impulse control13,14, 
which could be of importance in reducing recidivism. Secondly, 
acute bouts of exercise may also improve executive functions such 
as attention, memory, reasoning and planning15,51, also making 
Running Therapy of added value in the short term. For example, it 
may be useful to plan Running Therapy sessions right before other 
activities or therapy sessions to improve attentional performance 
and increase participation of the prisoners. Furthermore, although 
investigating the influence of Running Therapy on depressive 
symptoms is a secondary objective of the current study, Running 
Therapy may have significant clinical impact on these symptoms 
as well. In general, aerobic exercise has a small-to-moderate effect 
on depressive symptoms32,52, which could improve cognition, sleep, 
and general well-being.

As antisocial personality disorder is highly prevalent in prison 
(65%)53, this study may also be the first to examine the effects 
of exercise on the cognition of people with antisocial personality 
disorder. As impulsivity and/or failure to plan ahead is a clinical 
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hallmark of these patients54, improving executive functions such as 
impulse control or planning may be of added value in treatment.

Studying an intervention such as Running Therapy in prison comes 
with challenges and considerable limitations. One such limitation 
is that it we will be conducting a Phase I/II study instead of an 
RCT, as the participating prisons were not ready to directly allow 
an RCT. A follow-up RCT would be needed to confirm any positive 
results. Another limitation is that rewards for participation are not 
allowed, making it more challenging for us to recruit participants. 
An example of a logistic issue is the difficulty in planning a meet-
ing with a participant with sufficient time to administer all the tests 
and questionnaires. Our solution is to ask participants to fill out a 
number of the questionnaires in their own time and bring these with 
them to therapy a week later, which might result in a somewhat 
lower compliance rate for these questionnaires. Another limitation 
concerns the use of actigraphy to measure sleep. Polysomnography 
is considered the gold standard in sleep research, with actigraphy 
being the second most valid method. However, as it not within our 
possibilities to temporarily transport all the participants to a sleep 
research lab for polysomnographic research, for this study, we con-
sider actigraphy to be the most suitable and valid method; a clear 
advantage of actigraphy is the possibility to study the participants 
in the environment they reside in. One limitation of actigraphy is 
that we know from previous experience in prison, a number of the 
participants choose not to wear the Actiwatch, as they fear it might 
affect their social status with their fellow inmates. These limitations 
are examples of the challenges one faces when conducting research 
in a prison environment. In our view, however, prisoners are an 
important population with great impact on society, and research-
ers should not be discouraged to conduct research in this setting. 
Instead, we should try to build expertise conducting research in this 
particular environment, and hopefully, the results of our study will 

help to pave the way to the possibility to conduct RCTs in prison 
in the future.

In sum, if the results are indeed in accordance with our hypotheses, 
Running Therapy may eventually prove to be a useful approach to 
improve executive function, and possibly reduce aggressive behav-
iour and psychiatric symptoms of depression, ADHD, sleep distur-
bances and anxiety in prisoners.
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The authors present a protocol for a study-in-preparation that aims to investigate effects of Running
Therapy on executive functions and sleep quality in prisoners. Study participants in two Dutch prisons will
receive three months of Running Therapy consisting of supervised running for 2 days per week and 1 day
per week of unsupervised running. Before starting with Running Therapy the prisoners will be assessed
with a neuropsychological test battery examining executive functions (CANTAB) and will be given four
questionnaires (and optionally an Actiwatch) measuring a broad spectrum of complaints, sleep
characteristics and aggression. After three months of participating in Running Therapy, the participants
will be re-assessed with the same tests and questionnaires. The application of Running Therapy is
supposed to positively influence executive functioning, sleep and to reduce aggression as well as
symptoms of depression, anxiety and behavioural symptoms of ADHD.
 
General evaluation
 
The authors propose an innovative study that tackles a highly relevant applied issue, namely to identify
measures that possibly reduce recidivism among prisoners. As the authors are aware, this relevance in
practical terms goes along with some limitations in terms of meeting scientific standards. These limitations
are imposed by severe restrictions regarding the study design as well as the examination procedures.
Because the investigators are not allowed to interfere with any daily practice in prison, the authors are
obliged to resort to a pre-post design instead of conducting a randomized controlled trial. Furthermore,
the authors are not allowed to control the referral of potential participants to Running Therapy but will
include any participants referred to this therapy by the psycho-medical staff of the respective institution.
Despite these limitations, the proposed study promises to yield important data that will hopefully pave the
way to a more rigorous study of this issue.
 
Specific comments
 

One of the major problems associated with a pre-post design is that practice effects may be
erroneously considered as treatment effects. Would it be possible to run a control group of not
imprisoned subjects that is matched with respect to other relevant characteristics in order to
estimate the magnitude of to-be expected practice effects?
 

The authors discuss both direct and indirect routes by which Running Therapy may improve
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The authors discuss both direct and indirect routes by which Running Therapy may improve
executive functions. Maybe it would be possible to distinguish among possible modes of action by
running mediational analyses?
 
The measures obtained with Actiwatch offer the opportunity to analyze effects of Running Therapy
on sleep quality and other activity related measures in a temporally more fine-grained manner than
the primary outcome measures related to executive functions, for example, by using multi-level
analyses. Overall, given that prisons are a very hard to access field of observation, it should be
worthwhile to make use of more than standard statistical procedures to gather as much information
as possible from any data obtained in this setting.

We have read this submission. We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standard.

 No competing interests were disclosed.Competing Interests:

 13 November 2015Referee Report

doi:10.5256/f1000research.6941.r11147

 Joseph HR Maes
Donders Institute for Brain, Cognition and Behavior, Radboud University Nijmegen, Nijmegen,
Netherlands

This research proposal describes the details of a pilot study to assess the effect of a running therapy on
the quality of sleep and executive functioning (EF) in prison inmates. The plan is based on previous
literature suggesting: 1) a negative relationship between executive functioning and aggression and
chance of recidivism in offenders; 2) a positive relationship between physical activity and EF; 3) a positive
association between physical activity and sleep quality; 4) a negative association between sleep
disturbances and EF; 5) a positive association between imprisonment and sleep disturbances. Given that
prison life is characterized by physical inactivity, the points 15 suggest that  a running therapy may
improve EF  either directly or indirectly by improving sleep quality. The improvement in EF in turn might
imply a decrease in aggression and recidivism rate. The idea is to have the research embedded within
ongoing practices in two penitentiary institutions in the Netherlands. Specifically, the study is proposed to
be performed in prisoners that are referred to a running therapy by the psycho-medical staff of the
institutions as part of regular treatment interventions. Basically, the main study involves performing pre-
and post-running therapy measurements using a variety of instruments to assess aspects of EF and
sleep.

The basic idea behind the proposal seems to logically follow from the existing pieces of knowledge
concerning the interrelationships between imprisonment,  aggression, recidivism, physical activity, EF,
and sleep. Moreover, the proposal is well-written and carefully addresses practical,  ethical, and legal
considerations, and may set the stage for future, more controlled research within the prison context. For
these reasons, I approve the manuscript.

However, the practical limitation of not being able to perform a randomized controlled trial automatically
implicates the major methodological weakness of the proposed study. That is, the absence of a control
group, not receiving the target intervention, prevents us from determining  whether any differences  found
in EF indices between the two measurements are due to the running therapy as such or to a general 
practice or loss-of-novelty effect, or test-retest unreliability (measurement error). The various measures
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practice or loss-of-novelty effect, or test-retest unreliability (measurement error). The various measures
from the CANTAB may differ in their susceptibility to the latter type of non-treatment-related effects. For
example, especially the IED test from the CANTAB may be particularly vulnerable for practice effects
(participants may have become aware of the ‘trick’ of shifting relevant stimulus dimensions). Also with
respect to potential changes in sleep parameters, the absence of a control group prevents us from
unequivocally associate them with a running therapy effect. Given this weakness, the authors could try to
get the most out of their data by considering the following methodological and analytical points.

From the description under Participants, I understand that not all prisoners are eligible to take part
in the running therapy. Would there be any objections by the participating prisons to ask to have
these individuals also perform the EF tests, wearing the Actiwatch, and filling out the
questionnaires? In this way, these participants could serve as a control group, being helpful in
interpreting the cause of any changes observed in EF or sleep parameters in the
‘experimental’/running therapy group. Of course, such ‘control group’ would be far from ideal,
probably not being matched on many relevant characteristics and potentially showing large
baseline differences with the treatment group, but it would be better than not having a control group
at all.
 
There are various ways to try to diminish the influence of practice and test-retest reliability issues.
Although each of the available techniques has its own problems and limitations, one could for
example use  the technique of dual basement assessment to decrease the influence of practice
effects. Alternatively, one could use statistical means to try to minimize their influence (e.g., see
Collie , 2002). et al.
 
The proposed statistical analysis does not (explicitly) address the issue of sleep mediating a
possible effect of the running therapy on (parameters of) EF. Perhaps one could try to perform a
formal mediation analysis, in which some index of the success of the running training (e.g.,
difference  in mean speed or distance run in a given period of time at baseline and at the end of
training) as predictor, some (compound) index of change in sleep quality as mediator, and some
(compound) measure of EF improvement as criterion. In this way, one could also get (preliminary)
information on causal relationships. For example, it could, at least theoretically, also be the case
that sleep problems are caused by poor EF (e.g., not being able to inhibit rumination causes sleep
problems), suggesting that improved EF mediates the association between the effect of the
running therapy on sleep rather than the other way around.

I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

 No competing interests were disclosed.Competing Interests:
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