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Abstract

Background: Physical activity alleviates chronic stress. The latest research suggests a relationship between resilience and
physical fitness. Beneficial adaptations of the hypothal amic-pituitary-adrenal axis, sympathetic nervous system, endocannabinoid
system, and tryptophan pathway, which are induced by an active lifestyle, are considered to be conducive to resilience. However,
detailed knowledge on the molecular link between the effects of acute and chronic physical exercise and improved resilience to
stress in humans is missing. Moreover, the relationship between innate and acquired aerobic capacity and resilience is poorly
understood.

Objective: Theaim of this study isto implement a human exercise intervention trial addressing the following main hypotheses:
a high innate aerobic capacity is associated with high resilience to stress, and web-based physical exercise training improves
aerobic capacity of physically inactive adults, which is accompanied by improved resilience. In this setting, we will analyze the
relationship between resilience parameters and innate and acquired aerobic capacity as well as circulating signaling molecules.

Methods: A total of 70 healthy, physically inactive (<150 minutes/week of physical activity) adults (aged 18-45 years) will be
randomly assigned to an intervention or control group. Participants in the intervention group will receive weekly training using
progressive endurance and interval running adapted individually to their remotely supervised home training performance via
web-based coach support. A standardized incremental treadmill exercise test will be performed before and after the intervention
period of 8 weeks to determine the innate and acquired aerobic capacity (peak oxygen uptake). Before and after the intervention,
psychological tests and questionnaires that characterize parametersimplicated in resilience will be applied. Blood and salivawill
be sampled for the analysis of cortisol, lactate, endocannabinoids, catecholamines, kynurenic acid, and further circulating signal
transducers. Statistical analysiswill provide comprehensive knowledge on the rel ationship between aerobic capacity and resilience,
aswell asthe capacity of peripheral factors to mediate the promoting effects of exercise on resilience.

Results: The study was registered in October 2019, and enrollment began in September 2019. Of the 161 participants who were
initially screened via a telephone survey, 43 (26.7%) fulfilled the inclusion criteria and were included in the study. Among the
55% (17/31) of participants in the intervention group and 45% (14/31) of participants in the control group who completed the
study, no serious adverseincidentswere reported. Of 43 participants, 4 (9%) withdrew during the program (for individual reasons)
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and 8 (19%) have not yet participated in the program; moreover, further study recruitment was paused for an indeterminate amount

of time because of the COVID-19 pandemic.

Conclusions: Our study aims to further define the physiological characteristics of human resilience, and it may offer novel
approaches for the prevention and therapy of mental disorders via an exercise prescription.

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(11):€29712) doi: 10.2196/29712

DERR1-10.2196/29712
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Introduction

Background

Physical inactivity is one of the mgjor risk factors for global
mortality; therefore, an active lifestyle is highly important to
promote health and longevity. The risk for cardiovascular
diseases, type 2 diabetes, osteoporosis, metabolic syndrome,
specific cancers, and several other diseasesis reduced by being
physically active [1], and physical exercise can be prescribed
asamedicine for 26 common chronic diseases[2]. In addition,
mental health is positively affected by regular physical activity.
Physical exercise induces the preservation of brain volume,
which is associated with cognitive benefits [3,4]; it promotes
blood-brain barrier integrity and protects against central nervous
system infiltration of immune cells[5], and neurodegenerative
diseases, such as Alzheimer and Parkinson disease, are
counteracted by an active lifestyle [6].

To show the influence of exercise type, frequency, duration,
and intensity on mental health, a cross-sectional study was
conducted with 1.2 million individuals in the United States
between 2011 and 2015 [7]. It was shown that regularly
physically active persons have approximately half as many days
of poor mental health than physically inactive persons.
Furthermore, it was demonstrated that any kind of exercise had
areduced mental health burden compared with not exercising.
A duration of at least 45 minutes with a frequency of 3 to 5
times a week is recommended. However, the authors also
cautioned that more exerciseis not always better [7].

To improve peak oxygen uptake (VO,peak), it has been shown
that individuals who perform interval training have a higher
increasein VO,peak [8] or have ashorter exercise duration with
similar increasesin VO,peak compared with those who perform
continuous exercise [9-11]. The comparison between low- and
high-fit groups showed that the high-fit participants reacted and
recovered faster within and after apsychological stresssituation
[12,13]. Furthermore, high-fit individuals had a lower cortisol
concentration at rest and higher variability during the stressor
compared with low-fit individuals. Moreover, a low
cardiorespiratory fitness at the age of 18 yearsisassociated with
serious depression in later life [14], whereas implementing
regular physical exercise training induces comparable efficacy
in the treatment of maor depression as antidepressant
medication [15]. The described positive effects of physical
exerciseon mental health are accompanied by increased overall
resilience[16].

https://www.researchprotocols.org/2021/11/€29712

Currently, there is no uniform and stringent definition of
resilience [17-19]. A common psychological definition of
resilience is “a person’s ability to adapt successfully to acute
stress, trauma or more chronic forms of adversity” [20].
Accordingto Kalisch et al [17], it isdefined asthe“empirically
observable phenomenon [...] that someone does not develop
lasting mental health problems although he or sheis subject to
adversity.” Recent resilience theories suggest a distinction to
be made between resilience as an outcome, that is, the change
in mental health relative to the stressor burden in a certain
period, and resilience mechanisms, that is, variablesthat directly
affect resilient outcomes [17]. By now, several psychosocial
characteristics of a resilient phenotype (eg, lower levels of
denial, avoidant coping behavior, and high positive emotiondlity)
and multiple ways of promoting it (eg, improving
problem-solving and planning skills) have been described [16].
Emotion regulation ability is considered a potential resilience
mechanism and finds prominencein dynamic resiliencetheories
[17,21]. Previous cross-sectiona studies have indicated a
positive relationship between physical activity and emotion
regulation [22,23]. However, the driving neural circuits and
underlying molecular pathways in resilience, especially in the
context of physical exercise, are only beginning to be unraveled
[16].

The major neuroendocrine and neural drivers of the responses
to stress are the hypothalamic-pituitary-adrenal (HPA) axis,
which mediates glucocorticoid (cortisol) release, and the
sympathetic nervous system, which initiates the release of
catecholamines (epinephrine and norepinephrine) in interaction
with theimmune system. Adequate activation of these systems
in response to psychological or physical stress and subsegquent
restoration of homeostasis is critical to physical and mental
health [16,24]. Malfunction of this responsive orchestration is
associated with the development of several chronic diseases,
including psychiatric diseases, autoimmune diseases, and
cardiovascular diseases, contributing to mortality worldwide
[25-27]. Acute bouts of physical exercise activate the HPA axis
and the sympathetic nervous system, leading to increased stress
hormone release followed by immune cell mobilization in a
dose-responsive fashion [ 28-30]. When cessation of the physical
stressor and the ensuing reconstitution of a homeostatic state
occurs after amoderate period, adaptive mechanisms may result
in improved stress reactivity. These adaptations include
neurogenesis, improved synaptic plasticity and neuroprotection
(eg, by increased levels of brain-derived neurotrophic factor
[30,31]), and the promotion of an anti-inflammatory state (eg,
by enhanced anti-inflammatory cytokines and reduced c-reactive
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protein release [32]). Consequently, regular physical exercise
may increase resilience by promoting amore adaptive activation
of the HPA axis. Similarly, an exercise-induced shift in the
tryptophan pathway, resulting in decreased kynurenine and
increased kynurenic acid plasmalevels, is considered to promote
neuroprotection and resilience [33,34]. Furthermore, physical
exercise activates the endocannabinoid system, which is
considered to result in cognitive benefits and an antidepressant
effect [35-37]. Thus, exercise prescription constitutes a useful
means for the prevention and treatment of psychological and
neurodegenerative diseases and moreover offers the possibility
to enhance resilience in the general population.

Structured physical exercise interventions have been
successfully implemented to improve disease states in brain
diseases, such as major depression, Alzheimer disease, and
Parkinson disease [15,38,39]. However, personalized training
in aface-to-face fashion requires a high workload for coaches,
and participants need to adhere to a strict time schedule.
Individualized web-based physical exerciseinterventionsallow
trainers to remotely supervise multiple participants in a time-
and cost-effective manner, for example, by providing weekly
feedback. In turn, participants are highly flexible when
integrating the training sessions into their daily routines and
still receive individualized training programs from a coach. Our
research group had previously shown in different types of
patients that a web-based exercise program is useful, does not
harm any participant, and improves physiological parameters,
such as VO,peak [40,41], and clinically relevant parameters
[42-45].

Physical activity is positively associated with blunted stress
reactivity and shorter stress recovery in response to various
stressors [46,47]. To investigate acute stress reactivity and
recovery in a psychophysiological laboratory, an experimental
paradigm that significantly induces stress at the psychological
and physiological levelsisneeded. Dickerson and Kemeny [48]
identified several elements that reliably elicit significant HPA
axis responses in participants: (1) physical stressors (eg, heat
or cold), (2) mental challenges (eg, arithmetic tasks and working
memory tasks), and (3) socia evaluation (eg, giving a speech
in front of ajury). In psychological stress research, there are
several established stress paradigms that make use of these
elements. The Socially Evaluated Cold Pressor Task (SECPT)
[49] and the ScanSTRESS-C [50] for acute stressinduction are
experimental paradigms that have previously been proven
effectivein eliciting acute stress responses at the psychological
(ie, decreases in well-being), endocrine (ie, high levels of
catecholamines and cortisol), and physiological (ie, higher heart
rate levels) levels [50-52].

Objectives
In this study, we implement an 8-week randomized controlled

trial of a web-based, individualized physical exercise training
intervention to evaluate the link between aerobic capacity and
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resiliencein healthy untrained adults. Therefore, baseline values
of performance diagnostics to determine the innate aerobic
capacity (VO,peak) as well as emotion regulation abilities,
stressreactivity, and stressrecovery (salivacortisol) as potential
resilience mechanisms are estimated. We hypothesize that (1)
participants with a high innate aerobic capacity will show a
higher resilience to stress compared with participants with low
aerobic capacity. This will be followed by 8 weeks of
individualized web-based physical exercisetraining combining
continuous and interval-type running exercises with the aim of
progressively increasing aerobic capacity. After completion of
the exercise intervention, performance diagnostics will be
repeated to estimate the acquired aerobic capacity, as well as
to assess the psychological parameter. In addition, secondary
outcomes of molecular factors, including hair cortisol levels,
endocannabinoids, catecholamines, cytokines, and cell-free
DNA, and results of several questionnaires will be determined
throughout the study. We hypothesize that (2) the exercise
intervention will improve the aerobic capacity of theintervention
group, which (3) will be accompanied by improvements in
resilience factors. Thiswill offer the possibility to exploratively
study the underlying molecular mechanism (stress hormone
release and immune reactions) in the promotion of resilience
by regular physical activity.

Methods

Trial Design and Participants

This study is designed as a prospective randomized controlled
trial with 2 phases of data collection before (baseline
examination; time point 0 [TO] and time point 1 [T1]) and after
(final examination; time point 2 [T2] and time point 3[T3]) 8
weeks of web-supervised physical exercisetraining intervention
(T1-T2; Figure 1). The multidisciplinary single-center tria is
acollaboration among the I nstitute of Physiological Chemistry,
Department of Psychiatry and Psychotherapy, Department of
Clinical Psychology and Neuropsychology, and Department of
Sports Medicine, Disease Prevention and Rehabilitation. The
medical association Rhineland-Palatinate approved the study
(July 29, 2019, 1D: 2019-14305), and the study was registered
with the German Clinical Trials Register (DRKS;
DRKS00018078; October 2, 2019) and conformed to the
standards of the Declaration of Helsinki of the World Medical
Association. Administrative changes of the protocal, if needed,
are minor corrections and clarifications that have no effect on
the way the study is to be conducted. An amendment will be
approved by the Ethics Committee Landesirztekammer
Rhineland-Palatinate before implementation. This protocol
follows the guidelines from the SPIRIT (Standard Protocol
Items: Recommendationsfor Interventional Trials) [53] and the
CONSORT-eHEALTH checklist (Multimedia Appendix 1)
[54]. A SPIRIT diagram of enrollment, interventions, and
assessments is provided in Figure 1.
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Figurel. SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) diagram of enrollment, interventions, and assessments. ADS:
Allgemeine Depressionsskala; ASl: Anxiety Sensitivity Index; BRS: Brief Resilience Scale; BSI: Brief Symptom Index; CERQ: Cognitive Emotion
Regulation Questionnaire; CG: Control Group; CTQ: Childhood Trauma Questionnaire; ECG: dectrocardiogram; ERQ: Emotion Regulation Questionnaire;
GOT: Glutamate Oxalacetate Transaminase; GPT: Glutamate Pyruvate Transaminase; GSE: General Self-Efficacy Scale; HPA: Habitual Physical
Activity Questionnaire; 1G: Intervention Group; IPAQ: International Physical Activity Questionnaire; MDBF:. Mehrdimensionaer
Befindlichkeitsfragebogen; PAR-Q: Physical Activity Readiness Questionnaire; PSS-10: Perceived Stress Scale-10; SCS-D: Self-compassion
Scale-German Version; SECPT: socially evaluated cold pressor test; SF-36: Short-Form Health Survey; SRS: Stress Reactivity Scale; TICS-SSCS:
Trier Inventory for the assessment of Chronic Stress-Screening Scale For Chronic Stress.

Study period
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ENROLMENT:
Telephone screening X
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Informed consent (Pre) X
Informed consent (Post)
PRELIMINARY INVESTIGATION:
Bioelectric impedance analysis X

Enrollment | Baseline | Intervention

e

Pulmonary function test

Anthropometric data
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Resting-ECG (supine position)

Survey by the doctor
PSYCHOLOGICAL STRESS TESTS:
Cold Pressure Task (SECPT)
ScanSTRESS-C X
Saliva cortisol
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e
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Cognitive Emotion Regulation Task
(CERT)

Script-based Reappraisal Test (SRT) X
PERFORMANCE DIAGNOSIS:
Spiroergometry (peak oxygen uptake
[VO,peak])

Capillary blood (lactate, cell-free DNA) X X

Venous blood (adrenalin, noradrenalin,
c¢fDNA, extracellular vesicles,
endocannabinoids, kynurenic acid, X X
electrolytes, glucose, GOT, GPT,
creatinine, urea)

Determination of the training intensities
based on the lactate kinetic
INTERVENTIONS:

Randomization X

Intervention group (IG)
Control group (CG) {
Continuous interval-based endurance
training (1G)

Weekly training adjustment (IG) X
ASSESSMENTS:
Medical history sheet, BRS, CTQ X
BSI, ADS-long, CERQ, ERQ, ASI,
SCS-D, PSS-10, TICS-SSCS, SRS, SF-
36, HPA, IPAQ long version, German-
PAQ-50+, GSE, MDBF

Voluntary web-based survey X X

The primary (VO,peak and saliva cortisol) and key secondary  1). This study includes 4 time points of investigation of

outcomes, trial methods, and designs are summarized in the physiological and psychological parameters, including the
World Health Organization trial registration data set (Textbox Primary end points of a change in VO,peak and saliva cortisol
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from the baseline: a TO and T1, baseline values will be
estimated, and at T2 and T3, data collection following the
control or exercise intervention will be performed. TO and T2,
aswell as T1 and T3, are structured in the same way, except
for the separately listed psychological examinations at the
measurement points. T1 and T3 will be performed after a
maximum of 10 days after TO and T2, respectively. Written
consent after adetailed oral explanation will be obtained from
all participants at the beginning and after completion of the
study by the responsible study physician. At the beginning of
the study (T0), the participantswill not be fully informed about
the purpose and aim of the psychological stress tests. Full
clarification will take place at T3. If a participant wishes to
discontinue the study prematurely, they will be fully informed
about the purpose and aim of the psychological stress tests.

Participant recruitment commenced in September 2019.
Participantswere and will be recruited viaflyer announcements

Figure 2. Study design flow diagram.

Ochmann et d

for the study (Multimedia Appendix 2) at multiple locations at
the Johannes Gutenberg-University of Mainz and the University
Medical Center campuses, as well as diverse places for leisure
activities, as impersonal recruitment. Inclusion into the study
is a two-step procedure beginning with a telephone survey
according to the dligibility criteria (Textbox 2). At thefirst visit,
sport capability will be confirmed and the participants will be
included in the study. Blinding of participants will not take
place. After telephone screening and recruitment, participants
will be randomized (Figure 2) into the intervention group (1G)
or control group (CG). The IG will participate in the 8-week
sports intervention based on a combination of continuous and
interval-type running exercises. Participants in the IG will be
told not to engage in further high-intensity sports activities.
Participants in the CG will be told not to change their daily
lifestyles during the intervention period.

/_
Assessment for eligibility (telephone survey)

S
4 Exclusion

Do not meet inclusion criteria

Decline to participate

Other
-

r ™
Recruitment

4

Baseline examination

Randomization

\2

\Z

[ Control group n = 35 ]

[ Intervention group n =35 ]

Final examination

y

12- and 24-week follow-up
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Textbox 1. World Health Organization trial registration data set.

Trial registration data set

Primary registry and trial identifying number; German Clinical Trials Register DRKS00018078
Date of registration in primary registry: October 2, 2019

Secondary identifying numbers: none

Source of monetary or material support: Boehringer Ingelheim Foundation

Primary sponsor: Boehringer Ingelheim Foundation

Secondary sponsor(s): not applicable

Contact of public queries. ochmann@uni-mainz.de (DO); albrahme@uni-mainz.de (AB)
Contact for scientific queries: albrahme@uni-mainz.de (AB)

Public title: mediators of alink between innate or acquired aerobic capacity and stress resilience

Scientific title: The association of innate and acquired aerobic capacity with resilience in healthy adults: Protocol for an 8-week randomized
controlled, web-based, physical exercise intervention study

Countries of recruitment: Germany

Health condition(s) or problem(s) studied: healthy participants
Intervention(s): web-based exercise intervention; control

Key inclusion criteria:

o Age 18-45years

« Healthy

«  Suitablefor sports

«  Physicaly inactive (<150 minutes/week physically active)

« Gender: maleand female

Key exclusion criteria

«  Absolute contraindications to exercise
«  Smoker or other tobacco consumption
«  Highblood pressure

«  Long-term medication intake

«  Hairless participants (<1 cm)

o Shift worker

o Participation in another study

«  Psychological disorders

Study type:

« Interventional

o Allocation: randomized, controlled

« Intervention model: parallel assignment

o  Primary purpose: prevention

Date of first enrollment: September 10, 2019

Target sample size: 70

Recruitment status: Recruiting

Primary outcome(s):

«  Improvement of the maximum oxygen uptake through an 8-week web-based training intervention.

« Investigation of the link between the changes in maximum oxygen uptake induced during training intervention and the associated changes
in salivary cortisol induced during a stress test.
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«  Key secondary outcomes:

« Investigation of the link between maximum oxygen uptake and resilience by determining physiological and biochemical markers in the
untrained state before an 8-week web-based training intervention.

« Investigation of thelink between the changesin maximum oxygen uptake and resilience induced through training intervention by determining

physiological and biochemical markers.

«  Sustainability of the change in resilience 12 and 24 weeks after 8 weeks of web-based training intervention.

Randomization

The included participants will be randomly assigned with a
50%-50% allocation to the 1G or CG. Randomization will be
performed using the EXCEPT NUMBER command in Microsoft
Excdl. In addition, randomization will be stratified by gender
with an expected ratio of 50%-50% and BMI with an expected
ratio of 33% overweight (BMI =25) and 67% normal weight
(BMI <25) torecruit CG and |G participants with homogeneous
baseline characteristics.

Eligibility Criteria
To work with a homogenous study population and to reduce
theinfluence of different characteristics of the study population

https://www.researchprotocols.org/2021/11/€29712

RenderX

on study outcomes, the inclusion and exclusion criteria for
participating in the study were chosen aslisted in Textbox 2. It
is known that both neural and behavioral processing of stress
isateredin clinical sampleswith conditions such asdepression
[55] or anxiety disorders[56]. To minimize differences between
participants, we excluded individuals with current or past
psychological treatment as assessed in our standardized
telephone screening. To reduce the impact of hormonal
contraceptives in women on stress reactivity (saliva cortisol)
and emotional memory [57], only women taking no hormonal
contraceptives are included in our study. Alcohol abuse was
defined according to the Diagnostic and Satistical Manual of
Mental Disorders (Fourth Edition) [58] as a regular or daily
drinking routine.
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Inclusion criteria

« Age 18-45years

«  Nonsmokers

«  Normal blood pressure (£140/90 mm Hg)

«  Suitablefor sports

« Voluntary participation

o No medication

«  Physicaly inactive (<150 minutes/week physically active)
o  Timefor 8-week intervention

«  Signing the consent form

« Gender: maeand female

Exclusion criteria

o Age <18or >45years

«  Smoker or other tobacco consumption

«  Highblood pressure

« Not suitable for sports

«  Constrained participation

« Long-term medication intake

o  Trained (>150 minutes/week physically active)
«  Probably no time for intervention

« Rejection by the participant

«  Lack of ability to consent or doubts about the ahility to consent
« Hairless participants (<1 cm)

o Shift worker

o Clinicdly significant 12-channel electrocardiogram abnormality determined by the physician

« Alcohal or drug abuse within the past year before screening, positive urine drug test, or positive alcohol test during screening

« Infection with HIV, Hepatitis C virus, or Hepatitis B virus
«  Participation in another study

«  Other unspecified reasons that, from the investigator's point of view, militate against participation in the study

Cardiovascular, metabolic, pulmonary, and muscular diseases after the International Classification of Diseases, Tenth Revision, acute or anamnestic

Psychological disorders diagnosed according to International Classification of Diseases, Tenth Revision or Diagnostic and Statistical Manual
of Mental Disorders (Fourth Edition), acute or anamnestic (last 24 months)

«  Female participants taking hormonal contraceptives

Preliminary Investigation (TO/T1 and T2/T3)

The first visit (TO) includes the initial screening of the
participant’s height and weight. A pulmonary function test will
be used to determine vital capacity, forced expiratory volume
in 1 second (Spirometry, Bodybox 5500, M edisoft Group) and,
if applicable, toidentify the presence of undiagnosed restrictive
or obstructive respiratory abnormalities [59]. Furthermore, the
cardiological values of resting blood pressure and resting
electrocardiogram (Schiller AT-60) will be measured in asupine
position to ensure proper cardiovascular function. To determine
thelong-term cortisol value over 2 months, a2 cm- ong strand

https://www.researchprotocols.org/2021/11/€29712

of hair will be cut off at the back of the head directly from the
skin [60]. A bioelectric impedance analysis (In Body 3.0,
Biospace) and blood countswill be conducted during the second
visit (T1) in the morning before the incremental running test
after a minimum of 8 hours of overnight fasting. After the
completion of the control or exerciseintervention, the described
parameters will be reassessed during the third or fourth visit
(T2o0r T3).

Questionnaires(TOand T2)

Owing to the multidimensional approach to stress resilience
outlined above, we required a lot of information about the
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participants’ lifestyle as well as psychological and medical
anamnesiswith the help of several questionnaires. To minimize
the total experimental time, participants will complete part of
the questionnaires on the web before their arrival at TO. Further
questionnaireswill be completed within the resting and recovery
periods during the on-site appointments.

Psychological Questionnaires

Brief Resilience Scale (Only TO)

The Brief Resilience Scale is a 6-item questionnaire that
considers the dimension bounce back from stress on a 5-point
Likert scale. The scale exhibits good psychometric properties
with high internal consistency and retest reliability [61]. The
German version of the Brief Resilience Scale was validated in
2018 [62].

Childhood Trauma Screener (Only TO)

The Childhood Trauma Screener (CTS) is a 5-item brief
instrument for the assessment of childhood abuse and neglect
on a 5-point Likert scale [63]. The CTS is based on the
Childhood Trauma Questionnaire, which includes 28 items on
physical, emotional, and sexual abuse aswell as emotional and
physical neglect [64,65]. These questions of the CTS deal with
experiences during childhood and youth. The CTS showed a
high correlation (r=.88; P<.001) with the total Childhood
TraumaQuestionnaire score. Theinternal consistency was.757
(Cronbach a; n=499).

Brief Symptom Index-18

The Brief Symptom Index-18 is an 18-item scale, which is
divided into 3 syndromes—somatization, depression, and
anxiety—with 6 items each on a 5-point Likert scale [66]. The
German version of the Brief Symptom Index-18 was validated
in 2011. It showed a satisfactory-to-high consistency of the
different syndromes (Cronbach a between .63 and .93) [67].

General Depression Scale (Long Version)

The General Depression Scale (German trangl ation: Allgemeine
Depressionsskala [ADS]) isthe most common German version
of the Center for Epidemiologic Studies Depression Scale [68].
Thefirst test publication of ADSwasin 1993 [69]. The second
edition of the manual with new samples and standard data was
published in 2012 [70]. No changes were made to the items.
Only the critical threshold value of the long version (ADS-L)
for the screening of depression was corrected from >23 to >22
[70]. With its 20 items, the ADSL considers affective,
cognitive, somatic, and social depression symptoms, among
others. The answers are given on a4-point scale from O (rarely
or not at al [<1 day]) to 3 (mostly al thetime [5-7 days]). The
internal consistency (Cronbach a) of the ADS-L in adultsin
multiple population samples is between .85 and .92, and the
test-retest reliability (2-8 weeks) is .51-.67.

Cognitive Emotion Regulation Questionnaire

The Cognitive Emotion Regulation Questionnaire covers 9
strategies (self-blame, blaming others, acceptance, refocusing
on planning, positive refocusing, rumination or focus on thought,
positive reappraisal, putting into perspective, and
catastrophizing) and 36 items of cognitive emotion regulation
with arangefrom 1 (Jalmost] never) to 5 ([almost] always) [ 71].
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The German version differs in the item number. Here the
guestionnaire was shortened to 27 items (3 items per dimension)
[72,73]. A good psychometric quality (factorial validity and
acceptable-to-good reliability [.70<a<.84]) could be shown in
aclinical sample[72].

Emotion Regulation Questionnaire

The Emotion Regulation Questionnaire deals with the most
common preferences of 2 applied strategies for emotion
regulation: suppression (4 items) and reappraisal (6 items) [74].
The German version was first published in 2009 [75]. On a
7-point Likert scale from 1 to 7 (1=not correct at al; 4=neutral;
and 7=compl etely correct), the participants can choose anumber.
Internal consistency (Cronbach a) for reappraisal was .79, and
for suppression, .73 [74]. The test-retest reliability across 3
months was .69 for both strategies [74].

Anxiety Sensitivity Index-3

Anxiety Sensitivity Index-3 is an 18-item scale with 3 factors
(physical, cognitive, and social concerns) on a 5-point Likert
scale [76]. The German version was first published in 2009.
The internal consistency is between .86 and .89 [77].

Satisfactory measurement accuracy and good validity can be
seen in comparison with the English version [77].

Self-compassion Scale (German Version)

The Self-compassion Scale (SCS) contains 26 items with
originally 3 basic components: (1) self-kindness, (2) common
humanity, and (3) mindfulness, which are answered on a5-level
scale (1=very rarely and 5=very often) [78]. The German version
of the SCS (SCS-D) wasfirst checked for reliability and validity
in 2011 [79]. In comparison with the original, a 6-factorial
structure (self-kindness, self-condemnation, common humanity,
isolation, overidentification, and mindfulness) was found and
as expected, correlates with subjective well-being and
psychologica strain. With the German version of the SCS, an
economic, reliable, and valid assessment of self-compassionis
available.

Per ceived Stress Scale-10

The Perceived Stress Scale (PSS-14) contains 14 items, which
are answered on a 5-point response scale (O=never and 4=very
often) [80]. Onthebasis of principal component analysis, alow
factor loading of 4 itemswas determined and then dropped. The
shortened PSS-10 shows a dlightly increased reliability
(Cronbach a=.78 vs Cronbach a=.75) and a similar validity
[81]. The German version of the PSS-10 shows good internal
consistency (Cronbach a=.84) and construct validity between
perceived stress and depression, anxiety, fatigue, procrastination,
and quality of life[82,83]. PSS-10 isan economic, reliable, and
valid assessment tool for ng perceived stress.

Trier Inventory for the Assessment of Chronic
Stress-Screening Scale for Chronic Stress

TheTICS-SSCS(Trier Inventory for the assessment of Chronic
Stress—-Screening Scale for Chronic Stress) comprises 12 items
[84]. The TICS-SSCS measuresthe frequency of self-perceived
overal stressin 5 different stressdomainsin the past 3 months:
chronic worrying, work-related overload, social overload,
excessive demands, and lack of socia recognition. The
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frequency of stressin the 5 stress domains is recorded with the
values never (0 points), rarely (1 point), sometimes (2 points),
frequently (3 points), and very frequently (4 points), and in the
end, an average score can be calculated. Theinterna consistency
for the TICS-SSCSisrated as very good, with Cronbach a=.91
[84,85].

The Stress Reactivity Scale

The 29-item Stress Reactivity Scale measures the duration and
magnitude of an effective response that a person displays in
various stress situations. Each item consists mainly of 2 parts:
(1) atypical stresssituation and (2) 3 responseitems. From this,
the total score can be calculated. A satisfying Cronbach a
between .71 and .82 for the various subscales and good retest
reliability coefficients over 7 months between .63 and .84 could
be shown [86].

General Self-efficacy Scale

The General Self-efficacy Scaleisa 10-item psychometric scale
that assesses general optimistic self-conviction [87]. Theitems
areanswered on a4-level scale (1=not correct; 2=hardly correct;
3=rather correct; and 4=exactly correct). At the end, al points
are summed up, and the result is a score between 10 and 40.
Theinternal consistency of Cronbach a isbetween .75 and .91.
Confirmatory factor analysis could confirm the single-factor
structure of the scale. The scale shows a good retest reliability
of .67 [88].

Multidimensional Mood State Questionnaire

To assess psychological responses to acute laboratory stress
induction, we will use the Multidimensional Mood State
Questionnaire (German trandlation: Mehrdimensionaler
Befindlichkeitsfragebogen [MDBF]) [89]. The MDBF consists
of 24 adjectivesthat reflect positive or negative emotional states.
Participants’ ratings on a5-point Likert scale could be summed
up to atotal score of subjective well-being, where higher scores
reflect a more positive emotional state. Sufficient reliability
(Cronbach 0=.80-.92) and validity of the MDBF have been
confirmed in several studies[90-92]. Asin previous studies by
our group [50,93], wewill usethe MDBF at multipletime points
before and after the stresstasksat TO and T2 to assessvariations
in psychological well-being in response to stress (—2 minutes,
+15 minutes, and +60 minutes relative to stress onset).

Sports Medicine Questionnaires

Habitual Physical Activity Questionnaire

The Habitual Physical Activity Questionnaire isdivided into 3
indices evaluating (1) occupational physical activity, (2) sports,
and (3) leisure time, and it originally included 16 items [94].
The German version of the Habitua Physical Activity
Questionnaire was compared with the original version in 2001
and was reduced by 2 items after item-analytical analysis[95].
Thetest-retest reliability of theindices of physical activity over
3 monthsis .80 and .90 for (1) and (2) and .74 for (3) [94].

I nternational Physical Activity Questionnaire (L ong Version)

The long version of the International Physical Activity
Questionnaire contains 27 items and collects physical activity
values in different domains (occupational, transport, yard or
garden, household, leisure, and sitting) and different intensities
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(moderate and vigorous) within the past 7 days [96]. The
German long version was validated on German adolescents
[97]. It is an acceptable, valid, and reliable questionnaire for
assessing physical activity in many countries [96].

Short-Form Health Survey

The 36-item Short-Form Health Survey is a cross-disease
assessment instrument for measuring the health-related quality
of life of the general population and patients [98]. It consists of
8 dimensions of subjective health: physical functioning (10
guestions), socia functioning (2 questions), role limitations
(physical problems, 4 questions;, emotional problems, 3
guestions), general mental health (psychological distress and
well-being; 5 questions), vitality (energy and fatigue, 4
questions), bodily pain (2 questions), and general health
perception (5 questions). In addition to the 8 dimensions, one
guestion is used to request heath changes [99]. These
dimensions can be assigned to the functional status and
well-being of the basic dimensions. The version of the
Short-Form Health Survey-36 used here refers to the past 4
weeks. Except for social functioning (Cronbach a=.73), the 7
other dimensions showed acceptableinternal consistency, with
aCronbach 0=.85. The test-retest reliability is excellent within
2 weeks[99].

Physical Activity Readiness Questionnaire

The Physical Activity Readiness Questionnaire is an
internationally renowned preparticipation screening tool that
was based on expert opinion (British Columbia Ministry of
Health and the Multidisciplinary Board on Exercise) [100]. It
intendsto find whether thetest participant should seeaphysician
before beginning physical activity or a sport. Here,
cardiovascular, balance, medical, emotional, and joint issues,
which could hinder physical activity or sports activity, should
be excluded. All questions should be answered with no. This
guestionnaire is used as an exclusion criterion in this study and
isused in the telephone survey. If a question is answered with
yes, the person is not included in the study.

Psychological Stress Tests (T0O and T2)

Stress | nduction Paradigms

As the study design aims to investigate acute stress effects at
several time points (TO and T2) by focusing on the change in
sdliva cortisol levels as a primary end point, 2 aternative
paradigmsfor stressinduction are required, which are described
below. Thus, habituation and expectation effects can be reduced
based on thefirst stressinduction paradigm. These psychological
stress tests will be conducted between 1:30 PM and 4 PM to
control the circadian cortisol level. To eliminate possible
contaminations of saliva, participantswill beinstructed torefrain
from eating or drinking for 1 hour before the stress tests. In
addition, participants will watch a relaxing movie for
approximately 20 minutes to minimize baseline differencesin
cortisol concentrations.

Socially Evaluated Cold Pressure Test (TO)

Stressinduction at TOwill be performed by means of the SECPT
[49]. The participant will be asked to immerse their nondominant
hand in a pool of cold water (0-4 °C) and to keep it there if
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possible. During this time, the participant will be observed by
an experimenter, who will keep aneutral facial expression while
taking notes on a clipboard. To further enhance the socia
evaluation, the face of the participant will be recorded with a
mock camera. The participantswill be encouraged to keep their
hands immersed for amaximum of 3 minutes.

Psychosocial Stress Task for Scanner Environments
(T2)

Stress induction at T2 will be performed using the compact
version of the psychosocial stresstask for scanner environments
(ScanSTRESS) paradigm [50,52]. First, the participantswill go
through acontrol phase and then astress phase (6 minutes each).
During the stress phase, 2 types of cognitively challenging tasks
will be processed with computer assistance (Neurobs
Presentation software, Neurobehavioral Systems): mental
rotation and arithmetic subtraction tasks. A preprogrammed
algorithm adaptsthe task difficulty and speed to the participant’s
performance, thus creating time pressure and forcing errors.
The social-evaluative component is ajury (consisting of 2 test
supervisorsin whitelab coats) that istransmitted viaalive video
stream to the screen of the participant during the task processing
and thus continuously providing negative disapproving feedback.
In case of too slow processing, as well as in the case of an
erroneous answer, the jury can also project negative written
feedback onto the respondent's screen via a buzzer (“Work
faster!” and “Error!”). To further increase the stress level, the
stress phase will be interrupted halfway through for verbal
feedback. Here, the participant will be reminded that the data
can only be used if maximum performance is achieved.
Accordingly, the highest possible concentration is requested.
During the control phase, the participants will only perform
simple assignment tasks without time pressure and negative
feedback.

Saliva Cortisol

To validate the effectiveness of the stress tests performed, 6
saliva samples will be collected throughout the experiment to
detect the stress hormone cortisol. Commercially available
Salivettes (Sarstedt) will be used for this purpose. All saliva
samples will be stored at —20 °C and sent to the Ingtitute of
Biopsychology at the Technical University Dresden, Germany,
for analysis. Salivary concentrations will be measured using
commercially available chemiluminescence immunoassayswith
high sensitivity (IBL International).

Emoation Induction and Regulation (TO and T2)

To detect differences in the ability to regulate emotions, 2
different testswill be used in parallel to the stress tests.

Cognitive Emation Regulation Task (TO)

The Cognitive Emotion Regulation Task (CERT) [101,102]
comprises 3 task conditions and 2 image categories. In thefirst
task condition, the participants are instructed to merely watch
the presented stimuli and react naturally to them (view
condition). In the second task condition, the participants are
asked to cognitively modify the content of the presented image
by assigning it a positive content (cognitive reappraisal) and
thereby regulating their emotions. In the third task condition,
participants are asked to indicate asfast as possibleif the given
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mathematical equation is correct or incorrect via a button press
(distraction). For this purpose, the participants are presented
with both negative (first image category) and neutral images
(second image category). The images are taken from the
internationally — standardized and evaluated databases
International Affective Picture System) [103] and Emotional
Picture Set [104]. After 1000 ms of stimulus presentation, the
task instructions are presented for 1000 ms (transparent overlay).
The image stimulus is then on display for another 5000 ms,
followed by a4000-ms rating phase where participantsindicate
their current affective state using the Self-Assessment Manikin
scalefor valence[105]. Theinterstimulusinterval is3000-5025
ms. In our study, the CERT comprises 75 trial s of approximately
14.5 seconds each, 15 trials each for the following conditions:
view_negative, view_neutral, distract_negative, distract_neutral,
and reappraise_negative. Intotal, the CERT lasts approximately
19 minutes.

Script-Based Reappraisal Test (T2)

The Script-Based Reappraisal Test [106] is a computer-based
behavioral experiment that assesses an individual’s ahility to
regulate emations. In this experiment, text-based scripts will
be presented that describe everyday situations and induce
negative emotions (anger toward others, anger toward oneself,
and fear). In this experiment, participants will work through
several passagesinwhich ascript isfirst presented (20 seconds).
Subsequently, participants will be instructed, depending on the
passage, to reduce the emerging negative emotions within 1
minute by cognitive reassessment (reassessment passages) or
to alow them to arise (control passages). At the end of each
session, the participantswill use Salf-Assessment Manikin scales
[105] to indicate their affective state in terms of valence and
arousal (6 seconds) and type in their revaluation thoughts or
negative thoughts (90 seconds). The Script-Based Reappraisal
Test contains 12 revaluation sessions and 12 control sessions.
At the beginning of the experiment, 2 sample runs will be
performed, and the participants questions on understanding will
be answered.

Peak Oxygen Uptake Determination (T1 and T3)

To determine the individual VO,peak as the primary end point
and the training areas, participants will complete a stepwise
incremental running test on a treadmill (Saturn, HP-Cosmos)
until subjective exhaustion isreached or general indicationsfor
stopping an exercise test according to the American College of
Sports Medicine guidelines are fulfilled [59]. Maximal oxygen
uptake is reached if a plateau of VO, is observed within the
final 2 work rates of the stepwiseincremental running test [59].
Here, we have untrained participants who may not be able to
reach aplateau in VO, uptake. Therefore, wewill use VO,peak
and take the highest value of VO,. To avoid outliers, there
should be no high variance around this VO, value within the 4
previously taken breaths. The exercise test includes a starting
velocity of 4 km/hour, a duration of each step of 3 minutes, a
pause time between 30 seconds and 60 seconds, and anincrease
in velocity by 1.5 km/hour from step to step. To determine the
lactate threshold, 20 uL of whole blood will be collected from
the fingertip with an end-to-end capillary (Sodium-Heparin,
EKF-Diagnostics GmbH) at rest and between the stages. Heart
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rate (electrocardiogram), as well as oxygen uptake and carbon
dioxide rel ease (spiroergometry), will be continuously recorded.
The latter will be used to estimate VO,peak for IG and CG at
Tland T3. VO,pesk at T1 will be considered asinnate aerobic
capacity, and VO,peak of the IG at T3 will be considered as
acquired aerobic capacity. Absolute and relative
contraindications will be defined according to the American
College of Sports Medicine guidelines[59].

Infrared Thermography (T1 and T3)

Infrared thermography is a noninvasive, contact-free,
nonradiating tool used to measure surface radiation temperature
and patterns [107]. In this study, a high-resolution infrared
camera (Jenoptik VarioCam; 480x640 pixels; focal planearray;
spectral range 7.5-14 micrometers; accuracy + 0.05 K; and set
emissivity: 0.98) will be applied for the measurement of mean
surface radiation temperature (T [°C]) of the calves(CTy). The
infrared camerawill be placed on atripod behind the participant
at the height of 85 cm. The distance between the camera and
participant will be 2.30 m. The focus will be set perpendicular
to the backside of the calves to capture the area from the
popliteal space to the ankle. To stabilize the running position
on thetreadmill, ahorizontal barrier made of elastic-plastic will
be fixed behind the participant, and the foot position will be
marked on the treadmill with adhesivetape. Theinfrared camera
temperature scale will be set from 25 °C to 35 °C. An
acclimatization period of 10 minuteswill beimplemented before
the exercise test. The participants will only be allowed to wear
ankle socks and shorts; should sleep and fast for 8 hours; should
drink not more than 1.5 L of water; should be physicaly
inactive; and should avoid cosmetics, showering, and sunbathing
for at least 8 hours before the test.

We will perform 3 steps for thermogram anaysis: (1)
thermogram selection, (2) thermogram processing, and (3)
analysis of the region of interest. We will process the image by
coloring everything in black, except for the relevant areain the
thermogram. This analysis procedure is in line with that of
Ludwig et al [108]. The final regions of interests analysis will
be performed with the software Analysis of thermal
images-TDM V2.0 (Optoprecision GmbH). The report of the
entire infrared thermography procedure is in accordance with
that of Moreiraet al [109].

M easurements of Blood Parameters(T1and T3)

Before, immediately after, and 30 minutes and 60 minutes after
the exercise testing, the median cubital vein will be punctured
for venous blood sampling. In total, 100 mL of whole blood
will be taken and further processed for the preparation of blood
serum and plasma aliquots, depending on the subsequent
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analysis. Blood counts and physiological parameters will be
assessed from the venous plasma or serum, respectively, at the
defined time points. The following parameterswill be included:
creatine kinase, lactate dehydrogenase, hydroxybutyrate
dehydrogenase, calcium, cholesteral, triglycerides, high-density
lipoprotein-associated cholesterol, low-density
lipoprotein-associated cholesterol, total leukocytes, erythrocytes,
hemoglobin, hematocrit, mean corpuscular volume, mean
corpuscular hemoglobin, platelets, neutrophils, eosinophils,
basophils, monocytes, lymphocytes, and total protein. Blood
plasma samplesfor molecular marker analysiswill be aliquoted
and stored at —80 °C before further processing. Venous blood
will be used to determine and analyze venous cell-free DNA
(concentration using quantitative real-time polymerase chain
reaction [110,111]); non—disease-specific epigenetic patterns
and sequence analysis using targeted next-generation sequencing
[112]; endocannabinoids, catecholamines, and inflammatory
lipids using mass spectrometry [113,114]; and further circulating
signal transducers (extracellular vesicles and cytokines using
multiplexed assays [115-117]). In parallel with venous blood
sampling and additionally at each increment of the exercisetest,
capillary blood samples will be taken from the fingertip to
determine capillary cell-free DNA concentrations.

Lactate Threshold and Determination of the Training
Ranges (Tl and T3)

On the basis of lactate kinetics during the incremental stepwise
running tests, the individual anaerobic threshold (IAT) will be
used to determine the intensity ranges (regeneration, light,
moderate, and vigorous) for the training sessions. The |AT will
be determined by means of minimum lactate equivalent +1.5
mmol/L [118,119]. Here, we will define 4 training intensities
(regeneration:  50%-70%, light: 70%-85%, moderate:
85%-100%, and vigorous: 100%-110%), which are relatively
related to the velocity at AT (100%).

Training I ntervention

After the baseline examination (TO and T1), an 8-week sports
intervention will be carried out for the IG. The CG will not
participate in any training interventions during this period. The
training contents are interval- and  continuous
endurance-oriented. The external load can be individually
controlled and adjusted with the help of the IAT and the related
relative training intensities. The intervention is divided into 3
mesocyclesand 8 microcycles (=1 week): adaptation (2 weeks),
frequency (3 weeks), and intensity (3 weeks; Figure 3). One
box (Training details) correspondsto afixed training week from
Monday to Sunday. 5 minutes warm up and 5 minutes cool
down should beincluded in every training session. The numbers
1x and 2x are the weekly frequencies of the training session.
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Figure 3. Idea progression of training load from eight stages over the 8-week sport intervention period. Rep: repetitions.

Mesocycle || Stage Training details
1 Light continous 2x: 25" exercise
Moderate interval 1x: 2° exercise, 2 active pause, 6 rep.
Adaptation
) Light continous 1x: 25" exercise
Moderate interval 1x: 2” exercise, 2° active pause, 4 rep.
3 Light to moderate continous 1x: 35" exercise

Moderate interval 2x: 2” exercise, 2” active pause, 8 rep.

Frequency 4

Light to moderate continous 1x: 40" exercise
Moderate interval 2x: 2” exercise, 2 active pause, 10 rep.

Ideal progression

5 Light to moderate continous 1x: 45" exercise
Moderate to vigorous interval 2x: 2 exercise, 2" active pause, 12 rep.

5 Light to moderate continous 2x: 50" exercise
Vigorous interval 2x: 2 exercise, 2 active pause, 8 rep.

Intensity 7

Light to moderate continous 2x: 55 exercise
Vigorous interval 2x: 2" exercise, 2" active pause, 10 rep.

v

8 Light to moderate continous 2x: 60" exercise
Near maximal interval 2x: 2" exercise, 2" active pause, 12 rep.

Here, a comprehensible protocol is used to adjust the training
load using the principle of periodizing and cyclizing (frequency,
intensity, time, type, volume, pattern, and progression; Figure
4) [43,45,59]. The gradual progression of the training load is
based on weekly feedback of the participant viathe Foster scale
(0-10) [120]. The value for ailments has a higher priority than

the load value. An optimal training load increase over 8 weeks
of thetraining intervention is shownin Figure 3. After 8 weeks,
each participant in the IG can end the training intervention on
another stage based on the weekly feedback. In addition to the
exercise training, the participants can conduct relaxation
exercisesin the form of stretching and mobilization exercises.

Figure 4. Individual training adjustment using the modified Borg scale [120] and the FITT-VP principle [43,45,59]. FITT-VP: Frequency, Intensity,

Time, Type, Volume, Pattern, and Progression.

Ailment value
(0-10)
Load value
(0-10)

Adjustment

|G and CG participantswill receive a smartwatch (M430, Polar
Electro Qy) to record training times and monitor daily activities
(eg, step count and sitting time). In addition, smartwatch data
will be used to control for additional physica activity apart
from the training intervention in the 1G and physical activity,
in general, in the CG. Furthermore, it will be used as a
mechanism to control for the effect on primary outcomes by
only receiving an intervention. The heart rate and distance of
the training session will be recorded by the |G using the M430,
which enables comparison of the data reported via the weekly
feedback with smartwatch-recorded data. In the CG, the
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smartwatch is only used to record daily activity. To improve
adherence of all participants, 15 smartwatches will be raffled
among all participants who have completed the study.
Web-Based Supervision

Thetraining intervention described above will be accompanied
and remotely supervised with the help of aweb-based physical
exercise training support via a website (Figure 5) [121]. In a
personal appointment after the incremental stepwise running

test, the participantsin the IG will be introduced to the website
and will receive comprehensive information about the training.
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External access to the website is not possible as only study
participants can register. Both the introduction and the remote
training supervision will be done by 1 person, which enables
the coach to supervise several participants in their training
process without any time constraints. Although there is no
face-to-face supervision, based on the objective training session
heart rate data and GPS dataas well as the subjective feedback,
adequate supervision can be guaranteed remotely. Participants
have the possibility to get in direct contact with the coach via
a message function, for example, in case of problems or
uncertainties. The weekly training scheduleis also transmitted
Figure 5. The home screen of the used website [121].

0 Spertbetreuung Univerit

« ¢ &

Herzlich

Ochmann et al

in this manner. If aparticipant misses the feedback, areminder
is sent via email at the beginning of the following week. In a
tablethat participants can download from the website, they will
enter various medical and sports values that are therapeutically
relevant after each training session. These datawill be used for
evaluation and for the training adjustment of the following week,
as described in Figure 4. A follow-up is planned at 12 weeks
(T4) and 24 weeks (T5) after completion of T3, and participants
will be asked via email to complete the web-based
guestionnaires used at T2.
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Data Management and Security

All datawill berecorded and stored in the Department of Sports
Medicine, Prevention, and Rehabilitation (Mainz, Germany),
and access will be restricted to authorized personnel.
Confidential information will be stored safely in the trial files
and will not be shared with any other third institution or entity
except in response to a lega requirement. Electronic data will
be stored on password-protected computersin arestricted-access
building. All datawill be pseudonymized and submitted to the
evaluation team for analysis. A data manager from each
department is nominated, who will be responsible for data
management and processing. The data and safety management
team will be formed by the members of the project. Only the
data manager will have access to all personal data Trid
documentation and data will be archived for 10 years after
completion of thetrial. All dropouts and the reason for dropping
out of the study will be reported. Any harm or unintended events
during the examinations will be recorded and reported to the
Landesdrztekammer (State Medical Association)
Rhineland-Palatinate. The results will be publicly available in
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open-access journals and presented via contributions at
conferences and congresses according to good scientific practice.

Statistical M ethods

The power cal cul ation was based on the analyses of the primary
outcomes, that is, aerobic capacity (VO,peak) and experimental
stress reactivity (saliva cortisol). On the basis of the results of
Bacon et al [122], the sample size was determined a priori via
power analysis (G* Power V5), yielding aminimum samplesize
of 67 for amedium-to-large effect size of f(\V)=0.35. An alpha
error set to .05 and statistical power of 0.80 were assumed for
amultivariate analysis of variance (MANOVA) with 2 repeated
measurements, 2 groups, and interaction effects. Descriptive
statistics will be used for all outcome measures at each time
point to give an overview of al results. First, MANOVA will
be performed with the main primary outcomes as dependent
variables, that is, aerobic capacity (VO,peak) and experimental
stress reactivity (saliva cortisol) to maximize the power of the
analyses and to be able to investigate the main and interaction
effects of time (baseline [TO, T1] vs post [T2, T3]) and group
(IG vs CG). Groups should be equal at preintervention (TO and
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T1). A time effect should be observed for the |G. Furthermore,
we expect asignificant timexgroup interaction asthe 1G should
react differently over time, with a higher increase in aerobic
capacity (VO,peak). Significant effects of the MANOVA will
befollowed up by posthoc analyses of variance. Asasecondary
aim of our study, we aim to identify variables (eg, emotion
regulation and biological metrics) that mediate the relationship
between physical exercise and resilience outcomes. To that end,
we plan to calculate multiple regression analyses that include
potential mediators. Principal component analyses regarding
potential mediating variableswill precede the mediator analyses
to avoid redundancy in our regression models. This will be
statistically detailed with posthoc tests and corrections for
multiple comparisons (Bonferroni-Holm correction [123]).
Missing data will be omitted from the data set.

Results

The study was registered in October 2019 (DRK S00018078).
Enroliment began in September 2019 and was paused from
April 2020 until submission of this study protocol because of
the COVID-19 pandemic. Of the 161 interested people who
have contacted us so far, 26.7% (43/161) fulfilled theinclusion
criteria. Among the 55% (17/31) participantsinthe |G and 45%
(14/31) participantsin the CG, who completed the study (N=31),
no serious adverseincidents were reported. Within the program,
9% (4/43) of participants (2/17, 12% in the |G and 2/14, 14%
in the CG) withdrew because of individual reasons (dropout
rate 11.4%). Approximately 19% (8/43) have not yet participated
in the program because of the COV1D-19 pandemic. Although
the COV1D-19 pandemic does not affect the web-based exercise
training approach, the study had to be paused in April 2020, as
it was not possible to determine the primary and secondary end
points (VO,peak and cortisol levels) because of the lockdown
of thelaboratory facilities. Further study recruitment will resume
when COVID-19restrictions are completely lifted. Onthebasis
of the experiences from the first recruitment period, the study
is expected to continue for another 6 months to complete the
intended sample size.

Discussion

Benefits of the Study

Evidence that exercise can lead to various benefits in mental
health and resilience is increasing [16,124-129]. This positive
impact was achieved in supervised as well as unsupervised
exercise programs. Here, we implement a study design that
addressesthelink between aerobic capacity and resilience from
amultifactorial perspectiveto understand why some peopleare
more resilient to stress than others. To follow this question, we
will investigate the association between innate and trained
aerobic capacitiesin theform of VO,peak of healthy, physically
inactive adults and their resilience expressed primarily by
salivary cortisol level changes and emotion regulation ability
in response to different stress paradigms. We hypothesize that
(1) participants with a high innate aerobic capacity will show
a higher resilience to stress compared with participants with
low aerobic capacity. Furthermore, we hypothesize that (2) 8
weeks of individually structured interval-type and continuous
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endurance exercisetraining remotely supervised by aweb-based
approach will improve the aerobic capacity of healthy inactive
adults and that (3) the change from sedentary to an active
lifestyle will improve resilience. In this study setting, we will
be able to exploratively examine the molecular link between
the effects of acute and chronic physical exercise and improved
resilience to stress.

Strengths and Limitations

The strengths of our web-based, supervised physical exercise
training approach with a focus on increasing VO,peak in
healthy, physically inactive adults are asfollows: (1) participants
are not location dependent for the training sessions; (2)
individualized, gradual, and timely adjustment of training
content based on the individual’s feedback reduces the risk of
injury, avoids overtraining, and avoids ineffective training; and
(3) only 1 sports therapist or trainer is needed for training
management of several training groups or trainees, which
obviously has economic advantages and reduces bias from
different sportstherapists. However, web-based training support
also has disadvantages compared with presence (face-to-face)
interventions. Notably, it requires access to the internet, which
limits the study population. Furthermore, we are dependent on
the correct and complete documentation of the training sessions
by the participants. For an objective way to control reports on
the training and to remotely supervise the participants in the
IG, we included a smartwatch (Polar M430) that records the
heart rate and distance of theindividual training sessions. These
are given to both the |G and CG participantsto exclude an effect
on the study outcome only by wearing the smartwatch.
Furthermore, group or partner training can bring motivational
and social benefits[130-132], which isnot directly providedin
our web-based physical exercise training support. This may
reduce adherence of the participants to the study and,
additionally, exclude the social aspect of the effect of an active
lifestyle on resilience. Therefore, communication via the
web-based platform isintended to be frequent and without any
restraints toward the trainer. Finally, inexperience, fear, and the
risk of injury can occur during an unaccustomed and intensive
training load, which could be reduced or not arise at all through
presence support. To counteract this, we have implemented a
2-week adaptation phase in our training intervention that will
offer an easy training start and reduce the indicated risks. In
addition, we address the individual needs of the participants
based on their weekly feedback, so overload isunlikely to occur
during theintervention. Adhering to the described improvements
inweb-based physical exerciseinterventionswill offer the most
individual and effective training support with a simultaneously
reduced workload for the coach. With this, our research group
has already successfully conducted similar studies using the
internet for training interventions in patients with Barrett
carcinoma, nonalcoholic fatty liver disease, depression, cystic
fibrosis, and systemic lupus erythematosus [40-45].

Here, we selected an exercise intervention period of 8 weeks
using a combination of interval-type training and continuous
endurance exercise to efficiently enhance aerobic capacity in a
short period. Interval training improves VO,peak more strongly
in comparison with continuous exercise training [8]. Moreover,
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psychological benefits in attention, complex attention, and
executive function were shown in high-intensity interval training
compared with those in low-intensity training [133-135].
However, to counteract overtraining and risk of injury and to
promote adherence, we complement interval-typetraining with
endurance exercise ons. A number of high-intensity interval
training and moderate-intensity intervention studies with
physically inactive participants decided for a comparable
exercise intervention time leading to significant increases in
VO,peak of 3%-19% [9-11]. Although a longer intervention
period generally leads to higher increases in maximal oxygen
uptake [122], it has been reported that enjoyment of interval
training decreases with time [10]. Therefore, we considered a
study design that used mixed model exercise sessions with a
short intervention time of 8 weeks as efficient to enhance aerobic
capacity in physically inactive adults and as suitable to analyze
the impact on resilience.

Repeated stressinduction and the estimation of resiliencefactors
in a test-retest setting, as chosen in our study, are obstacles to
resilience research. It was shown that for psychological stress
tests, atest-retest design could lead to alearning effect, resulting
in lower stress response [136,137]. Here, we use 2 different
stress tests for TO and T2 to reduce habituation to the applied
stressor. By randomly assigning participants to the 2 groups,
we intend to obtain the best estimate of the intervention effect
on stress responses. However, differences in stress parameters
at T2 might not exclusively be attributed to the intervention, as
possible placebo effects (ie, simply receiving an intervention)
or mediators may need to be considered. Previous studies
analyzed similar between-subject comparisons, with less stress
reactivity during the Trier Social Stress Test in trained men
compared with untrained men [138]. In addition, we account
for preintervention differencesin stressreactivity and recovery
by applying the SECPT at TO. However, as measuresfrom both
stresstests are not directly comparable, the experimental design
does not permit within-subject analyses. To assess differences
inindividual changeswithinthelG, future studies may construct
and apply parallel versions of a stress test pre and
postintervention.

Several psychologica interventions have been similarly used
toincreaseresilience [139], and it might have been interesting
to have a sport exercise group; a psychological exercise group
that uses a psychoeducational element, such as cognitive
restructuring; a mixed model group (sport and psychological);
and a CG to obtain the influence of different types of
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interventions and their combinations on resilience to stress
exposure. In our study, we focus on the physiological aspects
of increasing VO,peak and its effect on resilience only.
However, theidentified relationshi ps between molecular markers
and exercise-induced resilience parameters in our setting may
befurther elucidated in mixed model interventionsin follow-up
studies.

We cannot exclude a selection bias so that persons who are
generaly interested in (1) psychological questions, (2) physical
exercise, or (3) web-based services are rather addressed by the
study announcement. Furthermore, because of a high time
commitment for presence tests (2 measurement time points
before and after the intervention), (4) people who live close to
the survey site are more likely to participate and complete the
study. On the basis of the World Health Organization guidelines
on physical activity and sedentary behavior, we included
individuals who were physically active for <150 minutes/week
[140]. These individuals are described as insufficiently active,
although this definition is very strict. Possibly, a cutoff point
of physical activity <90 minutes/week would obtain a greater
effect on the primary outcomes. Here, we decided in favor of
the adherence to the study considering the training times that
had to be completed.

Resilience is a dynamic and variable state that can be
represented in a multifactorial manner. So far, individual
instruments havefailed to fully capture the variance of resilience
[17,141,142]. For this reason, our study uses awide variety of
methods (physiological [blood markers, saliva markers, and
hair] and psychological [questionnaires, stresstests, and emotion
regulation]) to have a large number of independent predictors
to clarify the variance in resilience to the greatest degree of
accuracy. Owing to the high number of methods and the
collected variables, spurious correlations or pseudoassociations
may occur [143], especially when exploratory analysis is
performed beyond hypothesis testing. The validity of these
findings may be estimated in future studies.

Conclusions

This study will allow us to investigate whether an increase in
physical activity with a simultaneous improvement in aerobic
capacity isassociated with anincreasein resilience and whether
this effect is reflected in circulating molecular marker levels.
Thesefindingswill help to reveal novel characteristics of human
resilience and may offer novel approaches for the prevention
and therapy of mental disorders by exercise prescription.

The authors thank Dr Laura Bindila and Dr Eva-Maria Kramer-Albers for their substantial advice on the analysis of molecular
blood parameters in their study. They would also like to thank Dr Daniel Pfirrmann for the development and provision of the

website.

Thiswork wasfunded by the Boehringer Ingel heim Foundation, subproject BIS 05, in support of the Deutsche Resilienz Zentrum.
The design, management, analysis, and reporting of the study were independent of the Boehringer Ingelheim Foundation.

The data sets used and analyzed during this study are available from the corresponding author upon reasonable request.

https://www.researchprotocols.org/2021/11/€29712

JMIR Res Protoc 2021 | vol. 10 | iss. 11| e29712 | p. 16
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Ochmann et al

Authors Contributions

PS, BL, MW, and KL conceived the original ideas. DTO, AB, KFAR, BH, EN, and PS conceived and planned physical exercise
testing and intervention. AB, EN, DTO, IRA, PS, and BL conceived and planned the molecular marker analysis. PZ, MS, and
MW conceived and planned psychological testing. DTO and AB wrote the manuscript in consultation with KFAP, PZ, MS, BH,
EN, IRA, KL, MW, BL, and PS.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

CONSORT-eHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDF File), 12772 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Flyer announcement for the study.
[PDE File (Adobe PDF File), 503 KB-Multimedia Appendix 2]

References

1.  Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. Can Med Asso J 2006
Mar;174(6):801-809 [FREE Full text] [doi: 10.1503/cmaj.051351] [Medline: 16534088]

2. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise astherapy in 26 different chronic diseases.
Scand JMed Sci Sports 2015 Dec; 25 Suppl 3:1-72. [doi: 10.1111/sms.12581] [Medline: 26606383]

3. Rovio S, Spulber G, Nieminen LJ, Niskanen E, Winblad B, Tuomilehto J, et al. The effect of midlife physical activity on
structural brain changesin the elderly. Neurobiol Aging 2010 Nov;31(11):1927-1936 [FREE Full text] [doi:
10.1016/j.neurobiol aging.2008.10.007] [Medline: 19062136]

4.  Firth J, Stubbs B, Vancampfort D, Schuch F, Lagopoulos J, Rosenbaum S, et al. Effect of aerobic exercise on hippocampal
volume in humans. a systematic review and meta-analysis. Neuroimage 2018 Feb 01;166:230-238 [FREE Full text] [doi:
10.1016/j.neurcimage.2017.11.007] [Medline: 29113943]

5.  Malkiewicz MA, Szarmach A, Sabisz A, Cubata WJ, Szurowska E, Winklewski PJ. Blood-brain barrier permeability and
physical exercise. JNeuroinflammation 2019 Jan 24;16(1):15 [FREE Full text] [doi: 10.1186/s12974-019-1403-x] [Medline:
30678702]

6. Pallard T, Rolland Y, de Souto Barreto P. Protective effects of physical exercise in Alzheimer's disease and Parkinson's
disease: anarrative review. J Clin Neurol 2015 Jul;11(3):212-219 [FREE Full text] [doi: 10.3988/jcn.2015.11.3.212]
[Medline: 26174783]

7.  Chekroud S, GueorguievaR, Zheutlin A, Paulus M, Krumholz HM, Krystal JH, et al. Association between physical exercise
and mental healthin 1-2 million individualsin the USA between 2011 and 2015: a cross-sectional study. Lancet Psychiatry
2018 Sep;5(9):739-746 [FREE Full text] [doi: 10.1016/S2215-0366(18)30227-X]

8. Helgerud J, Haydal K, Wang E, Karlsen T, Berg P, Bjerkaas M, et a. Aerobic high-intensity intervals improve VO2max
more than moderate training. Med Sci Sports Exerc 2007 Apr;39(4):665-671. [doi: 10.1249/mss.0b013e3180304570]
[Medline: 17414804]

9.  Fisher G, Brown AW, Brown MM, Alcorn A, Noles C, Winwood L, et a. High intensity interval- vs moderate intensity-
training for improving cardiometabolic health in overweight or obese males: a randomized controlled trial. PLoS One
2015;10(10):e0138853 [FREE Full text] [doi: 10.1371/journal.pone.0138853] [Medline: 26489022]

10. Foster C, Farland CV, Guidotti F, Harbin M, Roberts B, Schuette J, et al. The effects of high intensity interval training vs
steady state training on aerobic and anaerobic capacity. J Sports Sci Med 2015 Dec;14(4):747-755 [FREE Full text] [Medline:
26664271]

11. VelaCA, Taylor K, Drummer D. High-intensity interval and moderate-intensity continuoustraining elicit similar enjoyment
and adherence levels in overweight and obese adults. Eur J Sport Sci 2017 Oct;17(9):1203-1211 [FREE Full text] [doi:
10.1080/17461391.2017.1359679] [Medline: 28792851]

12.  Jackson EM, Dishman RK. Cardiorespiratory fitness and laboratory stress: a meta-regression analysis. Psychophysiology
2006 Jan;43(1):57-72 [FREE Full text] [doi: 10.1111/j.1469-8986.2006.00373.X] [Medline: 16629686]

13. Dishman R, Jackson E. Exercise, fitness, and stress. Int J Sport Psychol 2000;31(2):175-203 [FREE Full text]

14.  Aberg MA, Waern M, Nyberg J, Pedersen NL, Bergh Y, Aberg ND, et al. Cardiovascular fitnessin males at age 18 and
risk of serious depression in adulthood: Swedish prospective population-based study. Br J Psychiatry 2012
Nov;201(5):352-359 [FREE Full text] [doi: 10.1192/bjp.bp.111.103416] [Medline: 22700083]

https://www.researchprotocols.org/2021/11/e29712 JMIR Res Protoc 2021 | vol. 10 | iss. 11 | €29712 | p. 17
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=resprot_v10i11e29712_app1.pdf&filename=aaf054524042e618a0a390d908e0e222.pdf
https://jmir.org/api/download?alt_name=resprot_v10i11e29712_app1.pdf&filename=aaf054524042e618a0a390d908e0e222.pdf
https://jmir.org/api/download?alt_name=resprot_v10i11e29712_app2.pdf&filename=cb67f5667d6a9245c33e81eae5d6d772.pdf
https://jmir.org/api/download?alt_name=resprot_v10i11e29712_app2.p