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Abstract

The benefits of physical activity are undisputed. However, adverse events can occur in rare cases, particularly during high-
intensity or prolonged exercise. During physical activity, at-risk patients can experience major cardiac events, whereas
adverse events affecting the musculoskeletal system are more common but less severe. A sports preparticipation evaluation
(PPE) for apparently healthy adults is designed to detect at-risk individuals and prevent potentially fatal events. This guideline
for conducting PPEs was developed by consensus among 16 medical societies and sports associations and is based on previ-
ously published guidelines and consensus papers. Sports medicine physicians and potential participants were also surveyed
to assess the recommendations’ content, feasibility, and implementation. On the basis of the 20 recommendations developed
and agreed upon by the abovementioned entities, PPE comprises individuals’ personal, family, and sports histories, as well as
a physical examination. The need for additional examinations (e.g., laboratory parameters, echocardiograms, or stress tests)
is determined on the basis of the PPE findings. This approach’s feasibility in various regions, including resource-limited
settings, and the extent to which it prevents adverse or potentially fatal events, should be examined in future research.
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NATA National Athletic Trainers’ Association
PAD Peripheral artery disease

PPE Sports preparticipation evaluation

RED-S Relative energy deficit in sport
SARS-CoV-2  Acute respiratory syndrome-coronavirus-2
TTE Transthoracic echocardiography

USA United States

WHO World Health Organization

This new consensus-based sports preparticipation evalu-
ation (PPE) guideline is intended for healthy adults who
plan to start exercising regularly or at higher intensities.

The PPE serves to screen for individuals at risk of fatal
events while exercising.

These PPE guidelines are based mainly on individuals’
medical history and physical examination results. Fur-

ther examinations are recommended only if abnormali-
ties are detected.

This PPE can also provide a foundation for individual
training recommendations, increasing an individual’s
motivation to pursue an active lifestyle.

National and international register studies are required to
assess the benefits of this PPE and reevaluate our recom-
mendations.

1 Introduction

Physical activity undisputedly offers widespread benefits
across all age groups and sexes, including preventing
and treating chronic diseases [1, 2]. The World Health
Organization currently recommends 150-300 min of
moderate-intensity exercise at least 5 days per week or
75-150 min of high-intensity exercise at least 3 days per
week; the more, the better [1, 2]. However, individu-
als with underlying or undiagnosed medical conditions,
especially those who engage in sudden, high-intensity
exercise, may face health risks, including musculoskele-
tal injuries and, more rarely, serious cardiac events [3-5].
This phenomenon, often called the “exercise paradox”,
highlights that while exercise reduces long-term cardi-
ovascular risk, it can also trigger acute cardiac events

in vulnerable individuals [6]. A sports preparticipation
evaluation (PPE) is recommended to mitigate such risks
by identifying at-risk individuals and providing guidance
on safe physical activity [4].

To date, most international recommendations for PPEs
have focused on elite athletes and are primarily based
on expert consensus derived from organized competi-
tive sports, such as the current European Federation of
Sports Medicine Associations (EFSMA) guideline on
preparticipation medical evaluation for elite athletes
[7]. The Italian Working Group has recently updated the
Italian Cardiological Guidelines (COCIS) for Competi-
tive Sport Eligibility in athletes with heart disease [8].
Only few guidelines have specifically addressed recrea-
tional athletes or individuals who are new or returning
to exercise [9]. In this context, the American College of
Sports Medicine (ACSM) proposed a two-stage screen-
ing process before the start of moderate or intense train-
ing [10]. The European Association for Cardiovascular
Prevention and Rehabilitation (EACPR) [11] has also
introduced screening guidelines for middle-aged and
older adults before exercise that vary according to the
individual’s cardiac risk profile and the intended level
of physical activity. Ermolao et al. [12] compared the
EACPR and ACSM guidelines [13, 14], finding that 49%
of cardiovascular conditions were missed by the EACPR
guidelines, 29% by the older ACSM guidelines, and 50%
by the new ACSM guidelines.

Therefore, the most effective and practical methods
of evaluating sports-related risks in apparently healthy
adults (aged > 18 years) who are starting or resuming
intense physical activity remain to be identified. To
address this need, a consensus-based guideline was
developed under the auspices of the German Society for
Sports Medicine and Prevention (Deutsche Gesellschaft
fiir Sportmedizin und Pravention [DGSP]) [15]. This
guideline is based on current international recommenda-
tions and is aimed at healthy adults, including individuals
recovering from conditions such as cancer, joint injuries,
or joint surgeries—not elite athletes. The PPE should
be performed by specialized sports physicians who are
adequately trained in the cross-disciplinary nature of the
evaluation (for specialist medical training see European
Union [EU] Article 26 of Directive 2005/36/EC [16] or
course-based medical training in sports medicine, Ger-
many [17]). The PPE may also serve as a baseline for
exercise-related counseling, applying the frequency,
intensity, time, type, volume, and progression (FITT-VP)
principle. In addition, the individual’s cardiorespiratory
and muscular fitness should be assessed owing to their
protective nature against noncommunicable diseases [18,
19].
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The aim of this paper was to provide an overview of the
consensus-based guidance that was published on the Guid-
ance Manual of the German Association of Scientific Medi-
cal Societies (Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften [AWMF]) register [15]
and to contextualize the recommendations for an interna-
tional audience. In addition, we summarized the approach
and methods employed and provided further detail of the
screening algorithm, background considerations underlying
each recommendation, resp. medical history and examina-
tion forms.

2 Methods

The DGSP, a nonprofit specialty organization, commis-
sioned this consensus-based guideline. It was developed on
the basis of the Guidance Manual of the German Associa-
tion of Scientific Medical Societies (Arbeitsgemeinschaft
der Wissenschaftlichen Medizinischen Fachgesellschaften
[AWMEF]) and followed the process outlined in Fig. 1.

2.1 Guideline Classification

German clinical practice guidelines are developed with
a classification system (S-classification) that describes
how much systematic methodology is applied [20]. The
guideline classes range from S1 (recommendations by
expert groups, developed using informal consensus) to
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S2e (evidence-based guidelines without formal consen-
sus methods) and S2k (formal consensus-based guide-
lines without systematic evidence reviews) to S3 (formal
consensus-based guidelines with systematic evidence
reviews). The developing organization chooses the class
according to how much effort is appropriate and feasible.

The DGSP was responsible for the guideline develop-
ment and selected class S2k. Therefore, the development
of this guideline involved a formal, structured consensus
process within a representative committee but no system-
atic review of the evidence. We suspected that comparative
studies could not adequately address many of the clinical
questions for a guideline on sports PPEs (see Sect. 2.4).
Therefore, the development of an evidence-based guide-
line would be neither feasible nor resource-efficient at this
stage.

2.2 Stakeholder Involvement

All relevant professional groups, including specialist soci-
eties and organizations, appointed delegates to the Guide-
line Development Group (Box 1). The DGSP’s executive
and scientific advisory boards nominated a panel of 14
experts to support the development of recommendations
in an advisory capacity; panel members were selected for
their expertise in various specialist areas (e.g., sports car-
diology, orthopedics, ophthalmology, and neurology).
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Fig. 1 The guideline development process based on the Guidance Manual of the German Association of Scientific Medical Societies (Arbeitsge-
meinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften [AWMEF]) [20], with timelines
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[DGSP])

Familienmedizin [DEGAM])

Rehabilitative Medizin [DGPRM])

Kreislaufforschung [DGK])

Gesellschaft fiir GefaRmedizin [DGA])

Beatmungsmedizin [DGP])

Unfallchirurgie [DGOU])

Sportmedizin [GOTS])

und Nationales Paralympisches Komitee [DBS])

Gesundheitssport und Sporttherapie [DVGS])

Box 1. Composition of the Guideline Development Group

Steering group: Christine Joisten and Anja Hirschmiiller (DGSP, Guideline Chairs), Kathe Goossen and Alina
Weise (IFOM, Institute for Research in Operative Medicine, Guideline Methodologists).

Methodology consultant: Monika Nothacker (AWMF).

Participating specialist societies and organizations appointing delegates to represent them (1 vote each):
German Society for Sports Medicine and Prevention (Deutsche Gesellschaft fiir Sportmedizin und Prévention
German Society for General Practice and Family Medicine (Deutsche Gesellschaft fir Allgemeinmedizin und
German Society for Internal Medicine (Deutsche Gesellschaft fiir Innere Medizin [DGIM])

German Diabetes Society (Deutsche Diabetes Gesellschaft [DDG])

German Society for Physical and Rehabilitative Medicine (Deutsche Gesellschaft fiir Physikalische und
German Society for Cardiology — Cardiovascular Research (Deutsche Gesellschaft fiir Kardiologie — Herz- und
German Society for Prevention and Rehabilitation of Cardiovascular Diseases (Deutsche Gesellschaft fiir
Pravention und Rehabilitation von Herz-Kreislauferkrankungen [DGPR])

German Society for Angiology — Society for Vascular Medicine (Deutsche Gesellschaft fir Angiologie —

German Hypertension League (Deutsche Hochdruckliga [DHL])
German Society for Pneumology and Respiratory Medicine (Deutsche Gesellschaft fiir Pneumologie und

German Society for Orthopaedics and Trauma Surgery (Deutsche Gesellschaft fir Orthopéadie und

German Obesity Society (Deutsche Adipositas-Gesellschaft [DAG])
Society for Orthopaedic-Traumatological Sports Medicine (Gesellschaft fiir Orthopadisch-Traumatologische

German Olympic Sports Confederation (Deutscher Olympischer Sportbund [DOSB])
German Disabled Sports Association and National Paralympic Committee (Deutscher Behindertensportverband

German Association for Health-Related Physical Activity and Exercise Therapy (Deutscher Verband fir
Participating experts nominated by the DGSP executive and scientific advisory boards covered the following

areas of expertise (no voting rights): neurology, psychiatry, ophthalmology, internal medicine or cardiology,
pulmonology, orthopedics/trauma surgery, nutrition, and sports medicine or science.

The views and preferences of the target population
(i.e., potential participants) and the target users of the
guideline (i.e., sports physicians and general practition-
ers) were collected with two online surveys [21]. The
surveys addressed the acceptability and feasibility of the
PPE, and respondents were asked to comment directly
on the draft recommendations. Their feedback informed
discussions about the final recommendations and remarks
on views and preferences that were added to the complete
guideline text.

2.3 Management of Competing Interests

All authors of the guideline disclosed any direct, finan-
cial, or indirect interests using an online form. A peer
group assessed the relevance and level of conflict indi-
cated before the consensus conference (Supplementary
Material 1).

2.4 Systematic Review of Existing Guidelines
and Recommendations

In preparation for guideline development, we systematically
reviewed the evidence- or consensus-based recommenda-
tions for PPEs published since 2012 [9]. This review was
intended to identify potential guideline questions and deter-
mine the availability of primary study evidence to support
the PPE recommendations. It resulted in 35 guidelines and
consensus statements identified from developed countries
worldwide (Fig. 2). These mainly targeted athletes or par-
ticipants in organized sports but some targeted the general
population or specific subgroups. A total of 305 recommen-
dations were made over various topics. Most recommenda-
tions (87%) did not cite evidence from primary studies.

2.5 Guideline Questions

On the basis of the systematic review (Sect. 2.4), the steering
group proposed guideline questions [9] that were revised,
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Fig.2 A systematic review of
guidelines and consensus state-
ments. The characteristics of the
35 included documents, sorted
by A geography and B popula-
tion, and the characteristics of
the recommendations made
within them, sorted by C health
topic and D link to primary
study evidence (n =305 recom-
mendations citing 55 primary
studies) [9]. ECG electrocar-
diogram, RED-S relative energy
deficit in sport
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discussed, and finalized in an online Delphi process, includ-
ing a survey and consensus meeting [15].

2.6 Evidence Base

The systematic review (Sect. 2.4) was used to obtain evi-
dence from primary studies as follows. Whenever the 35
selected guidelines and consensus documents (Supplemen-
tary Material 2) directly linked their recommendations to
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primary studies, these were used as evidence for our guide-
line (55 studies; Fig. 2D). However, most included docu-
ments were consensus-based and did not refer to primary
studies as evidence. Therefore, the evidence base was sup-
plemented with comparative studies of PPEs that were
known to the authors of this German guideline or recom-
mended for consideration by the participating experts. The
German S2k class of guidelines does not generally entail
a full systematic review of primary studies, and no such
review was conducted (see Sect. 2.1 for the rationale).
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Table 1 Grades of recommendations and classifications of consensus strength

Grade of recommendation  Corresponding ACC/AHA class [25] Symbol, wording Definition

Strong recommendation Class I (strong) or class III: harm (strong) M

verb in the imperative tense

A net benefit is expected for most indi-
viduals, and no relevant groups who
would not benefit are known

Moderate recommendation Class IIa (moderate) or class III: no ben- A net benefit is expected for many indi-

efit (moderate) modal verb “should”

Weak recommendation Class IIb (weak)

viduals, but relevant groups who would
not benefit are known

Or: The expected benefit is estimated to
be small

S Uncertain net benefit
modal verb “can”

Or: A net benefit is expected only for
specific individuals, or the intervention
is not recommended as a standard of
care

Consensus strength Approval rate* Consequence

Strong consensus >95% of eligible votes®

Moderate consensus

The recommendation was approved
>75-95% of eligible votes® The recommendation was approved, and diverging views were documented alongside the

recommendation or in the background text

Majority agreement 50-75% of eligible votes®
vote

No majority agreement < 50% of eligible votes®

The recommendation was revised to account for diverging views, followed by a repeat

The recommendation was rejected

*Recommendation may be for or against an intervention

®Eligible votes consisted of one vote per specialist society/organization, excluding delegates with moderate or strong conflicts of interest

Each guideline was appraised using Domains 3 (“Rig-
our of Development”) and 6 (“Editorial Independence”) of
the Appraisal of Guidelines for Research and Evaluation-II
(AGREE-II) [22, 23]. Each primary study was assigned a
level of evidence [24].

2.7 Development of the Recommendations

The delegates and experts formed three working groups for
internal medicine, orthopedics, and other topics. Each work-
ing group reviewed the relevant primary evidence and pre-
pared draft recommendations on the basis of the guideline
questions. They reviewed the results of the stakeholder sur-
veys, revised the recommendations, and wrote background
text explaining the rationale for each recommendation.

2.8 Strength of the Recommendations

The Guideline Development Group determined the strength
of recommendations through a formal consensus procedure.
Symbols and specific wording were used to express the
grade of recommendation as defined in the AWMF Guid-
ance Manual (Table 1) [20]. This table also indicates the cor-
responding class under the American College of Cardiology
(ACC)/American Heart Association (AHA) Clinical Practice
Guideline Recommendation Classification System that is
widely used by organizations such as the European Society

of Cardiology (ESC) [25]. The grading corresponds to the
degree of certainty that the observed benefit of an interven-
tion outweighs its potential harm and that the positive effects
are relevant to the guideline population. When grading the
recommendations, we considered the balance of benefit to
harm, benefit to estimated cost, confidence in the evidence
(where available), potential participants’ survey-reported
views and preferences, sports physicians’ survey-reported
perceptions of feasibility, and the Guideline Development
Group’s clinical expertise.

2.9 Consensus Procedure

Consensus was reached via a two-step process. The first
step was an online Delphi survey that asked the Guide-
line Development Group to comment on and vote for the
selected recommendations. This step was applied only to
recommendations with a low expected need for discussion
(i.e., recommendations that achieved consensus among all
working group members and had received few comments
in the acceptability and feasibility surveys). Recommen-
dations were approved if they reached a strong consensus
(Table 1) and received only editorial remarks. The second
step was a structured consensus conference, which was held
on 29 November 2023 as a Zoom-based web conference and
moderated by the guideline methodologist with the support
of an external neutral methodology consultant trained in
structured consensus-seeking methods. At this conference,
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participants discussed, modified (if necessary), voted on, and
endorsed recommendations and their corresponding grades.
Each specialist society and organization had one vote. Vot-
ing was anonymous. The consensus strength (Table 1) was
documented alongside the recommendations, and no recom-
mendations with an approval rate of <75% were included, so
all recommendations were approved with a strong or moder-
ate consensus.

If individual specialist societies and organizations disa-
greed with the wording or grade of a recommendation, they
were allowed to express their views by submitting an alterna-
tive recommendation wording or grading with a justification.
Documentation of diverging views still led to the accept-
ance of any recommendation with an approval rate of >75%
(Table 1, moderate consensus).

2.10 Peer Review

In the peer consultation phase, the guideline’s key recom-
mendations and background texts were submitted to all
participating societies and organizations for review by their
boards and executive committees. A structured comment
form was used to record their suggestions for changes and
justifications. The results were then discussed by the guide-
line coordinators and incorporated into the guideline text.

2.11 Overall Approval and Updating

The guideline was formally approved by the executive
boards of all participating societies and organizations and
was accepted for publication by the AWMF on 11 April
2024 [15]. The guideline is set to be updated in March 2029.
If new scientific findings arise that call its recommendations
into question, updates will be made earlier.

2.12 Editorial Independence

The guideline development process was unfunded; all mem-
bers of the working groups were unpaid volunteers. The
methodology team received funding from the nonprofit lead
specialist society (DGSP) to prepare the synopsis, imple-
ment the surveys, and develop the guideline methodology.
They received no additional financial support. Most impor-
tantly, no support from industry or for-profit funding organi-
zations was used.

3 Recommendations

The following recommendations for PPEs for healthy adults
who intend to start or return to intense physical activities
were established through the consensus process described
above.

3.1 Population and General Advice

3.1.1 Recommendation 1

A PPE should be offered to adults practicing or intending to start
sports

Recommendation grade: moderate T
Strength of consensus: 85%* (moderate)

Justification: The available outcome data are insufficient to offer
every adult an appropriate examination, especially for light- to
moderate-intensity sporting activities. The idea that every sport-
ing activity entails increased risks should be avoided. However,
the Guideline Development Group assumes that the benefits of an
examination outweigh the risks because it can prevent exercise-
related adverse events. In addition, the examination results can be
used to motivate individuals to adopt active lifestyles

* DEGAM diverging view: A PPE can be offered to adults practic-
ing or intending to start sports

There is insufficient evidence about this recommendation’s benefits
and harms. While the Guideline Development Group assumed a
main benefit, in the opinion of the DEGAM, the potential harm
and the impact on care were insufficiently recognized. First,
such an offer would entail a considerable commitment of human
resources, which are currently—and will increasingly be—lack-
ing, worsening care for the rest of the population, or overburden-
ing existing healthcare staff. Second, a “should” (moderate) rec-
ommendation means considerable uncertainty for those involved:
Should sports be started and continued only after a comprehen-
sive preventive medical check-up? Such a recommendation could
discourage individuals from starting or maintaining physical
activity. After all, a repeat examination is recommended every
1-5 years. In addition, whether a specific fitness level for sports
can be certified on the sole basis of such an examination, given
insufficient evidence, remains in question, which the DEGAM
clearly rejects

Health checks are an essential element of preventive meas-
ures in Germany, where individuals with statutory health
insurance are entitled to a one-off health check-up between
the ages of 18 and 35 years. From 35 years of age, a check-
up can be conducted once every 3 years. The aim is to iden-
tify common diseases, such as cardiovascular diseases and
type 2 diabetes mellitus, as well as their risk factors, early.
Screening measures are performed on individuals with-
out symptoms of the screened diseases. However, not all
screening measures are inherently useful [26]. The potential
harm that can arise from false-positive findings, overdiag-
nosis, and pathologization outweigh the potential benefits.
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In addition to the consequences for the individual being
examined, avoidable costs—both direct and indirect—are
incurred.

These aspects of general health check-ups also apply to
PPEs. Because previous international recommendations for
PPEs have been predominantly based on expert consensuses
derived from organized competitive sports, few studies have
specifically considered recreational athletes [9]. For such
athletes, the ACSM recommends a two-stage screening
process before participation in moderate or intense train-
ing programs [10]. On the basis of the ACSM screening
algorithm, whether medical clearance is required before an
exercise program is determined first; if any abnormalities
are detected, medical clearance should be recommended.
However, the manner of clearance should be left to physi-
cians’ clinical judgment and discretion.

Price et al. [27] showed that applying the updated ACSM
guidelines in sports medicine screening (tenth edition)
reduced the number of medical referrals by around one third.
In the context of long-distance running races, Schwellnus
et al. [28] confirmed that a screening program was feasible
and that fewer medical consultations were required over-
all, and serious or life-threatening events occurred less fre-
quently after its implementation. They also showed that the
number needed to treat (NNT) was 394 for all participating
runners and as high as 177 for longer-distance runners (56
km). To prevent one serious (life-threatening/death) medi-
cal event, the NNT was 2670. In the Italian screening pro-
gram, 2.0% of apparently healthy athletes were found to have
various conditions, including coronary abnormalities, mitral
valve prolapses, cardiac arrhythmias, bronchial asthma, and
visual impairments [29].

3.1.2 Recommendation 2

A PPE should be conducted when starting an intense sport or
exercise program

Recommendation grade: moderate T
Strength of consensus: 100% (strong)

Justification: The available data are insufficient to link sports medi-
cine screening to a specific degree of intensity or volume because
subjective assessment findings can vary between individuals. In
principle, however, physical activity at higher intensities defined
by metabolic equivalents (METs) is assumed to be associated
with greater risk, particularly for sedentary individuals and/or
those with preexisting conditions

In the USA, a PPE is recommended before increasing the
volume or intensity of physical activity [30]. The most
common method of objectively quantifying intensity is the

metabolic equivalent (MET), which is a ratio of the meta-
bolic cost induced by different types of exercise and inten-
sity compared with the metabolic cost of sitting quietly
[31]: light, < 3.0 MET; moderate, 3.0-5.9 MET; and vigor-
ous, > 6.0 MET. However, the Canadian Academy of Sport
and Exercise Medicine does not consider a medical exami-
nation necessary before light to moderate physical activ-
ity; this position is endorsed internationally by many sports
medicine organizations [32]. Three decades ago, Mittleman
et al. [33] showed that intense physical activity increases the
risk of cardiovascular events in previously inactive individu-
als. By surveying 1228 individuals 4 days after a myocardial
infarction, they found that 4.4% of respondents had exercised
intensively within the hour before the infarction. Patients
who were physically active less than once per week had a
107-fold greater risk of myocardial infarction during periods
of intense exercise than during periods of rest (relative risk
[RR]=107, 95% confidence interval [CI] =67-171); those
who were physically active at least five times per week had
only a 2.4-fold greater risk of myocardial infarction dur-
ing periods of intense exercise than during periods of rest
(RR=2.4,95% CI=1.5-3.7). More recent studies have also
shown a positive correlation between more intense physi-
cal activity and the increased occurrence of stroke, acute
myocardial infarction, and sudden cardiac death [34-36].
Regardless of age, intense physical activity may trigger
myocardial infarctions, especially in those who are unac-
customed to exercise [37, 38].

3.1.3 Recommendation 3

A PPE should be offered at 1-5-year intervals, depending on
the individual’s risk profile, performance level, sport type, and
intensity
Recommendation grade: moderate ®
Strength of consensus: 100% (strong)

Justification: The available data are insufficient to determine spe-
cific time intervals between examinations. The consensus group
assumes that such a recommendation depends on individual risk
factors, such as age and fitness level (especially cardiorespiratory
fitness level). Furthermore, it concluded that annual screening is
not sensible, feasible, or deserving of prioritization

An initial examination is the best way to obtain a medical
overview of an individual. Follow-up examinations are based
on personal preference and, primarily, individual risk. For
example, the rate of fatal or serious incidents and the risk of
injury during sports increases mainly with intensity [3-5].
Few (if any) experts would argue that Nordic walking should
not be judged differently from alpine skiing. Therefore, a
PPE is not logical in every case. In addition, follow-ups to



Consensus-Based German Guideline on Sports Preparticipation Evaluation

1835

check the success of the training recommendations or to
make adjustments are desirable but not part of the overall
PPE.

3.1.4 Recommendation 4

Use the PPE results to derive individualized exercise and training
recommendations

Recommendation grade: strong ™M
Strength of consensus: 100% (strong)

Justification: The Guideline Development Group agrees that a
strong recommendation is appropriate here, especially as PPE
results can be used for individual counseling

Despite the known health benefits, more than 40% of
adults in Germany are physically inactive or insufficiently
active (i.e., they engage in < 150 min of moderate-intensity
or <75 min of high-intensity activity per week). Sedentary
behavior is defined as less than < 5000 steps per day [39].
General practitioners may play a significant role in health
counseling, patient motivation, and advising patients on
how to change their lifestyles [40, 41]. Offering individu-
alized exercise and training recommendations in a pre-
ventive medical check-up (PPE) could also contribute
to greater use of this service. Information from sports
history can be used as a basis for the recommendations
(see Recommendation 9). Such an exercise prescription
should consider frequency, intensity, time, and type (the
FITT principle; [14]). Volume and progression (the FITT-
VP principle) can also be considered, where the duration
and intensity of the training gradually increase within the
framework of a progressive transitional phase.

3.1.5 Recommendation 5

Techniques to support behavioral change should be used when com-
municating exercise recommendations

Recommendation grade: moderate 0
Strength of consensus: 100% (strong)

Justification: Increasing evidence shows that communication
techniques to support behavioral change are important in the
medical field. However, no gold standards are currently avail-
able as the techniques and applications examined in literature are
heterogeneous. Therefore, medical practitioners could use PPEs to
motivate individuals to adopt active lifestyles by adopting behav-
ioral change techniques. Although this may appear to contradict
the primary focus of this guideline, the Guideline Development
Group decided to include this recommendation

Although in Germany the promotion of an active lifestyle
is part of health check-ups, this low-threshold approach is
rarely used in practice (about 20%) [42]. Therefore, offer-
ing a PPE may motivate an active lifestyle if it is supported
by behavioral change techniques [43—45]. A recent Finnish
study achieved increased physical activity among patients
with diabetes through appropriate counseling in primary
healthcare settings [46]. Qualified counseling support
appears to be particularly crucial for increasing physical
activity among less-active patients [47]. Various techniques
exist for both phases, including goal setting, action planning
(concrete “what, when, where, with whom” plans), barrier
management (“If obstacle X occurs, I react with strategy Y
to achieve my goal”), and self-observation (e.g., keeping
an action diary or adjusting the action plan if the goals are
not achieved), all of which have proven effective (c.f. [48]).
Motivational interviewing (MI) is particularly emphasized in
literature as a potential communication method for promot-
ing an active lifestyle [40]. MI generally prioritizes patients’
autonomy, desires, goals, and visions. An MI intervention
comprises four phases: (1) building a relationship (engag-
ing), (2) goal setting (focusing), (3) strengthening motivation
(evoking), and (4) planning the implementation (planning).
Ml is based on principles such as empathy, identifying dis-
crepancies, managing resistance, and strengthening confi-
dence in change. Recent studies indicate that MI can result
in health improvements even under the time constraints that
are often encountered in primary care settings [49].

3.1.6 Recommendation 6

A PPE should be conducted by a specialized physician with an
additional qualification in sports medicine

Recommendation grade: moderate T
Strength of consensus: 80% (moderate)

Justification: The available data are insufficient to specify a specific
qualification as a prerequisite for conducting a PPE. However,
owing to the interdisciplinary nature of the corresponding
examination, the Guideline Development Group assumes that
in addition to the specialist knowledge associated with a “sports
medicine” qualification, it guarantees a higher level of quality and
expertise in conducting such screenings. This notion applies espe-
cially to cases where individuals plan to increase their physical
activity levels, as knowledge of sports medicine appears necessary
to properly assess individuals’ levels of physical exertion and
resilience
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Sports pre-participation evaluation (PPE)

l

Medical*, Family**- and Sports history

Physical evaluation

Resting ECG***

|

Step-by-step further examinations, including
laboratory, spirometry, echocardiography, CPET,
etc.

Normal

|

| No further examinations |

_— | Physical activity recommended without restrictionl

Fig.3 The new consensus-based algorithm for the PPE for healthy
adults. *Including symptoms, presence of diseases, and risk factors
(e.g., a Systematic Coronary Risk Evaluation 2 [SCORE2]>10%);
**including the sudden cardiac death of close relatives aged <60

Currently, medical specialists in sports medicine exist in
only a few countries. The new EU regulations for sports and
exercise medicine (Article 26 of Directive 2005/36/EC [16])
underscore the need for evidence-based recommendations
for PPEs. In Germany, for a formal qualification in sports
medicine, a curriculum of 240 h of theoretical knowledge
and 120 h of practical experience in sports medical care of
a club is required. In our survey, several potential partici-
pants considered this additional qualification relevant for the
physician because it guarantees the quality and effective-
ness of a preventive medical check-up intended to detect
at-risk individuals. Potential participants also stressed the
importance of receiving individual training recommenda-
tions, and several survey respondents considered these more
trustworthy when received from a qualified sports physician.
Others found easy access to a PPE more important than the
provider’s formal qualifications. Specific sports medicine
questions, especially in performance-oriented areas, require
specialized knowledge owing to the cross-sectional nature
of the sports medicine field.

years; ***if no recent resting ECG is available or if the medical his-
tory and/or physical evaluations indicate a need for one. ECG electro-
cardiogram, CPET cardiopulmonary exercise testing

3.2 Algorithm for the PPE

The new consensus-based algorithm procedure for the PPE
is shown in Fig. 3. The results of individuals’ medical,
family, and sports histories and physical evaluations by a
qualified physician allow them to be divided into individu-
als with abnormal and normal findings. An evaluation is
considered abnormal when the findings indicate the possibil-
ity of risks in terms of high-intensity exercise (e.g., a high-
risk profile on the Systematic Coronary Risk Evaluation
2 [SCOREZ2; > 10%]), alarming symptoms (e.g., pain and
syncope), or abnormal findings upon physical examination.
In such cases, further examinations should be conducted to
clarify the findings. A resting electrocardiogram (ECG) is
recommended if no recent ECG is available or if the indi-
vidual’s medical history and/or physical evaluations indicate
that one is needed. An evaluation is considered normal in
the absence of the abovementioned findings. The new pro-
cess diverges from the previously available algorithms of
the EFSMA [7] and ACSM [10] in that it does not focus on
athletes or exclusively cardiovascular diseases.
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3.3 Maedical History and Physical Examination

3.3.1 Recommendation 7

A standardized medical history form should be used in the PPE. It
should include:

o Personal and family medical history

e Sports history

o Individual risk-factor profile

e Medication history

o Nutritional history

e Gynecological history

e Vaccination status

o Participation and results of previous check-ups

e Previous injuries and/or surgeries

Recommendation grade: moderate f?
Strength of consensus: 100%

Justification: The (predominantly indirect) evidence and the ben-
efit-harm—cost balance supports a moderate recommendation for
a standardized medical history form

The medical history should include relevant information
about the individual’s previous sporting experience, as
well as physical activity, nutrition status, health, dietary
behavior, well-being, and vaccination status. This compre-
hensiveness seeks to identify any risks to the individual
(latent) or their family that could arise through intensive
sports, based on the 11th edition of the ACSM’s guidelines
[10]. It includes recommendations on various questions for
individuals interested in amateur and recreational sports,
covering previous diagnoses, interventions, physical and
laboratory examination results, symptoms, illnesses, hos-
pitalizations, (overuse) injuries or other orthopedic diag-
noses, medication, stimulants, and sporting and occupa-
tional activity, completed by a family history [10]. Overall,
individual risk should be assessed on the basis of validated
scores (see Recommendation 8). The US-based National
Athletic Trainers’ Association also emphasizes recording
individuals’ intake of medication and dietary supplements
[50].

This information is used to determine the need for follow-
up examinations (e.g., resting ECG, echocardiography, and
stress tests). Since 2022, the American Medical Society
for Sports Medicine has also recommended asking about
coronavirus disease-2019 (COVID-19) history to document
previous severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2) infections and any past or current symptoms,
diagnoses, sequelae, and persistent or new symptoms [51,
52].

The EFSMA recommendations regarding medical his-
tories for elite athletes are comparable [53]; EFSMA also
offers a corresponding examination form for recreational
sports (Supplementary Material 3).

3.3.2 Recommendation 8

Use a validated score (e.g., Arriba and SCORE2) to assess cardio-
vascular risk from the age of 35 years

Recommendation grade: strong ™M

Strength of consensus: 100% (strong)

Justification: The evidence and benefit-harm balance support a
strong recommendation. The use of a validated instrument also
objectifies the risk assessment; however, the available data are

insufficient to recommend one gold standard among the validated
scores

The ESC recommends evaluating cardiovascular risk (e.g.,
using the SCORE2 [54] or SCORE2 for Older Persons
[SCORE2-OP] [55, 56]) before engaging in high-intensity
physical activity, especially for those aged > 35 years [9].
No further cardiovascular examination is recommended for
those with low or moderate risk who lack family risk factors
[10, 54]. According to the ESC, further diagnostic proce-
dures (e.g., cardiopulmonary exercise testing [CPET]) can
be considered for those at high risk (e.g., SCORE2 > 10%)
with a high level of planned exercise intensity [54].

The German national care guidelines for coronary heart
disease (CHD) recommend specific diagnostics for the gen-
eral population once the risk of current CHD reaches 15%
[57]. The risk of current CHD is not the same as the risk of
suffering a myocardial infarction or stroke within the next
10 years—it is relatively greater.

SCORE2 combines the morbidity—mortality risk of myo-
cardial infarction, apoplexy, and cardiovascular death
to assess risk from a primary prevention perspective
[58]. In addition to sex and age, the SCORE2 calcula-
tion includes total cholesterol, high-density lipoprotein,
systolic blood pressure, and smoking. A corresponding
instrument was developed for individuals aged > 70 years
called SCORE2-OP [55, 56]. In general practice, the
Arriba score, which is comparable to the SCORE2-Ger-
many or Prospective Cardiovascular Miinster (PROCAM)
score in terms of informativeness, is predominantly used
[59]. Its algorithm is based on the Framingham data and
considers the presence of antihypertensive therapy, dia-
betes mellitus, and hemoglobin Alc (HbAlc), as well
as corresponding events in individuals’ or their family
histories and the factors mentioned in the SCORE2. This
algorithm predicts the risk of a heart attack or stroke
within the subsequent 10 years. Additional scoring mecha-
nisms can be found online [60].
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3.3.3 Recommendation 9

A sports history should include questions about the following fac-
tors:

e Frequency, intensity, time, and type (FITT)

e Previous sporting experience

o Goals of the physical activity

e Environmental conditions during the sport (e.g., heat, cold, or
altitude)

o Complaints at rest and during exercise

o Individual sport-related risk profile

e Aids (e.g., visual aids) or mobility restrictions

Recommendation grade: moderate T
Strength of consensus: 100% (strong)

Justification: There is no robust evidence in literature on the
specific structure of a patient’s “sports history”. However, the
Guideline Development Group assumes these aspects are relevant
in the context of risk assessment and counseling

Knowing how much physical activity an individual performs
(if they are currently active) is essential to assess their risk
and offer tailored advice [27, 61]. The individual’s objec-
tives, previous experiences, complaints, sport-related risks
(e.g., arterial hypertension and visual impairments), any aids
required, and mobility restrictions should be recorded. As
is already done in organized sports and for athletes, ques-
tions about heat acclimatization are recommended as part of
the medical history [62], including risk factors, fluid intake,
training intensity, and previous reactions to extreme envi-
ronmental conditions [62, 63]. In exercise counseling, the
FITT principle should also include volume (total amount of

Table 2 Recommended components of the physical examination

exercise per intervention) and progression (changes in exer-
cise program difficulty over time, e.g., an intervention that
begins at moderate intensity and progresses to high intensity
over several weeks) [10].

3.3.4 Recommendation 10

Determine whole-body status as part of the PPE, which should be
based on the recommendations in Table 2

Recommendation grade: strong

™M
Strength of consensus: 100% (strong)

Justification: The evidence and benefit-harm balance support a
strong recommendation, although the individual examination
components are supported to varying degrees

For recreational sports, the ACSM recommends a physical
examination consisting of anthropometry, pulse and blood
pressure measurement, auscultation of the lungs and heart,
palpation of the foot pulses and the abdominal and femoral
arteries, palpation of the abdomen, and a visual inspection
for the presence of tendon xanthomas or skin xanthelasma;
a follow-up examination based on anamnestic complaints;
and a basic neurological examination [10]. For athletes, an
examination of visual acuity, the ears, nose and throat area,
skin, body composition, and the musculoskeletal system
is also recommended [7, 30, 50]. A dental examination is
only recommended by the EFSMA guidelines [64]. The
examination components (Table 2) were discussed during

Examination

Exemplary entities

Collect anthropometric data (measure height, body weight, and waist
circumference; calculate body mass index, body mass changes, and

waist-to-height ratio) and record body fat percentage and fat-free mass

Measure heart rate and blood pressure (at least once on both sides)
Examine the heart and lungs (sitting, standing, and lying)

Assess vascular status
Examine the abdomen

Examine the musculoskeletal system, including the range of motion and

stability of the large joints, spinal mobility and pain on motion and pal-

pation, and muscle status (including flexibility, function, and tone)

Examine the nervous system (e.g., gait pattern, reflex status, sensitivity,
and cranial nerve status if necessary)

Examine the sensory organs, including a visual acuity test with eye charts

Inspect the skin and mucous membranes
Inspect the oral cavity and record dental status

Assess lymph node status

Assess body mass status (e.g., indications of RED-S), obesity, body
mass changes, and body composition (e.g., sarcopenia and fat
distribution pattern)

Arrhythmia, arterial hypertension, and aortic isthmus stenosis

Vitium cordis (e.g., patent foramen ovale or mitral valve prolapse),
COPD, and pulmonary fibrosis

PAD and evidence of aneurysm
Fatty liver, hernias, and portal hypertension

Increased risk of injury (e.g., joint instability) and reduced risk of
overload

Tendency to fall, impaired coordination, and protective reflexes

Impaired hearing and/or vision
Infectious diseases, anemia, eczema, and malignancies
Status quo, chronic gingivitis, and bulimia nervosa

Acute infection and systemic disease

RED-S relative energy deficit in sport, COPD chronic obstructive pulmonary disease, PAD peripheral artery disease
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the consensus-building process. The selection of specific
examinations and their scope should be guided by informa-
tion from individuals’ medical or sports history.

3.3.5 Recommendation 11

Patients with joint swelling, joint pain, relevant range-of-motion
restrictions or large joint instability, as well as movement or
knocking pain in the spine (with or without neurological deficits),
should be referred to a specialist for further evaluation (prefer-
ably a specialist in orthopedics/trauma surgery or physical and
rehabilitative medicine)

Recommendation grade: moderate )
Strength of consensus: 100% (strong)

Justification: There is insufficient evidence for a strong recom-
mendation. However, the benefits appear to outweigh the risks
and effort involved. Furthermore, an orthopedically experienced
sports physician who feels confident in performing an orthopedic
examination and clarification should not be denied this opportu-
nity

While the internal medicine portion of the PPE aims to
prevent fatal incidents, fatal injuries that are attributable
to underlying orthopedic conditions are extremely rare. In
contrast, abnormal musculoskeletal findings are relatively
common during PPEs and represent the main reason for
sports restrictions [65]. Therefore, orthopedic screenings
serve primarily to minimize the risk of exacerbating previ-
ous conditions and prevent new acute or overuse injuries.
Numerous epidemiological studies have shown that both
the former (especially in team sports) and latter (especially
in endurance sports) injuries are very common in popular
recreational sports. In the SAFER (Strategies to reduce
Adverse medical events For the ExerciseR) XIII study
involving 21,824 recreational cyclists, Du Toit et al. found
that 2.5% of participants suffered an overuse injury yearly
[66]. In competitive running, rates as high as 79.3% have
been reported, with significant adverse effects on training
workload and health [67, 68]. These data provide a good
basis for counseling patients regarding the prevention of
overuse injuries.

The examination must primarily detect and consider
tendon, bone, and joint disorders, as well as muscular
imbalances, which certain sporting activities can exac-
erbate. If possible, the physical examination should be
conducted at least 6 weeks before physical activity to
accommodate further examinations, treatment, or reha-
bilitation measures if warranted [69]. This recommenda-
tion is intended to assist physicians in detecting relevant
findings; it should explicitly not be considered a barrier
to sports. In the stakeholder survey of sports physicians,
only 67% expressed feeling sufficiently qualified to per-
form the orthopedic component of a PPE. However, the

importance of the examination and its performance by a
trained examiner is emphasized in literature [18]; there-
fore, a further evaluation of any abnormal findings would
also be important.

During the physical examination, the factors “joint
swelling,” “pain on movement or palpation,” and “joint
instability” are important indicators of relevant articular
or osseous diseases, which should be considered when
choosing suitable exercise types [69]. “Pain” is not to be
understood as diffuse pain on palpation or pain from mus-
cle tension but instead as relevant joint pain or localized
knocking pain in the spine. An orientating neurological
examination completes the spine and limb evaluation. As
with the abovementioned factors, lateral differences in
strength of more than 10-20% require further evaluation
[70].

Other tests for which sufficient data exist to allow the
detection of an increased risk of injury in athletes—such
as the dynamic knee valgus in the single-leg squat test for
a previous anterior cruciate ligament injury [71] and the
tibial edema test for the early detection of medial tibial
stress syndrome [72]—exceed the scope of a general pre-
ventive examination in the general population and, there-
fore, should be reserved for athletes or conducted only as
part of further evaluation (by specialists if necessary) in
cases of relevant abnormalities.

3.3.6 Recommendation 12

Individuals with arthroplasties or serious injuries in their medical
history (e.g., vertebral fractures or severe/recurrent joint injuries)
should be regularly monitored by a specialist, preferably in ortho-
pedics/trauma surgery or physical and rehabilitative medicine

Recommendation grade: moderate T

Strength of consensus: 91% (moderate)

Justification: There is insufficient evidence for a strong recommen-
dation. Presumably, most individuals benefit from this recommen-
dation because the advice regarding their physical activity will be
based on a thorough examination and important information from
their medical history

Numerous studies have shown that previous injuries are
among the most important risk factors for new injuries
[73-76]. Therefore, it is important to consider these in a
preventive examination to limit recurrences or consequential
harm. However, the Guideline Development Group consid-
ers in-depth assessments beyond the scope of a preventive
examination; for example, the fit and loading capacity of
an endoprosthesis or the status of a previously highly dam-
aged joint often require additional imaging and documents
(e.g., X-rays, surgical reports, and an arthroplasty passport).
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It is useful to consult a specialist for competent advice on
exercise dosages and recommended types of sports in such
cases. Modern artificial joints can withstand high physical
loads and their survival rates are even higher in active indi-
viduals (c.f. [77]). It is currently assumed that almost any
sporting activity can be performed with a firmly anchored,
well-integrated endoprosthesis. It is the attending specialist’s
responsibility to confirm this, although there are no clear
recommendations regarding the intervals at which this spe-
cialist supervision should occur.

3.4 Further Examinations

Owing to a lack of evidence in the context of further exami-
nations for recreational and popular sports, the following
recommendations (and their respective strengths) are based
primarily on the guidelines and consensus documents from
competitive sports and underlying primary literature. Even
for these populations, the recommendations from various
professional societies are inconsistent (see [9]) in terms of,
for example, resting ECG, echocardiography, and stress
tests. Therefore, in even larger and more heterogeneous
general populations, feasibility, cost-benefit balance, exam-
iners’ qualifications, and avoiding overdiagnosis must be
particularly considered. Potential additional examinations
are based on an individual’s medical history and physical
examinations and depend on the availability and timeliness
of previous findings (e.g., laboratory tests and resting ECG).

3.4.1 Laboratory Tests

3.4.1.1 Recommendation 13

If necessary, a blood count, plasma glucose, HbAlc and lipid sta-
tus, liver/kidney values, electrolyte concentration, and urine status
can be determined as part of a PPE

Recommendation grade: weak =

Strength of consensus: 100% (strong)

Justification: The available data are insufficient to recommend
specific laboratory tests. In principle, however, the Guideline
Development Group assumes that the mentioned parameters are
helpful if there are corresponding indications or risk constel-
lations. In addition, lipid status is required to determine some
scores. However, this is often available from other examinations,
particularly the general health examination

Selected laboratory examinations are logical for some
groups, such as athletes (e.g., iron deficiency in female ath-
letes, vitamin D, or relative energy deficit in sport [RED-
S]), or regions, such as southern Germany (thyroid-stim-
ulating hormone [TSH]), but not generally necessary for a
PPE. These should only be recommended on the basis of
abnormalities observed in an individual’s history or physi-
cal examination [9]. The examples in Recommendation 13

are based on general screening tests, Germany’s national
type 2 diabetes care guidelines [78], and the scores recom-
mended in Recommendation 6. Nonetheless, even in organ-
ized sports, the routine screening of urine samples or blood
counts is not recommended in the USA; it is recommended
only if possible deficiencies are indicated (e.g., hemoglobin
and ferritin in the case of a history of anemia or elevated
cholesterol or lipid levels) [50].

3.4.2 Cardiovascular Examinations
In the context of a PPE, cardiovascular examinations are
intended to detect abnormalities, which should then be

assessed by a specialist (e.g., a sports cardiologist).

3.4.2.1 Recommendation 14

A 12-]lead resting ECG should be performed as part of each PPE
Recommendation grade: moderate )
Strength of consensus: 100% (strong)

Justification: The limited evidence, cost—benefit analysis, and con-
siderations of likely consequences (e.g., follow-up examinations
after false-positive findings) support a moderate recommendation.
Therefore, a resting ECG should be performed if no recent resting
ECG is available or the medical history and/or physical examina-
tion indicate one

The demand to integrate a resting ECG into the PPE of
competitive athletes, based mainly on decades of Italian
Working Groups’ experience, can be attributed primarily to
the increased presence of arrhythmogenic right ventricular
dysplasia [79]. Harmon et al. demonstrated that an ECG has
a significantly greater sensitivity to predict cardiac disorders
(94%) than a medical history (20%) or physical examination
(9%) [80], making it a particularly valuable screening tool
for identifying abnormalities that could increase the risk of
sudden cardiac events. The rate of false positives is also
lower with an ECG (6%) than a medical history (8%) or
physical examination (10%), reducing the use of unneces-
sary follow-up tests.

Integrating a resting ECG into athletes’ PPEs reduced
the annual incidence of sudden cardiac death in Veneto,
Italy, by 89% [81]. In addition, special attention should be
paid to other arrhythmogenic conditions, such as Brugada
syndrome, epsilon potential in arrhythmogenic right ven-
tricular dysplasia, or long QT syndrome due to congenital or
acquired causes (e.g., psychiatric medications, such as ami-
triptyline or citalopram, or antibiotics, such as macrolides).
However, this type of diagnosis usually requires more in-
depth knowledge (e.g., a sports cardiologist) [82].

The extent to which this applies to the general population,
as well as to athletes from other countries, has yet to be con-
clusively determined. It is undoubtedly justified only if no
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current resting ECG (e.g., within the last 12 months) exists
or if the medical history and examination findings warrant
performing one. A resting ECG combined with a compre-
hensive medical and family history offers advantages in that
the associated costs and effort are low while the potential
information gain is high [83].

While a sensitivity and specificity of > 90% for abnormal
findings on resting ECGs suggest its clinical dependability,
the ratio of true- to false-positive abnormal findings for rel-
evant heart diseases is typically 1: >400 (positive predictive
value) owing to these diseases’ low incidence [84]. There-
fore, for every identified case of disease, several hundred
ultimately harmless ECG findings and corresponding com-
plex follow-up examinations can be expected.

The practical implementation and knowledge required to
adequately classify potential sports-related findings must
also be considered because, unlike in the general popula-
tion, changes in resting ECG are often identified in athletes
(c.f. [85, 86]). This knowledge appears essential for reducing
false-positive findings of relevant cardiac pathologies in rest-
ing ECGs. Conceivably, doctors without sports cardiology
training could use digital or artificial intelligence-based tools
to interpret athletes’ ECGs. However, it is currently impos-
sible to say whether this would also apply to the general
population.

3.4.2.2 Recommendation 15

Perform an echocardiogram as part of a PPE if there is reason to
suspect structural heart disease

Recommendation grade: strong ™M
Strength of consensus: 90% (moderate)

Justification: The Guideline Development Group believes the cost—
benefit analysis supports a moderate recommendation

Echocardiography is not recommended as a routine screen-
ing tool [83]. However, the ACSM [10] recommends it for
diagnosis when corresponding symptoms or known heart
disease exist. Some structural cardiac abnormalities that
are difficult to detect during a physical examination or rest-
ing ECG can often be recognized with additional tests. For
example, around 10% of sudden cardiac deaths in young
athletes can be attributed to structural heart diseases with-
out conduction disturbances [87]. For example, Donati et al.
compared a standard screening (medical history, physical
examination, ECG, and stress testing) with an advanced
screening (including echocardiography) [88]. They showed
that 9.1% of patients who exhibited no abnormalities in the
standard screening had cardiovascular issues, such as patent
foramen ovale and mitral valve prolapse, that echocardiog-
raphy revealed. This finding highlights the added value of
echocardiograms in identifying otherwise undetected condi-
tions. Therefore, transthoracic echocardiography (TTE) is

supported in such populations. However, it has not yet been
established owing to a lack of practicality, a lack of time,
and an unfavorable cost—benefit ratio, among other reasons.
Halasz et al. [87] demonstrated that a structured procedure
was cost-effective in elite athletes, given the costs of sudden
cardiac death, when assuming an examination duration of
only 10 min [87]. However, this finding is hardly transferable
to recreational and popular sports because the TTE tends to
take longer, even for “normal” examinations. Furthermore,
it fails to overcome the problem of limited knowledge and
resources for performing the examination. Consequently,
echocardiography should not be routine in PPEs and should
only be performed if there is reasonable suspicion of pos-
sible structural heart disease.

3.4.2.3 Recommendation 16

An exercise ECG should be performed as part of a PPE if war-
ranted by the PPE findings, the individual risk profile, possible
exercise-induced symptoms, the type of sport in question, and the
performance level and intensity

Recommendation grade: moderate k)

Strength of consensus: 100% (strong)

Justification: The Guideline Development Group finds that the
cost—benefit analysis and the limited evidence in the area of sports
medicine screening support a moderate recommendation. How-
ever, the individual performance/fitness assessment is emphasized
(see also Recommendation 17)

Exercise tests have been used for decades to provoke
and identify myocardial ischemia. They are also used to
detect cardiovascular disease (especially CHD) and assess
physical performance, exercise tolerance, exercise-related
symptoms, chronotropic competence, possible arrhyth-
mias, and responses to medical interventions [89]. How-
ever, exercise ECGs are viewed critically for the diagnosis
of hemodynamically relevant coronary stenoses owing to
their low sensitivity (58%) and specificity (62%) [90-92].
In sensitivity and specificity calculations, most of the
included individuals had at least suspected coronary artery
disease (CAD). Therefore, the applicability of these met-
rics to a seemingly healthy population remains unclear.
Furthermore, the quality of the test depends on whether
maximal cardio-respiratory stress was achieved, among
other factors, such as pre-test risk or the presence of stable
CAD. Ermolao et al. demonstrated that the systematic use
of a maximal exercise test as part of a screening protocol
was more sensitive in detecting cardiovascular diseases
[12]. Microvascular dysfunction may also be present even
when no hemodynamically relevant coronary stenoses
are detected [93]. Therefore, the aim should be to achieve
maximum exercise capacity during the implementation,
even among older adults.



1842

C. Joisten et al.

Performing a stress test is not recommended uniformly
in PPEs. According to the ACSM guidelines [10], most
(older) adults do not require an ergometric stress test
before engaging in moderate physical activity. There are
also few reliable studies (especially prospective studies)
in literature showing the benefits of such a test as part
of a PPE conducted for reasons other than planned high-
intensity exercise and the assessment or determination
of performance [94]. However, the EFSMA suggests a
complete clinical assessment, including ergometric stress
tests, for older adults and physically inactive individuals
who wish to participate in intense training [94]. The Ger-
man pocket guideline [95] also recommends an exercise
ECG for some patients to assess their exercise tolerance,
symptoms, arrhythmias, blood pressure behavior, and risk
for cardiovascular events. Therefore, an exercise ECG that
considers examination findings, individual risk profiles,
possible exercise-induced symptoms, sport type, perfor-
mance level and intensity, and pre-test probability should
be used.

Even if these aspects essentially indicate the possible
occurrence of CHD in individuals with (predominantly
stress-dependent) chest pain, a corresponding pre-test risk
is practically useful. The Marburg Heart Score for chest
pain is also used in primary care, which combines clini-
cal symptoms and physical evaluation findings in cases
of acute breast pain. Thresholds vary for secondary care
(c.f. National Disease Management Guideline for Chronic
CHD [57]).

3.4.3 Determination of Physical Fitness

3.4.3.1 Recommendation 17

A CPET can be used to determine cardiorespiratory fitness and
provide training recommendations/guidance as part of a PPE

Recommendation grade: weak =

Strength of consensus: 100% (strong)

Justification: The Guideline Development Group agrees that the
evidence is insufficient to recommend a CPET as standard. None-
theless, such a test can provide helpful findings, especially for
tailoring and managing training recommendations. Therefore, it is
regarded as an optional component of a PPE

In addition to its diagnostic usefulness and excluding pos-
sible exercise-induced abnormalities, a CPET can deter-
mine individual cardiorespiratory performance and fitness.
This determination supports personalized training advice
to facilitate safe and effective exercise design [96]. Fitness
is one of the most critical prognostic markers for reduced
mortality and morbidity associated with all noncommuni-
cable diseases (e.g., [97]), as well as a vital sign alongside
heart rate, blood pressure, body temperature, and respiratory

rate [98]. An observational study of 22,878 asymptomatic
participants (mean age: 47 years, 28% female) who were fol-
lowed up for about 9 years found that the relative mortality
risk was nearly 36-fold greater in those with a high Euro-
pean System for Cardiac Operative Risk Evaluation (Euro-
SCORE; >5) and low cardiorespiratory fitness (defined as a
maximum endurance capacity of <11 METs) than in those
with a low EuroSCORE (< 5) and high cardiorespiratory
fitness (> 11 METs) [99]. However, if the at-risk individu-
als were “fit” with the same EuroSCORE, the RR was only
8.5. In addition, a CPET with breath gas measurements is
suitable for the differential diagnosis of exercise-induced
dyspnea because it helps distinguish between pulmonary-
obstructive and pulmonary-vascular and cardiac limitations
[100]. In Germany, power output during bicycle ergom-
etry is typically measured in watts. While watts measure
the rate of energy output, converting them into METs helps
to clarify the actual energy expenditure during an activity
(METs = watts/[body weight (kg) X 3.5]).

3.4.3.2 Recommendation 18

Muscle strength can be determined to measure muscular fitness
(e.g., hand grip strength) as part of a PPE

Recommendation grade: weak =3

Strength of consensus: 100% (strong)

Justification: The available data are insufficient to make a strong
recommendation. In principle, however, the Guideline Develop-
ment Group assumes that muscular fitness will play an increas-

ingly important role over time as a general surrogate parameter
and for specific training recommendations

The health benefits of improving muscular fitness are now
well-documented ([1]; summarized in [18]). Muscular fit-
ness includes strength, speed, isometric strength, and endur-
ance [10, 101]. Greater muscular strength is associated with
a significantly better cardiometabolic risk profile, reduced
all-cause mortality, fewer cardiovascular events, a lower risk
of developing physical functional limitations, and a lower
risk of nonfatal diseases [10, 101]. Therefore, muscular fit-
ness can be measured in a PPE not only as a reflection of the
patient’s condition but also as a basis for appropriate training
recommendations.

In literature, muscular fitness is usually determined by
measuring hand grip strength. Dodds et al. [102] developed
percentiles for children, adolescents, men, and women aged
4-90 years on the basis of almost 50,000 participants from
12 population studies in Great Britain. However, muscle-
specific tests are required to develop tailored training recom-
mendations, such as the maximum weight that can be moved
for a defined number of repetitions (e.g., 1-, 3-, 5-, or 10-rep-
etition maximums) [102]. Other tests (e.g., the “timed up
and go” or “chair-rise” tests) can also be used in this context,
although they are used primarily for older individuals [103].
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3.5 Additional Aspects

3.5.1 Recommendation 19

Perform laboratory and instrumental examinations as part of a
PPE that go beyond Recommendations 13—18 only in justified
individual cases

Recommendation grade: strong ™M
Strength of consensus: 100% (strong)

Justification: The Guideline Development Group considers the
evidence for investigative procedures other than those listed in
Recommendations 13-18 insufficient to recommend them as
standard for PPEs. In its opinion, besides the limited evidence,
the benefit-harm—cost balance strongly supports performing them
only in justified individual cases

Further investigations, such as laboratory tests (i.e., iron,
ferritin, or vitamin D), echocardiography, or lung func-
tion, should be based on possible findings from individuals’
medical history or preceding diagnostics. However, literature
offers no evidence regarding the potential benefit of per-
forming additional diagnostic procedures as part of a PPE.
When corresponding symptoms are present, such as fatigue,
reduced performance, or specific anamnestic indications, the
search for a possible cause of illness or previously undiag-
nosed health disorders should be prioritized over fitness for
sports. Providers should also remember that a low pre-test
risk increases the proportion of false-positive findings with
an additional, avoidable need for clarification [104].

3.5.2 Recommendation 20

During the PPE and counseling, assess each individual’s risk of
danger to themselves and others and consider the possible worsen-
ing of previous injuries

Recommendation grade: strong ™M

Strength of consensus: 100% (strong)

Justification: Given its objectives, assessment and counseling about
the risk of danger to oneself and others is an essential part of the
PPE. Therefore, the Guideline Development Group believes that
the benefit-harm—cost balance supports a strong recommendation

Assessing possible risks to the health of the individual or
others is a central element of a PPE. While the recommenda-
tions are focused on athletes (c.f. [9]), the Guideline Devel-
opment Group discussed including this recommendation to,
again, explicitly emphasize the individual’s status quo.
The American Academy of Pediatrics provides a list
of guiding questions that offer a solid foundation for such
assessment and can function as a checklist (Box 7 in [30]):

— Does participation put the athlete at risk of illness or
injury above the inherent hazards of the activity?

— Does participation increase the risk of injury or illness to
other participants?

— Will treatment of the underlying condition allow safe
participation (medication, rehabilitation, bracing, or pad-
ding)?

— Can limited participation be allowed while treatment or
evaluation is completed?

— If medical eligibility is denied for certain sports because
of medical or safety concerns, can the athlete safely par-
ticipate in other activities or sports?

4 Discussion

The benefits of regular physical activity far outweigh its
risks [3, 105, 106]. However, although fatal events such as
sudden cardiac death or acute myocardial infarction are very
rare, participation in exercise is associated with an increased
short-term risk of musculoskeletal injuries and cardiovascu-
lar complications [33, 105]. This observation highlights the
importance of a PPE designed to identify at-risk individuals
to help prevent fatal cardiac or musculoskeletal events dur-
ing or after exercise. While the existing guidelines mainly
focus on examining (elite) athletes, this consensus-based
guideline is designed for assessing healthy adults who plan
to start or return to intensive sports or exercise. Although no
sufficiently robust or specific evidence currently exists for
the positive effects of such examinations on patient-relevant
outcomes or their optimal sensitivity/specificity [107, 108],
this guideline seeks to balance expert knowledge and feasi-
bility in medical practice with the available evidence.

There was broad consensus on the importance of tak-
ing detailed personal, family, and sports histories and con-
ducting a thorough physical evaluation. Depending on the
results, further procedures could be implemented as neces-
sary. Unlike previous guidelines that primarily focused on
PPE:s in athletes, this guideline does not mandate the perfor-
mance of a resting ECG. Nonetheless, decades of experience
among Italian working groups have shown that including a
resting ECG in PPEs for athletes has contributed to reducing
the number of sudden cardiac deaths in that population [73,
100]. While these results are promising, the generalization of
this approach to other countries and the general population
is controversial, and caution is needed when applying these
findings beyond their original context.

The challenge of implementing PPEs for a broader pop-
ulation lies in the need for knowledge and competencies
across various medical disciplines. For example, not only the
musculoskeletal system but also the individual’s cardiovas-
cular status must be examined. While the EU has included
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a specialization in sports medicine in its directives for prac-
titioners, this qualification is not universally accessible. In
Germany, sports medicine knowledge is primarily taught
through a course-based system and, to a lesser extent, in
sports medicine institutes. Despite these options, there is no
comprehensive, nationwide coverage. To what extent techni-
cal advancements (e.g., the use of artificial intelligence in
ECG analysis) might support more accurate assessments of
sports-related changes in individuals remains an open ques-
tion. However, these advancements offer promising potential
to close the existing gaps in practitioner knowledge [109,
110].

In addition, the contents of PPEs can and should ground
exercise-related counseling (e.g., FITT-VP) to promote
physical activity meaningfully. Physical performance is
important in assessing health status [18, 19]. Alongside
general exercise-related counseling, preventive advice on
avoiding stress-related damage and injuries can be given.
This approach explicitly aims not to create additional bar-
riers to sports participation but rather to enable safe and
inclusive access.

4.1 Strengths and Limitations

One key strength of this guideline was basing its recommen-
dations on a synopsis of the available guidelines and consen-
sus papers from numerous professional societies and asso-
ciations. Discussing these diverse perspectives contributed
significantly to the development of robust recommendations,
as demonstrated by the interdisciplinary composition of the
16 specialist societies in family medicine, general and spe-
cialized internal medicine (endocrinology, cardiology, angi-
ology, and pulmonology), orthopedics, and rehabilitation,
as well as associations (including sports organizations and
disabled sports associations) and experts in other relevant
fields (ophthalmology, nutritional sciences, and neurology/
psychiatry). Surveying medical professionals and potential
participants/patients offered a user perspective and enriched
the discussions. That said, whether the recommendations or
their strength would have varied if the survey participants
had been allowed to vote in the guideline creation process
remains speculative.

One main limitation of this guideline was the paucity of
available data. The synopses mainly described athlete-based
recommendations—mostly at the elite level—without ran-
domized controlled trials [9]. Furthermore, no intervention
study has supported screening for injury risk [111]. Pres-
ently, no cost-benefit analysis of this PPE or the number
needed to prevent (NNP) are known. Any such evidence is
available only in the context of competitive sports. There-
fore, registries and population-based studies are urgently
needed to demonstrate the benefits of PPEs for identifying
at-risk individuals and promoting and counseling physical

activity among the general population. Their initiation
should be encouraged sooner rather than later so that, if
necessary, the PPE algorithm can be adapted to incorporate
their findings.

Another potential limitation is that the resources for con-
ducting PPEs may be limited in less-developed countries.
In addition to structural and financial resource constraints,
the different qualifications available in different countries
will influence the implementation of such examinations.
While the Guideline Development Group agrees that fur-
ther training in sports medicine is desirable to ensure
high-quality examinations, it is not available everywhere.
Therefore, regional differences must be considered when
adapting and implementing the guidelines in other coun-
tries. In other words, our recommendations describe PPE
requirements solely from a medical perspective; the extent
to which healthcare providers can meet and finance these
needs promptly remains to be determined.

4.2 Recommendations for Future Research

Future studies must assess the extent to which this guideline
can reduce or prevent fatal events, and its design, outcomes,
and practical feasibility, as well as the target populations
reached, should be analyzed regularly. Whether a PPE for
individuals participating in recreational/health sports pro-
vides benefits in terms of reducing mortality risk, severe
cardiometabolic events, and general morbidity, particularly
injuries, should be determined [112]. This assessment could
occur in the form of a registry study in which adverse events
due to defined training forms are systematically recorded,
including the long-term effects of myocardial abnormali-
ties and conduction disorders. The Sudden Cardiac Death
Register in Germany [113, 114] can serve as a foundation
for this as it provides valuable data on the incidence, risk
factors, and preventive measures related to sudden cardiac
death, particularly in athletes.

In addition, a national cohort of healthy individuals
should be established to determine comparative benchmarks
for cardiopulmonary fitness, modeled, for example, on the
US FRIEND Registry but expanded to include aspects of
muscular fitness [94]. It would be desirable to examine the
extent to which the inclusion of cardiorespiratory and/or
muscular fitness in the above scores can contribute to bet-
ter risk assessment results. Finally, the extent to which this
structured approach can help motivate more individuals to
engage in physical activity should be examined.
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5 Conclusions

This consensus-based guideline was developed to provide a
strong foundation for evidence-informed PPEs. Its recom-
mendations are intended to guide (sports medicine) physi-
cians in identifying individuals who are at risk of injury
or fatal events before they participate in relatively intense
physical activity. If abnormalities are found, the appropriate
specialists should be consulted (e.g., orthopedists and sports
cardiologists). The results of these examinations can also be
used to document an individual’s health status and facilitate
appropriate counseling consistent with the FITT-VP princi-
ple on the basis of MI. Future studies should examine this
guideline’s feasibility in various regions, including resource-
limited settings, and the extent to which it prevents harmful
or potentially fatal events. On the basis of this, appropriate
adjustments should be implemented, considering the integra-
tion of the sports medicine specialty across Europe.
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Acknowledgements We would like to thank the DGSP for the oppor-
tunity to develop this guideline. We would also like to thank Dr. Jessica
Breuing, Sandra Jaax, Dr. Nadja Koensgen (IFOM), and Dr. Monika
Nothacker (AWMEF) for their additional support and Francesca Greco
for her critical review of the language. Our special thanks go to the
participants in the surveys.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Funding OpenAccess funding enabled and organized by Projekt
DEAL. The authors have not received a specific grant for this research
from any funding agency in the public, commercial or not-for-profit
sectors. The guideline-development process was not supported finan-
cially; all members of the working groups were volunteers. The IFOM
received funding from the lead professional organization (DGSP) for
the preparation of the synopsis and the implementation of the surveys,
but there was no further financial support.

Conflict of interest Information on the management of potential con-
flicts of interest is listed in the Supplementary Material (S1). Below,
only relevant competing interests are listed: C.J., B.W., A.N., and T.S.
are members of the DGSP executive board. C.K. is the head of the
DGSP office. AH., M.C,, TK,, KR., AN, FM,, HS,, CR,, FM,,
K.K., P.P, and A.C. are members of the DGSP scientific board/experts.
K.R. is the owner of a software company for metabolic endurance di-
agnostics (Ergonizer Software e.K., Germany). T.S. received research
funding from an ergometer manufacturer (Ergoline GmbH, Germany).
All other authors declare that they have no competing interests.

Data availability The data presented in this study are available on rea-
sonable request from the corresponding author.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Author contributions C.J. conceived the idea for the consensus state-
ment. C.J., A.H., A.N., and B.W. formed the consensus groups. C.J.,
B.W, AN, AH., AC, CR,, and K.K. led the working groups. K.G.
and A.W. ensured compliance with the predefined guideline methodol-
ogy. All authors were included in the development of the recommen-
dations. They contributed to reviewing and giving feedback on each
iteration of the consensus draft. All authors read and approved the final
version of the manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP,
Cardon G, et al. World Health Organization 2020 guidelines
on physical activity and sedentary behaviour. Br J Sports
Med. 2020;54(24):1451-62. https://doi.org/10.1136/bjspo
rts-2020-102955.

2. Piepoli MF, Abreu A, Albus C, Ambrosetti M, Brotons C, Cata-
pano AL, et al. Update on cardiovascular prevention in clini-
cal practice: a position paper of the European Association of
Preventive Cardiology of the European Society of Cardiology.
Eur J Prev Cardiol. 2020;27(2):181-205. https://doi.org/10.1177/
2047487319893035. (Epub 20191212).

3. Franklin BA, Eijsvogels TMH, Pandey A, Quindry J, Toth PP.
Physical activity, cardiorespiratory fitness, and cardiovascular
health: a clinical practice statement of the American Society for
Preventive Cardiology part II: physical activity, cardiorespira-
tory fitness, minimum and goal intensities for exercise training,
prescriptive methods, and special patient populations. Am J Prev
Cardiol. 2022;12: 100425. https://doi.org/10.1016/j.ajpc.2022.
100425. (Epub 20221013).

4. Maron BJ. The paradox of exercise. N Engl ] Med.
2000;343(19):1409-11. https://doi.org/10.1056/nejm200011
093431911.

5. Whitfield GP, Riebe D, Magal M, Liguori G. Applying the
ACSM preparticipation screening algorithm to US adults:
national health and nutrition examination survey 2001-2004.
Med Sci Sports Exerc. 2017;49(10):2056-63. https://doi.org/
10.1249/MSS.0000000000001331.

6. Franklin BA, Thompson PD, Al-Zaiti SS, Albert CM, Hivert MF,
Levine BD, et al. Exercise-related acute cardiovascular events
and potential deleterious adaptations following long-term exer-
cise training: placing the risks into perspective-an update: a sci-
entific statement from the American Heart Association. Circula-
tion. 2020;141(13):e705-36. https://doi.org/10.1161/CIR.00000
00000000749. (Epub 20200226).

7. lonescu AM, Pitsiladis YP, Rozenstoka S, Bigard X, Lollgen
H, Bachl N, et al. Preparticipation medical evaluation for elite
athletes: EFSMA recommendations on standardised prepar-
ticipation evaluation form in European countries. BMJ Open


https://doi.org/10.1007/s40279-025-02230-5
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1177/2047487319893035
https://doi.org/10.1177/2047487319893035
https://doi.org/10.1016/j.ajpc.2022.100425
https://doi.org/10.1016/j.ajpc.2022.100425
https://doi.org/10.1056/nejm200011093431911
https://doi.org/10.1056/nejm200011093431911
https://doi.org/10.1249/MSS.0000000000001331
https://doi.org/10.1249/MSS.0000000000001331
https://doi.org/10.1161/CIR.0000000000000749
https://doi.org/10.1161/CIR.0000000000000749

1846

C. Joisten et al.

10.

11.

12.

13.

14.

16.

17.
18.

20.

21.

Sport Exerc Med. 2021;7(4): e001178. https://doi.org/10.1136/
bmjsem-2021-001178.

Zeppilli P, Biffi A, Cammarano M, Castelletti S, Cavarretta E,
Cecchi F, et al. Italian cardiological guidelines (COCIS) for com-
petitive sport eligibility in athletes with heart disease: update
2024. Minerva Med. 2024;115(5):533-64. https://doi.org/10.
23736/S0026-4806.24.09519-3.

Weise A, Konsgen N, Joisten C, Schlumberger F, Hirschmiil-
ler A, Breuing J, GooBlen K. Pre-participation evaluation of
recreational and competitive athletes - a systematic review
of guidelines and consensus statements. Sports Med Open.
2025;11(1):33. https://doi.org/10.1186/540798-025-00837-6.
PMID: 40188235; PMCID: PMC11972279.

American College of Sports Medicine. ACSM’s guidelines for
exercise testing and prescription, 11th edition. 2021.

Borjesson M, Urhausen A, Kouidi E, Dugmore D, Sharma S,
Halle M, et al. Cardiovascular evaluation of middle-aged/sen-
ior individuals engaged in leisure-time sport activities: posi-
tion stand from the sections of exercise physiology and sports
cardiology of the European Association of Cardiovascular
Prevention and Rehabilitation. Eur J Cardiovasc Prev Rehabil.
2011;18(3):446-58. https://doi.org/10.1097/HJR.0b013e3283
3b0969.

Ermolao A, Gasperetti A, Rigon A, Patti A, Battista F, Frigo AC,
et al. Comparison of cardiovascular screening guidelines for mid-
dle-aged/older adults. Scand J Med Sci Sports. 2019;29(9):1375—
82. https://doi.org/10.1111/sms.13457. (Epub 20190529).
American College of Sports Medicine. ACSM’s guidelines for
exercise testing and prescription, 9th edition. Philadelphia, 2014.
Riebe D, Franklin BA, Thompson PD, Garber CE, Whitfield GP,
Magal M, et al. Updating ACSM’s recommendations for exer-
cise preparticipation health screening. Med Sci Sports Exerc.
2015;47(11):2473-9. https://doi.org/10.1249/mss.0000000000
000664.

S2k-Leitlinie Sportmedizinische Vorsogeuntersuchung. Register-
nummer 066-002; https://register.awmf.org/de/leitlinien/detail/
066-002. Accessed 22 Apr 2024.

The European Commission. Commission delegated decision
(EU) 2024/1395 of 5 March 2024 amending Directive 2005/36/
EC of the European Parliament and of the Council as regards the
evidence of formal qualifications and the titles of training courses
2024. Available from: https://eur-lex.europa.eu/legal-content/EN/
TXT/PDF/?uri=0J:L_202401395.

Available from: www.dgsp.de.

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte
M]J, Lee IM, et al. American College of Sports Medicine posi-
tion stand. Quantity and quality of exercise for developing and
maintaining cardiorespiratory, musculoskeletal, and neuromo-
tor fitness in apparently healthy adults: guidance for prescribing
exercise. Med Sci Sports Exerc. 2011;43(7):1334-59. https://doi.
org/10.1249/MSS.0b013e318213fefb.

Lang JJ, Prince SA, Merucci K, Cadenas-Sanchez C, Chaput
JP, Fraser BJ, et al. Cardiorespiratory fitness is a strong and
consistent predictor of morbidity and mortality among adults:
an overview of meta-analyses representing over 20.9 million
observations from 199 unique cohort studies. Br J Sports Med.
2024. https://doi.org/10.1136/bjsports-2023-107849. (Epub
20240409).

Association of the Scientific Medical Societies in Germany
(AWMF)-Standing Guidelines Commission. AWMF guidance
manual and rules for guideline development, Version 2.1. 2023.
Available at: https://www.awmf.org/fileadmin/user_upload/datei
en/downloads_regelwerk/en_20230905_AWMF-Regelwerk_
2023_V2.1.pdf. Accessed on 30.09.2024.

Goossen K, Weise A, Hirschmiiller A, Joisten C, Jaax S,
Kreutz C, et al. Sports pre-participation evaluations in healthy

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

adults—a survey-based assessment of acceptability and feasibil-
ity among sports physicians and participants. 2024. (submitted
for publication).

Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau
F, Feder G, et al. AGREE II: advancing guideline devel-
opment, reporting and evaluation in health care. CMAIJ.
2010;182(18):E839—-42. https://doi.org/10.1503/cmaj.090449.
(Epub 20100705).

Hoffmann-EBer W, Siering U, Neugebauer EAM, Brockhaus AC,
McGauran N, Eikermann M. Guideline appraisal with AGREE
II: online survey of the potential influence of AGREE II items
on overall assessment of guideline quality and recommendation
for use. BMC Health Serv Res. 2018;18(1):143. https://doi.org/
10.1186/s12913-018-2954-8. (Epub 20180227).

OCEBM levels of Evidence Working Group. The Oxford levels
of evidence 2”. Oxford Centre for Evidence-Based Medicine.
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-
levels-of-evidence. 2011.

Halperin JL, Levine GN, Al-Khatib SM, Birtcher KK, Bozkurt
B, Brindis RG, et al. Further evolution of the ACC/AHA clini-
cal practice guideline recommendation classification system: a
report of the American College of Cardiology/American Heart
Association Task Force on clinical practice guidelines. Circula-
tion. 2016;133(14):1426-8. https://doi.org/10.1161/CIR.00000
00000000312. (Epub 20150923).

InformedHealth.org [Internet]. Cologne, Germany: Institute for
Quality and Efficiency in Health Care (IQWiG); 2006. In brief:
benefits and risks of screening tests. [Updated 2019 Dec 17].
Available from: https://www.ncbi.nlm.nih.gov/books/NBK27
9418.

Price OJ, Tsakirides C, Gray M, Stavropoulos-Kalinoglou
A. ACSM preparticipation health screening guidelines: a
UK university cohort perspective. Med Sci Sports Exerc.
2019;51(5):1047-54. https://doi.org/10.1249/MSS.0000000000
001868.

Schwellnus M, Swanevelder S, Derman W, Borjesson M,
Schwabe K, Jordaan E. Prerace medical screening and edu-
cation reduce medical encounters in distance road races:
SAFER VIII study in 153 208 race starters. Br J Sports Med.
2019;53(10):634-9. https://doi.org/10.1136/bjsports-2018-
099275. (Epub 20181109).

Vessella T, Zorzi A, Merlo L, Pegoraro C, Giorgiano F, Trevisan-
ato M, et al. The Italian preparticipation evaluation programme:
diagnostic yield, rate of disqualification and cost analysis. Br
J Sports Med. 2020;54(4):231-7. https://doi.org/10.1136/bjspo
rts-2018-100293. (Epub 20190717).

American Academy of Pediatrics, American Academy of Fam-
ily Physicians, American College of Sports Medicine, American
Medical Society for Sports Medicine, American Orthopaedic
Society for Sports Medicine, American Osteopathic Academy
of Sports Medicine. Preparticipation physical evaluation, 5th
edition. American Academy of Pediatrics; 2019. p. 240.
Freedson PS, Melanson E, Sirard J. Calibration of the computer
science and applications, Inc. accelerometer. Med Sci Sports
Exerc. 1998;30(5):777-81. https://doi.org/10.1097/00005768-
199805000-00021.

Physical activity prescription: a critical opportunity to address
a modifiable risk factor for the prevention and management of
chronic disease: a position statement by the Canadian Academy
of Sport and Exercise Medicine: erratum. Clin J Sport Med.
2020;30(6):616.

Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Gold-
berg RJ, Muller JE. Triggering of acute myocardial infarction by
heavy physical exertion. Protection against triggering by regu-
lar exertion. Determinants of myocardial infarction onset study


https://doi.org/10.1136/bmjsem-2021-001178
https://doi.org/10.1136/bmjsem-2021-001178
https://doi.org/10.23736/S0026-4806.24.09519-3
https://doi.org/10.23736/S0026-4806.24.09519-3
https://doi.org/10.1186/s40798-025-00837-6
https://doi.org/10.1097/HJR.0b013e32833bo969
https://doi.org/10.1097/HJR.0b013e32833bo969
https://doi.org/10.1111/sms.13457
https://doi.org/10.1249/mss.0000000000000664
https://doi.org/10.1249/mss.0000000000000664
https://register.awmf.org/de/leitlinien/detail/066-002
https://register.awmf.org/de/leitlinien/detail/066-002
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401395
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202401395
http://www.dgsp.de
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1136/bjsports-2023-107849
https://www.awmf.org/fileadmin/user_upload/dateien/downloads_regelwerk/en_20230905_AWMF-Regelwerk_2023_V2.1.pdf
https://www.awmf.org/fileadmin/user_upload/dateien/downloads_regelwerk/en_20230905_AWMF-Regelwerk_2023_V2.1.pdf
https://www.awmf.org/fileadmin/user_upload/dateien/downloads_regelwerk/en_20230905_AWMF-Regelwerk_2023_V2.1.pdf
https://doi.org/10.1503/cmaj.090449
https://doi.org/10.1186/s12913-018-2954-8
https://doi.org/10.1186/s12913-018-2954-8
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ocebm-levels-of-evidence
https://doi.org/10.1161/CIR.0000000000000312
https://doi.org/10.1161/CIR.0000000000000312
https://www.ncbi.nlm.nih.gov/books/NBK279418
https://www.ncbi.nlm.nih.gov/books/NBK279418
https://doi.org/10.1249/MSS.0000000000001868
https://doi.org/10.1249/MSS.0000000000001868
https://doi.org/10.1136/bjsports-2018-099275
https://doi.org/10.1136/bjsports-2018-099275
https://doi.org/10.1136/bjsports-2018-100293
https://doi.org/10.1136/bjsports-2018-100293
https://doi.org/10.1097/00005768-199805000-00021
https://doi.org/10.1097/00005768-199805000-00021

Consensus-Based German Guideline on Sports Preparticipation Evaluation

1847

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

investigators. N Engl J Med. 1993;329(23):1677-83. https://doi.
org/10.1056/nejm199312023292301.

Culic V, Alturki A, Vio R, Proietti R, Jeroncic A. Acute myocar-
dial infarction triggered by physical exertion: a systematic review
and meta-analysis. Eur J Prev Cardiol. 2023;30(9):794-804.
https://doi.org/10.1093/eurjpc/zwad045.

Smyth A, O’Donnell M, Hankey GJ, Rangarajan S, Lopez-Jar-
amillo P, Xavier D, et al. Anger or emotional upset and heavy
physical exertion as triggers of stroke: the INTERSTROKE
study. Eur Heart J. 2022;43(3):202-9. https://doi.org/10.1093/
eurheartj/ehab738.

Culi¢ V, AlTurki A, Proietti R. Public health impact of daily
life triggers of sudden cardiac death: a systematic review and
comparative risk assessment. Resuscitation. 2021;162:154-62.
https://doi.org/10.1016/j.resuscitation.2021.02.036. (Epub
20210301).

Strike PC, Steptoe A. Behavioral and emotional triggers of acute
coronary syndromes: a systematic review and critique. Psycho-
som Med. 2005;67(2):179-86. https://doi.org/10.1097/01.psy.
0000155663.93160.d2.

Goodman JM, Burr JF, Banks L, Thomas SG. The acute risks of
exercise in apparently healthy adults and relevance for preven-
tion of cardiovascular events. Can J Cardiol. 2016;32(4):523-32.
https://doi.org/10.1016/j.cjca.2016.01.019. (Epub 20160123).
Patterson R, McNamara E, Tainio M, de S4 TH, Smith AD, Sharp
SJ, et al. Sedentary behaviour and risk of all-cause, cardiovascu-
lar and cancer mortality, and incident type 2 diabetes: a system-
atic review and dose response meta-analysis. Eur J Epidemiol.
2018;33(9):811-29. https://doi.org/10.1007/s10654-018-0380-1.
(Epub 20180328).

Graf C, Schlepper S, Bauer C, Ferrari N, Frank S, Gartner L,
et al. Feasibility and acceptance of exercise recommendations
(10,000 steps a day) within routine German health check (Check-
Up 35/GOA29)-study protocol. Pilot Feasibility Stud. 2016;2:52.
https://doi.org/10.1186/s40814-016-0092-9. (Epub 20160907).
Leijon ME, Bendtsen P, Nilsen P, Festin K, Stahle A. Does a
physical activity referral scheme improve the physical activity
among routine primary health care patients? Scand J Med Sci
Sports. 2009;19(5):627-36. https://doi.org/10.1111/j.1600-0838.
2008.00820.x. (Epub 20080708).

Jordan SSA. Arztliche Beratung zur kérperlich-sportlichen.
Aktivitédt Ergebnisse aus der KomPaS-Studie. J Health Monit.
2021;6(2):78-85. https://doi.org/10.25646/7144.

Deutsche Gesellschaft fiir Allgemeinmedizin und Familienmedi-
zin e.V. (DEGAM). S3-Leitlinie Hausérztliche Risikoberatung
zur kardiovaskuldren Pravention 2016. Available from: https://
register.awmf.org/de/leitlinien/detail/053-024.

Miller SJ, Foran-Tuller K, Ledergerber J, Jandorf L. Motivational
interviewing to improve health screening uptake: a systematic
review. Patient Educ Couns. 2017;100(2):190-8. https://doi.org/
10.1016/j.pec.2016.08.027. (Epub 20160826).

Thepwongsa I, Muthukumar R, Kessomboon P. Motivational
interviewing by general practitioners for type 2 diabetes patients:
a systematic review. Fam Pract. 2017;34(4):376-83. https://doi.
org/10.1093/fampra/cmx045.

Martiskainen T, Lamidi ML, Venojarvi M, Tikkanen H, Laati-
kainen T. Factors affecting the effectiveness of the physical
activity counselling intervention implemented in primary
health care in adults with type 2 diabetes. BMC Endocr Disord.
2023;23(1):166. https://doi.org/10.1186/s12902-023-01428-w.
(Epub 20230807).

Andersen P, Holmberg S, Arestedt K, Lendahls L, Nilsen P. Fac-
tors associated with increased physical activity among patients
prescribed physical activity in Swedish routine health care
including an offer of counselor support: a 1-year follow-up. BMC

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Public Health. 2022;22(1):509. https://doi.org/10.1186/s12889-
022-12940-4. (Epub 20220315).

Schroe H, Van Dyck D, De Paepe A, Poppe L, Loh WW, Ver-
loigne M, et al. Which behaviour change techniques are effective
to promote physical activity and reduce sedentary behaviour in
adults: a factorial randomized trial of an e- and m-health inter-
vention. Int J Behav Nutr Phys Act. 2020;17(1):127. https://doi.
org/10.1186/s12966-020-01001-x. (Epub 20201007).

Bischof G, Bischof A, Rumpf HJ. Motivational interviewing:
an evidence-based approach for use in medical practice. Dtsch
Arztebl Int. 2021;118(7):109-15. https://doi.org/10.3238/arzte
bl.m2021.0014.

Conley KM, Bolin DJ, Carek PJ, Konin JG, Neal TL, Violette
D. National Athletic Trainers’ Association position statement:
preparticipation physical examinations and disqualifying condi-
tions. J Athl Train. 2014;49(1):102-20. https://doi.org/10.4085/
1062-6050-48.6.05.

Diamond AB, Narducci DM, Roberts WO, Bernhardt DT,
LaBella CR, Moffatt KA, et al. Interim guidance on the prepar-
ticipation physical examination for athletes during the SARS-
CoV-2 pandemic. Clin J Sport Med. 2021;31(1):1-6.

Narducci DM, Diamond AB, Bernhardt DT, Roberts WO.
COVID vaccination in athletes and updated interim guidance
on the preparticipation physical examination during the SARS-
Cov-2 pandemic. Clin J Sport Med. 2022;32(1):e1-6. https://doi.
org/10.1097/JSM.0000000000000981.

European Federation of Sports Medicine Associations (EFSMA).
Pre-participation evaluation form: recreational athletes. Avail-
able from: https://www.efsma.org/images/PPE/Pre-Participat
ion-Form_Recreational-Athletes_v2.pdf.

Score Working Group E. S. C. Cardiovascular risk collaboration.
SCORE?2 risk prediction algorithms: new models to estimate
10-year risk of cardiovascular disease in Europe. Eur Heart J.
2021;42(25):2439-54. https://doi.org/10.1093/eurheartj/ehab3
09.

SCORE2-OP risk prediction algorithms: estimating incident car-
diovascular event risk in older persons in four geographical risk
regions. Eur Heart J. 2021;42(25):2455-67. https://doi.org/10.
1093/eurheartj/ehab312.

Cooney MT, Selmer R, Lindman A, Tverdal A, Menotti A,
Thomsen T, et al. Cardiovascular risk estimation in older per-
sons: SCORE O.P. Eur J Prev Cardiol. 2016;23(10):1093-103.
https://doi.org/10.1177/2047487315588390. (Epub 20150603).
Bundesirztekammer (BAK), Kassenirztliche Bundesver-
einigung (KBV), Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften (AWMF). Nationale Ver-
sorgungsLeitlinie Chronische KHK, Version 6.0. 2022 [cited:
2024-01-12]. https://doi.org/10.6101/AZQ/000491. www.leitl
inien.de/khk.

SCORE?2 risk prediction algorithms: new models to estimate
10-year risk of cardiovascular disease in Europe. Eur Heart J.
2021;42(25):2439-54. https://doi.org/10.1093/eurheartj/ehab3
09.

Angelow A, Klotzer C, Donner-Banzhoff N, Haasenritter
J, Schmidt CO, Dorr M, et al. Validation of cardiovascular
risk prediction by the Arriba instrument. Dtsch Arztebl Int.
2022;119(27-28):476-82. https://doi.org/10.3238/arztebl.
m2022.0220.

Bundesverband Niedergelassener Kardiologen. BNK scores.
http://www.scores.bnk.de. Accessed 02 Aug 2024.

Laily I, Wiggers TGH, van Steijn N, Bijsterveld N, Bakermans
AlJ, Froeling M, et al. Pre-participation screenings frequently
miss occult cardiovascular conditions in apparently healthy
male middle-aged first-time marathon runners. Cardiology.
2024;149(3):255-63. https://doi.org/10.1159/000536553.


https://doi.org/10.1056/nejm199312023292301
https://doi.org/10.1056/nejm199312023292301
https://doi.org/10.1093/eurjpc/zwad045
https://doi.org/10.1093/eurheartj/ehab738
https://doi.org/10.1093/eurheartj/ehab738
https://doi.org/10.1016/j.resuscitation.2021.02.036
https://doi.org/10.1097/01.psy.0000155663.93160.d2
https://doi.org/10.1097/01.psy.0000155663.93160.d2
https://doi.org/10.1016/j.cjca.2016.01.019
https://doi.org/10.1007/s10654-018-0380-1
https://doi.org/10.1186/s40814-016-0092-9
https://doi.org/10.1111/j.1600-0838.2008.00820.x
https://doi.org/10.1111/j.1600-0838.2008.00820.x
https://doi.org/10.25646/7144
https://register.awmf.org/de/leitlinien/detail/053-024
https://register.awmf.org/de/leitlinien/detail/053-024
https://doi.org/10.1016/j.pec.2016.08.027
https://doi.org/10.1016/j.pec.2016.08.027
https://doi.org/10.1093/fampra/cmx045
https://doi.org/10.1093/fampra/cmx045
https://doi.org/10.1186/s12902-023-01428-w
https://doi.org/10.1186/s12889-022-12940-4
https://doi.org/10.1186/s12889-022-12940-4
https://doi.org/10.1186/s12966-020-01001-x
https://doi.org/10.1186/s12966-020-01001-x
https://doi.org/10.3238/arztebl.m2021.0014
https://doi.org/10.3238/arztebl.m2021.0014
https://doi.org/10.4085/1062-6050-48.6.05
https://doi.org/10.4085/1062-6050-48.6.05
https://doi.org/10.1097/JSM.0000000000000981
https://doi.org/10.1097/JSM.0000000000000981
https://www.efsma.org/images/PPE/Pre-Participation-Form_Recreational-Athletes_v2.pdf
https://www.efsma.org/images/PPE/Pre-Participation-Form_Recreational-Athletes_v2.pdf
https://doi.org/10.1093/eurheartj/ehab309
https://doi.org/10.1093/eurheartj/ehab309
https://doi.org/10.1093/eurheartj/ehab312
https://doi.org/10.1093/eurheartj/ehab312
https://doi.org/10.1177/2047487315588390
https://doi.org/10.6101/AZQ/000491
http://www.leitlinien.de/khk
http://www.leitlinien.de/khk
https://doi.org/10.1093/eurheartj/ehab309
https://doi.org/10.1093/eurheartj/ehab309
https://doi.org/10.3238/arztebl.m2022.0220
https://doi.org/10.3238/arztebl.m2022.0220
http://www.scores.bnk.de
https://doi.org/10.1159/000536553

1848

C. Joisten et al.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

1.

Périard JD, DeGroot D, Jay O. Exertional heat stroke in sport
and the military: epidemiology and mitigation. Exp Physiol.
2022;107(10):1111-21. https://doi.org/10.1113/ep090686.
(Epub 20220914).

Gatterer H, Villafuerte FC, Ulrich S, Bhandari SS, Keyes
LE, Burtscher M. Altitude illnesses. Nat Rev Dis Primers.
2024;10(1):43. https://doi.org/10.1038/s41572-024-00526-w.
(Epub 20240620).

Stamos A, Mills S, Malliaropoulos N, Cantamessa S, Dartevelle
JL, Giindiiz E, et al. The European Association for Sports Den-
tistry, Academy for Sports Dentistry, European College of Sports
and Exercise Physicians consensus statement on sports dentistry
integration in sports medicine. Dent Traumatol. 2020;36(6):680—
4. https://doi.org/10.1111/edt.12593.

Smith J, Laskowski ER, editors. The preparticipation physical
examination: Mayo Clinic experience with 2,739 examinations.
Mayo Clinic Proceedings. Elsevier; 1998.

du Toit F, Schwellnus M, Wood P, Swanevelder S, Killops J,
Jordaan E. Epidemiology, clinical characteristics and severity
of gradual onset injuries in recreational road cyclists: a cross-
sectional study in 21,824 cyclists - SAFER XIII. Phys Ther
Sport. 2020;46:113-9. https://doi.org/10.1016/j.ptsp.2020.08.
006. (Epub 20200823).

Lun V, Meeuwisse WH, Stergiou P, Stefanyshyn D. Relation
between running injury and static lower limb alignment in rec-
reational runners. Br J Sports Med. 2004;38(5):576-80. https://
doi.org/10.1136/bjsm.2003.005488.

van Gent RN, Siem D, van Middelkoop M, van Os AG, Bierma-
Zeinstra SM, Koes BW. Incidence and determinants of lower
extremity running injuries in long distance runners: a systematic
review. Br J Sports Med. 2007;41(8):469-80. https://doi.org/10.
1136/bjsm.2006.033548. (discussion 80. Epub 20070501).
Kurowski K, Chandran S. The preparticipation athletic evalua-
tion. Am Fam Physician. 2000;61(9):2683-90 (96-8).
MacDonald J, Schaefer M, Stumph J. The preparticipation physi-
cal evaluation. Am Fam Physician. 2021;103(9):539-46.
Ugalde V, Brockman C, Bailowitz Z, Pollard CD. Single leg
squat test and its relationship to dynamic knee valgus and injury
risk screening. PM R. 2015;7(3):229-35. https://doi.org/10.
1016/j.pmrj.2014.08.361. (quiz 35. Epub 20140808).
Newman P, Adams R, Waddington G. Two simple clini-
cal tests for predicting onset of medial tibial stress syn-
drome: shin palpation test and shin oedema test. Br J Sports
Med. 2012;46(12):861-4. https://doi.org/10.1136/bjspo
rts-2011-090409.

de Visser HM, Reijman M, Heijboer MP, Bos PK. Risk factors
of recurrent hamstring injuries: a systematic review. Br J Sports
Med. 2012;46(2):124-30. https://doi.org/10.1136/bjsports-2011-
090317. (Epub 20111019).

Gashi F, Kovacic T, Gashi Al, Boshnjaku A, Shalaj I. Predicting
risk factors of lower extremity injuries in elite women’s foot-
ball: systematic review and meta-analysis. Sports (Basel). 2023.
https://doi.org/10.3390/sports11090187. (Epub 20230920).
Mendiguchia J, Alentorn-Geli E, Idoate F, Myer GD. Rectus
femoris muscle injuries in football: a clinically relevant review
of mechanisms of injury, risk factors and preventive strategies.
Br J Sports Med. 2013;47(6):359-66. https://doi.org/10.1136/
bjsports-2012-091250. (Epub 20120803).

Quarmby A, Zhang M, Geisler M, Javorsky T, Mugele H, Cassel
M, et al. Risk factors and injury prevention strategies for over-
use injuries in adult climbers: a systematic review. Front Sports
Act Living. 2023;5:1269870. https://doi.org/10.3389/fspor.2023.
1269870. (Epub 20231212).

Streck LE, Chiu YF, Braun S, Mujaj A, Hanreich C, Boettner
F. Activity following total hip arthroplasty: which patients are

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

active, and is being active safe? J Clin Med. 2023. https://doi.org/
10.3390/jcm12206482. (Epub 20231012).

Bundesirztekammer (BAK), Kassenirztliche Bundesvereinigung
(KBV), Arbeitsgemeinschaft der Wissenschaftlichen Medizinis-
chen Fachgesellschaften (AWMF). Nationale Versorgungs-
Leitlinie Typ-2-Diabetes—Langfassung. Version 3.0. 2023
[cited: 2024-01-12]. https://doi.org/10.6101/AZQ/000503. www.
leitlinien.de/diabetes.

Lollgen H, Borjesson M, Cummiskey J, Bachl N, Debruyne A.
The pre-participation examination in sports: EFSMA statement
on ECG for pre-participation examination. Deutsche Zeitschrift
fiir Sportmedizin. 2015;66(6):151-5.

Harmon KG, Zigman M, Drezner JA. The effectiveness of
screening history, physical exam, and ECG to detect potentially
lethal cardiac disorders in athletes: a systematic review/meta-
analysis. J Electrocardiol. 2015;48(3):329-38. https://doi.org/10.
1016/j.jelectrocard.2015.02.001. (Epub 20150208).

Corrado D, Basso C, Pavei A, Michieli P, Schiavon M, Thiene
G. Trends in sudden cardiovascular death in young competitive
athletes after implementation of a preparticipation screening pro-
gram. JAMA. 2006;296(13):1593-601. https://doi.org/10.1001/
jama.296.13.1593.

Lampert R, Chung EH, Ackerman MJ, Arroyo AR, Darden D,
Deo R, et al. 2024 HRS expert consensus statement on arrhyth-
mias in the athlete: evaluation, treatment, and return to play.
Heart Rhythm. 2024;21(10):e151-252. https://doi.org/10.1016/j.
hrthm.2024.05.018. (Epub 20240517).

Mont L, Pelliccia A, Sharma S, Biffi A, Borjesson M, Brugada
Terradellas J, et al. Pre-participation cardiovascular evalua-
tion for athletic participants to prevent sudden death: position
paper from the EHRA and the EACPR, branches of the ESC.
Endorsed by APHRS, HRS, and SOLAECE. Eur J Prev Cardiol.
2017;24(1):41-69. https://doi.org/10.1177/2047487316676042.
Rodday AM, Triedman JK, Alexander ME, Cohen JT, Ip S, New-
burger JW, et al. Electrocardiogram screening for disorders that
cause sudden cardiac death in asymptomatic children: a meta-
analysis. Pediatrics. 2012;129:¢1010-999.

Drezner JA, Sharma S, Baggish A, Papadakis M, Wilson
MG, Prutkin JM, et al. International criteria for electrocardio-
graphic interpretation in athletes: consensus statement. Br J
Sports Med. 2017;51(9):704-31. https://doi.org/10.1136/bjspo
rts-2016-097331.

Sharma S, Drezner JA, Baggish A, Papadakis M, Wilson
MG, Prutkin JM, et al. International recommendations for
electrocardiographic interpretation in athletes. Eur Heart J.
2018;39(16):1466-80. https://doi.org/10.1093/eurheartj/ehw631.
Halasz G, Capelli B, Nardecchia A, Cattaneo M, Cassina T,
Biasini V, et al. Cost-effectiveness and diagnostic accuracy
of focused cardiac ultrasound in the pre-participation screen-
ing of athletes: the SPORT-FoCUS study. Eur J Prev Cardiol.
2023;30(16):1748-57. https://doi.org/10.1093/eurjpc/zwad287.
Donati F, Guicciardi C, Lodi E, Fernando F, Palermi S, Mod-
ena MG, et al. Echocardiography in the preparticipation screen-
ing: an old topic revisited. J Cardiovasc Med (Hagerstown).
2023;24(5):297-301. https://doi.org/10.2459/ICM.0000000000
001460. (Epub 20230317).

Fletcher GF, Ades PA, Kligfield P, Arena R, Balady GJ, Bittner
VA, et al. Exercise standards for testing and training: a scientific
statement from the American Heart Association. Circulation.
2013;128(8):873-934. https://doi.org/10.1161/CIR.0b013e3182
9b5b44. (Epub 20130722).

Ferraro R, Latina JM, Alfaddagh A, Michos ED, Blaha MJ, Jones
SR, et al. Evaluation and management of patients with stable
angina: beyond the ischemia paradigm: JACC state-of-the-art
review. J] Am Coll Cardiol. 2020;76(19):2252-66. https://doi.
org/10.1016/j.jacc.2020.08.078.


https://doi.org/10.1113/ep090686
https://doi.org/10.1038/s41572-024-00526-w
https://doi.org/10.1111/edt.12593
https://doi.org/10.1016/j.ptsp.2020.08.006
https://doi.org/10.1016/j.ptsp.2020.08.006
https://doi.org/10.1136/bjsm.2003.005488
https://doi.org/10.1136/bjsm.2003.005488
https://doi.org/10.1136/bjsm.2006.033548
https://doi.org/10.1136/bjsm.2006.033548
https://doi.org/10.1016/j.pmrj.2014.08.361
https://doi.org/10.1016/j.pmrj.2014.08.361
https://doi.org/10.1136/bjsports-2011-090409
https://doi.org/10.1136/bjsports-2011-090409
https://doi.org/10.1136/bjsports-2011-090317
https://doi.org/10.1136/bjsports-2011-090317
https://doi.org/10.3390/sports11090187
https://doi.org/10.1136/bjsports-2012-091250
https://doi.org/10.1136/bjsports-2012-091250
https://doi.org/10.3389/fspor.2023.1269870
https://doi.org/10.3389/fspor.2023.1269870
https://doi.org/10.3390/jcm12206482
https://doi.org/10.3390/jcm12206482
https://doi.org/10.6101/AZQ/000503
http://www.leitlinien.de/diabetes
http://www.leitlinien.de/diabetes
https://doi.org/10.1016/j.jelectrocard.2015.02.001
https://doi.org/10.1016/j.jelectrocard.2015.02.001
https://doi.org/10.1001/jama.296.13.1593
https://doi.org/10.1001/jama.296.13.1593
https://doi.org/10.1016/j.hrthm.2024.05.018
https://doi.org/10.1016/j.hrthm.2024.05.018
https://doi.org/10.1177/2047487316676042
https://doi.org/10.1136/bjsports-2016-097331
https://doi.org/10.1136/bjsports-2016-097331
https://doi.org/10.1093/eurheartj/ehw631
https://doi.org/10.1093/eurjpc/zwad287
https://doi.org/10.2459/JCM.0000000000001460
https://doi.org/10.2459/JCM.0000000000001460
https://doi.org/10.1161/CIR.0b013e31829b5b44
https://doi.org/10.1161/CIR.0b013e31829b5b44
https://doi.org/10.1016/j.jacc.2020.08.078
https://doi.org/10.1016/j.jacc.2020.08.078

Consensus-Based German Guideline on Sports Preparticipation Evaluation

1849

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Joshi PH, de Lemos JA. Diagnosis and management of stable
angina: a review. JAMA. 2021;325(17):1765-78. https://doi.org/
10.1001/jama.2021.1527.

Knuuti J, Ballo H, Juarez-Orozco LE, Saraste A, Kolh P, Rutjes
AWS, et al. The performance of non-invasive tests to rule-in and
rule-out significant coronary artery stenosis in patients with sta-
ble angina: a meta-analysis focused on post-test disease probabil-
ity. Eur Heart J. 2018;39(35):3322-30. https://doi.org/10.1093/
eurheartj/ehy267.

Sinha A, Dutta U, Demir OM, De Silva K, Ellis H, Belford S,
et al. Rethinking false positive exercise electrocardiographic
stress tests by assessing coronary microvascular function. J Am
Coll Cardiol. 2024;83(2):291-9. https://doi.org/10.1016/j.jacc.
2023.10.034.

Kaminsky LA, Arena R, Myers J. Reference standards for car-
diorespiratory fitness measured with cardiopulmonary exercise
testing: data from the Fitness Registry and the Importance of
Exercise National Database. Mayo Clin Proc. 2015;90(11):1515—
23. https://doi.org/10.1016/j.mayocp.2015.07.026. (Epub
20151005).

Pocket-Leitlinie: Chronisches Koronarsyndrom (Version 2019).
https://leitlinien.dgk.org/files/08_2019_pocket_leitlinien_chron
isches_koronarsyndrom.pdf.

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano
AL, et al. 2016 European guidelines on cardiovascular disease
prevention in clinical practice: The Sixth Joint Task Force of the
European Society of Cardiology and Other Societies on Car-
diovascular Disease Prevention in Clinical Practice (constituted
by representatives of 10 societies and by invited experts)Devel-
oped with the special contribution of the European Association
for Cardiovascular Prevention & Rehabilitation (EACPR). Eur
Heart J. 2016;37(29):2315-81. https://doi.org/10.1093/eurheartj/
ehw106. (Epub 20160523).

Ozemek C, Laddu DR, Lavie CJ, Claeys H, Kaminsky LA,
Ross R, et al. An update on the role of cardiorespiratory fitness,
structured exercise and lifestyle physical activity in preventing
cardiovascular disease and health risk. Prog Cardiovasc Dis.
2018;61(5-6):484-90. https://doi.org/10.1016/j.pcad.2018.11.
005. (Epub 20181113).

Ross R, Blair SN, Arena R, Church TS, Despres JP, Franklin BA,
et al. Importance of assessing cardiorespiratory fitness in clini-
cal practice: a case for fitness as a clinical vital sign: a scientific
statement from the American Heart Association. Circulation.
2016;134(24):e653-99. https://doi.org/10.1161/CIR.0000000000
000461. (Epub 20161121).

Israel A, Kivity S, Sidi Y, Segev S, Berkovitch A, Klempfner R,
et al. Use of exercise capacity to improve SCORE risk prediction
model in asymptomatic adults. Eur Heart J. 2016;37(29):2300-6.
https://doi.org/10.1093/eurheartj/ehw053. (Epub 20160224).
Meyer FJ, Borst MM, Buschmann HC, Claussen M, Dumitrescu
D, Ewert R, et al. Belastungsuntersuchungen in der Pneumolo-
gie—Empfehlungen der Deutschen Gesellschaft fiir Pneumologie
und Beatmungsmedizin e.V. Pneumologie. 2018;72(10):687—
731. https://doi.org/10.1055/a-0637-8593.

Pelliccia A, Sharma S, Gati S, Bick M, Borjesson M, Caselli S,
et al. 2020 ESC guidelines on sports cardiology and exercise in
patients with cardiovascular disease. Eur Heart J. 2021;42(1):17—
96. https://doi.org/10.1093/eurheartj/ehaa605.

Dodds RM, Syddall HE, Cooper R, Benzeval M, Deary 1J, Den-
nison EM, et al. Grip strength across the life course: norma-
tive data from twelve British studies. PLoS ONE. 2014;9(12):
e113637. https://doi.org/10.1371/journal.pone.0113637. (Epub
20141204).

Bergquist R, Weber M, Schwenk M, Ulseth S, Helbostad JL,
Vereijken B, et al. Performance-based clinical tests of balance
and muscle strength used in young seniors: a systematic literature

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

review. BMC Geriatr. 2019;19(1):9. https://doi.org/10.1186/
s12877-018-1011-0. (Epub 20190109).

Buss LF, Spitzer D, Watson JC. Can I have blood tests to check
everything is alright? BMJ. 2023;382: e075728. https://doi.org/
10.1136/bmj-2023-075728. (Epub 20230705).

Brown JC, Schmitz KH. The dose-response effects of aerobic
exercise on musculoskeletal injury: a post hoc analysis of a ran-
domized trial. Res Sports Med. 2017;25(3):277-89. https://doi.
org/10.1080/15438627.2017.1314295. (Epub 20170406).
Thompson PD, Franklin BA, Balady GJ, Blair SN, Corrado D,
Estes NA 3rd, et al. Exercise and acute cardiovascular events
placing the risks into perspective: a scientific statement from
the American Heart Association Council on Nutrition, Physical
Activity, and Metabolism and the Council on Clinical Cardiol-
ogy. Circulation. 2007;115(17):2358-68. https://doi.org/10.1161/
circulationaha.107.181485.

Carek PJ, Mainous A III. The preparticipation physical examina-
tion for athletics: a systematic review of current recommenda-
tions. BMJ. 2003. https://doi.org/10.1136/bmjusa.02120003.
Wingfield K, Matheson GO, Meeuwisse WH. Preparticipa-
tion evaluation: an evidence-based review. Clin J Sport Med.
2004;14(3):109-22. https://doi.org/10.1097/00042752-20040
5000-00002.

Martinez M. Revolutionizing cardiology: Al in ECG analysis
paves the way for better disease detection and treatment. NEJM
Al—sponsored content. 2024. https://doi.org/10.1056/AI1-S2400
629.

Ribeiro AH, Ribeiro MH, Paixao GMM, Oliveira DM, Gomes
PR, Canazart JA, et al. Automatic diagnosis of the 12-lead ECG
using a deep neural network. Nat Commun. 2020;11(1):1760.
https://doi.org/10.1038/s41467-020-15432-4. (Epub 20200409).
Bahr R. Why screening tests to predict injury do not work-
and probably never will...: a critical review. Br J Sports Med.
2016;50(13):776-80. https://doi.org/10.1136/bjsports-2016-
096256. (Epub 20160419).

Bjerregaard AL, Dalsgaard EM, Bruun NH, Norman K, Witte
DR, Stovring H, et al. Effectiveness of the population-based
‘check your health preventive programme’ conducted in a pri-
mary care setting: a pragmatic randomised controlled trial. J
Epidemiol Community Health. 2022;76(1):24-31. https://doi.
org/10.1136/jech-2021-216581. (Epub 20210618).

Bohm P, Meyer T, Narayanan K, Schindler M, Weizman O,
Beganton F, et al. Sports-related sudden cardiac arrest in young
adults. Europace. 2023;25(2):627-33. https://doi.org/10.1093/
europace/euacl72.

Egger F, Scharhag J, Kastner A, Dvorak J, Bohm P, Meyer T.
FIFA Sudden Death Registry (FIFA-SDR): a prospective, obser-
vational study of sudden death in worldwide football from 2014
to 2018. Br J Sports Med. 2022;56(2):80-7. https://doi.org/10.
1136/bjsports-2020-102368. (Epub 20201223).


https://doi.org/10.1001/jama.2021.1527
https://doi.org/10.1001/jama.2021.1527
https://doi.org/10.1093/eurheartj/ehy267
https://doi.org/10.1093/eurheartj/ehy267
https://doi.org/10.1016/j.jacc.2023.10.034
https://doi.org/10.1016/j.jacc.2023.10.034
https://doi.org/10.1016/j.mayocp.2015.07.026
https://leitlinien.dgk.org/files/08_2019_pocket_leitlinien_chronisches_koronarsyndrom.pdf
https://leitlinien.dgk.org/files/08_2019_pocket_leitlinien_chronisches_koronarsyndrom.pdf
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1016/j.pcad.2018.11.005
https://doi.org/10.1016/j.pcad.2018.11.005
https://doi.org/10.1161/CIR.0000000000000461
https://doi.org/10.1161/CIR.0000000000000461
https://doi.org/10.1093/eurheartj/ehw053
https://doi.org/10.1055/a-0637-8593
https://doi.org/10.1093/eurheartj/ehaa605
https://doi.org/10.1371/journal.pone.0113637
https://doi.org/10.1186/s12877-018-1011-0
https://doi.org/10.1186/s12877-018-1011-0
https://doi.org/10.1136/bmj-2023-075728
https://doi.org/10.1136/bmj-2023-075728
https://doi.org/10.1080/15438627.2017.1314295
https://doi.org/10.1080/15438627.2017.1314295
https://doi.org/10.1161/circulationaha.107.181485
https://doi.org/10.1161/circulationaha.107.181485
https://doi.org/10.1136/bmjusa.02120003
https://doi.org/10.1097/00042752-200405000-00002
https://doi.org/10.1097/00042752-200405000-00002
https://doi.org/10.1056/AI-S2400629
https://doi.org/10.1056/AI-S2400629
https://doi.org/10.1038/s41467-020-15432-4
https://doi.org/10.1136/bjsports-2016-096256
https://doi.org/10.1136/bjsports-2016-096256
https://doi.org/10.1136/jech-2021-216581
https://doi.org/10.1136/jech-2021-216581
https://doi.org/10.1093/europace/euac172
https://doi.org/10.1093/europace/euac172
https://doi.org/10.1136/bjsports-2020-102368
https://doi.org/10.1136/bjsports-2020-102368

1850 C. Joisten et al.

Authors and Affiliations

Christine Joisten'2® . Anja Hirschmiiller>>* . Pascal Bauer>® - Erika Baum’- - Meinolf Behrens®'° .
Susanne Berrisch-Rahmel®'" - Gregor Berrsche'?'3 . Anja Carlsohn?'* . Michael Cassel*'” - Justus DeZeuuw
Gesine Dorr'®'? . Michael Dreher'”?° . Frank Edelmann?'22 . Katrin Esefeld®?3 . Michael Freitag®?*-
Mathias Grebe'®% . Casper Grim?%?’ . Pia JanBen?8 . Rolf Kaiser?®° . Thomas Katlun?3' . Maximilian Képpe
Charlotte Kreutz? - Karsten Kriiger>** . Christoph Lutter'3> . Frank Mayer®3% . Othmar Moser'%3” . Andreas NieR%?3 .
Hans-Georg Predel3®3° . Stefan Peters33%° . Petra Platen?*' - Dorothea Portius**>*3 . Claus Reinsberger®** .

Nils Reiss*>*¢ . Kai Rocker**” - Thomas Schmidt3¥%% . Arno Schmidt-Trucksiss**® - Holger Schmitt®'2.

Thomas Schramm?*° . Christian Sturm®%3" . Hans Vater3%>2 . Alina Weise>3 - Burkhard Weisser*>>* . Gotz Welsch>>>5 .
Andreas Winkelmann®'%7 . Alfred Wirth*>>8 . Bernd Wolfarth??’-5° . Kithe Goossen>3

16,17 ,

3233

P4 Christine Joisten German Society for Angiology-Society for Vascular

c.joisten@dshs-koeln.de Medicine (DGA), Leipzig, Germany
< Anja Hirschmiiller 20 Department of Pneumology and Intensive Care Medicine,
anja.hirschmueller @altius.ag University Hospital RWTH Aachen, Aachen, Germany

2L Department of Internal Medicine and Cardiology, Campus

Virchow Hospital, Charité University Medicine Berlin,
Berlin, Germany

Institute of Movement and Neurosciences, German Sport
University Cologne, Am Sportpark Miingersdorf 6,
50933 Cologne, Germany

22 . . :
2 German Society of Sports Medicine and Prevention, gzﬁzﬁysomety for Internal Medicine (DGIM), Berlin,

Frankfurt am Main, Germany
23 Department of Prevention and Sports Medicine, University
Hospital Klinikum Rechts Der Isar, Technical University

of Munich, Munich, Germany

Altius Swiss Sportmed Center Rheinfelden,
Habich-Dietschy-Strasse 5a, 4310 Rheinfelden, Switzerland

* Department of Orthopedics and Trauma Surgery, Medical 24 Department of General Medicine, Department of Health
Center, Albert-Ludwigs-University of Freiburg, Freiburg, Services Research. Carl Von Oss{etzky University
Germany Oldenburg, Oldenburg, Germany

5 Department of Cardiology and Angiology, Justus Liebig 25

. K . Centre of Cardiac and Vascular Diseases, Marburg, Germany
University, Giessen, Germany

26 . . ] o . N
6 German Society for Cardiology-Cardiovascular Research IC{f)rsltrietaflorol\élrlll:glégliktéztri;?rgery Osnabriick, Osnabriick
(DGK), Diisseldorf, Germany pital, ’ Y
27 : :
7 Department of General Practice, University of Marburg, German Olymp ¢ Sports Confederation (DOSB),
Frankfurt am Main, Germany
Marburg, Germany
28 L var :
8 German Society for General Practice and Family Medicine ](?fe,??jggegfl 0{,35;“;1\422:;1;; University Hospital
(DEGAM), Frankfurt am Main, Germany gen, gen, y
29 . . .« . . .
. . . Clinic for Internal Medicine I, Cardiology, Angiology,
9
Diabetes Centre Minden, Minden, Germany Diabetology and Sports Medicine, Hanse and University City
10 German Diabetes Society (DDG), Working Group Diabetes, of Rostock, Rostock, Germany
Sport, and Exercise Germany, Berlin, Germany 30 German Disabled Sports Association and National
' KardioPro, Practice for Internal Medicine, Cardiology, Sports Paralympic Committee E.V. (DBS), Frechen, Germany
Medicine, and Sports Cardiology, Diisseldorf, Germany 31 Katlun Eye Clinic, Heidelberg, Germany
" Ceﬁnt‘re fo? Orthopaedi.cs and Sports Trauma Surgery, Atos 32 Working Group Oncological Sports and Exercise Therapy.
Clinic Heidelberg, Heidelberg, Germany National Centre for Tumour Diseases Heidelberg,
13 Society for Orthopaedic-Traumatological Sports Medicine Heidelberg, Germany
(GOTS), Jena, Germany 3 German Association for Health-Related Physical Activity
14" Department of Nutrition and Home Economics, University and Exercise Therapy (DVGS), Hiirth, Germany
of Applied Sciences Hamburg, Hamburg, Germany 4 Department of Exercise Physiology and Sports Therapy,
15" Faculty of Health Sciences, University of Potsdam, Institute of Sports Science, Giessen, Germany
Potsdam, Brandenburg, Germany 35 Department of Orthopaedics, Rostock University Medical
16 Healthy Heart MVZ in Cologne, Cologne, Germany Center, Rostock, Germany
17" German Society for Pneumology and Respiratory Medicine 36 University of Potsdam, Centre of Sports Medicine, University
(DGP), Berlin, Germany Outpatient Clinic, Potsdam, Germany

Alexianer St. Josefs Hospital Potsdam-Sanssouci, Potsdam,
Germany


http://orcid.org/0000-0002-2455-8901

Consensus-Based German Guideline on Sports Preparticipation Evaluation

1851

37

38

39

40

41

4

43

44

45

46

47

48

Exercise Physiology and Metabolism (Sports Medicine),
Bayreuth Centre of Sports Science, University of Bayreuth,
Bayreuth, Germany

German Sport University Cologne, Institute of Cardiology
and Sports Medicine, Cologne, Germany

German Hypertension League (DHL), Heidelberg, Germany

Department of Human Sciences, Institute of Sport Science,
Bundeswehr University Munich, Neubiberg, Germany

Department of Sports Medicine and Sports Nutrition, Faculty
of Sports Science, Ruhr University Bochum, Bochum,
Germany

Martin Luther University Halle-Wittenberg, Institute
of Agricultural and Nutritional Sciences, Halle, Germany

German Obesity Society (DAG), Berlin, Germany

Institute of Sports Medicine, Paderborn University,
Paderborn, Germany

Schiichtermann Clinic Bad Rothenfelde, Bad Rothenfelde,
Germany

German Society for Prevention and Rehabilitation
of Cardiovascular Diseases (DGPR), Potsdam, Germany

Institute for Applied Health Promotion and Exercise (IFAG),
Furtwangen University, Furtwangen, Germany

Sport and Exercise Medicine, Department of Sport, Exercise
and Health, University of Basel, Basel, Switzerland

49

50

51

52

53

54

55

56

57

58

59

Cardiology Rodenkirchen, Cologne, Germany

Department of Rehabilitation and Sports Medicine, Hannover
Medical School, Hannover, Germany

German Society for Physical and Rehabilitative Medicine
(DGPRM), Munich, Germany

Prof Vater & Colleagues, Bad Wildungen, Germany

Witten/Herdecke University, Institute for Research
in Operative Medicine IFOM), Cologne, Germany

Institute for Sports Science, Christian-Albrechts-University
Kiel, Kiel, Germany

Athleticum, Department of Sports Medicine and Department
of Trauma and Orthopedic Surgery at University Medical
Center Hamburg-Eppendorf (UKE), Hamburg, Germany

German Society for Orthopaedics and Trauma Surgery
(DGOU), Berlin, Germany

Department of Orthopaedics and Trauma Surgery,
Musculoskeletal University Center Munich (MUM), LMU
University Hospital, LMU Munich, Munich, Germany

Teutoburger Wald Clinic, Bad Rothenfelde, Germany

Department of Sports Medicine, Humboldt University
and Charité University School of Medicine, Berlin, Germany



	Sports Preparticipation Evaluation for Healthy Adults: A Consensus-Based German Guideline
	Abstract
	1 Introduction
	2 Methods
	2.1 Guideline Classification
	2.2 Stakeholder Involvement
	2.3 Management of Competing Interests
	2.4 Systematic Review of Existing Guidelines and Recommendations
	2.5 Guideline Questions
	2.6 Evidence Base
	2.7 Development of the Recommendations
	2.8 Strength of the Recommendations
	2.9 Consensus Procedure
	2.10 Peer Review
	2.11 Overall Approval and Updating
	2.12 Editorial Independence

	3 Recommendations
	3.1 Population and General Advice
	3.1.1 Recommendation 1
	3.1.2 Recommendation 2
	3.1.3 Recommendation 3
	3.1.4 Recommendation 4
	3.1.5 Recommendation 5
	3.1.6 Recommendation 6

	3.2 Algorithm for the PPE
	3.3 Medical History and Physical Examination
	3.3.1 Recommendation 7
	3.3.2 Recommendation 8
	3.3.3 Recommendation 9
	3.3.4 Recommendation 10
	3.3.5 Recommendation 11
	3.3.6 Recommendation 12

	3.4 Further Examinations
	3.4.1 Laboratory Tests
	3.4.1.1 Recommendation 13 

	3.4.2 Cardiovascular Examinations
	3.4.2.1 Recommendation 14 
	3.4.2.2 Recommendation 15 
	3.4.2.3 Recommendation 16 

	3.4.3 Determination of Physical Fitness
	3.4.3.1 Recommendation 17 
	3.4.3.2 Recommendation 18 


	3.5 Additional Aspects
	3.5.1 Recommendation 19
	3.5.2 Recommendation 20


	4 Discussion
	4.1 Strengths and Limitations
	4.2 Recommendations for Future Research

	5 Conclusions
	Acknowledgements 
	References




