Pre-Marathon Evaluations: Is there a role for runner pre-race medical screening
and education to reduce the risk of medical complications?
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Abstract

There is irrefutable evidence that regular participation in physical activity has substantial
health benefits, and as such participation in mass community-based sports events should
be supported. However, with the promotion of physical activity comes the potential risk
of medical complications during an acute exercise session, with this risk varying
according to the risk factor profile of an individual and the nature of the event. The
demographics of marathon race entrants changed over the past 2-3 decades, and currently
about 50% of runners are older than 40 years. A consolidated view of previously
published research shows that in a marathon with a field of 50 000 runners for example,
the medical staff will, on average, encounter a sudden death every 2-3 years, a sudden

cardiac arrest every year, 25 runners that present with a serious medical complication
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requiring specialized management or hospitalization, and 1000 runners that require

medical attention.

Runners may have several intrinsic risk factors that can predispose them to serious acute
cardiovascular or other serious non-cardiac medical complications on race day. This
intrinsic risk can be exacerbated by several extrinsic risk factors as well. As healthcare
professionals we are obliged to give the best medical advice to individuals who wish to
participate in moderate- and high-intensity endurance activities, and at the same time
reduce their risk of a medical complication during exercise. Preliminary data indicate that
an online pre-race medical screening and targeted educational intervention program can
be successfully implemented and is effective in reducing the risk of acute medical

complications during a race.

Introduction — health benefits of regular exercise

There is irrefutable evidence that regular participation in physical activity has substantial
and wide-ranging health benefits, and therefore regular physical activity is an important
lifestyle component in the prevention and management of non-communicable diseases
(NCDs). (1-5) Specifically, regular moderate- to vigorous physical activity is associated
with a reduction in all cause premature mortality, cardiovascular mortality and morbidity,
stroke, various cancers, metabolic disease, including diabetes mellitus, and chronic

diseases in a number of other organ systems (1, 2, 6).

Very strong evidence that a weekly healthy “dose” of exercise for most individuals is 150
minutes of moderate to vigorous physical activity (6) and this is now universally
recommended by influential international organizations including the World Health
Organization (WHO) (7), European Association on Cardiovascular Prevention and
Rehabilitation (EACPR) (8), American College of Sports Medicine (ACSM) and
American Heart Association (AHA)(3) and others such as the Centers for Disease
Control and Prevention (CDC) in the USA
(https://www.cdc.gov/physicalactivity/basics/adults/ - accessed on 1 March 2017).
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Recreational brisk walking, jogging, distance running, cycling and swimming as forms of

regular physical activity are frequently recommended and routinely prescribed.

Marathon running - increased popularity and growth worldwide

Given the public awareness and focus on regular exercise as an important component of a
healthy lifestyle, it is not surprising that participation in mass community-based sports
events such as distance running events has, over the last 2-3 decades, resulted in
substantial growth in participant numbers (9). More specifically, annual reports from

Running USA (http://www.runningusa.org/annual-reports - accessed on 1 March 2017)

show an increase of > 12 fold in overall participation in marathon runners since 1976,
with a notable increase in participation in the older age groups (> 40 years). In 2015, 49%
of all runners completing marathons in the USA were master (>40 years old) athletes

(http://www.runningusa.org/annual-reports). Apart from age, the gender composition of

race finishers has also changed dramatically, from 10% female finishers in 1980, to 44%

of race finishers being female in 2015 (http://www.runningusa.org/annual-reports).

Participation rates in other distance running events, including park runs, 5km and 10km
races, the half-marathon (21.1km), the standard marathon (42.2km), and ultra-marathons
have also increased. Therefore, currently more individuals participate in mass
community-based sports events such as distance running (marathons), and the

demographics of the marathon participant shifted to older runners and female runners (9).

The exercise benefit-risk paradox

Although moderate- to high-intensity regular physical activity, including distance
running, is widely recommended (6), there is also equally strong evidence that moderate-
to high-intensity exercise acutely, and transiently, increases the risk of a range of acute
medical complications (10, 11), including acute myocardial infarction and sudden cardiac
death (12-16).

Therefore, the first exercise benefit-risk paradox is that although regular moderate-to
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high-intensity physical activity is both associated with substantial long-term health
benefits, there are also potential negative health consequences during an acute exercise
session (12-16). Recently there has also been a growing awareness and interest in the
potential deleterious effects of chronic endurance exercise, particularly on the
cardiovascular system. A detailed discussion of these potential long-term deleterious
effects of endurance exercise is beyond the scope of this manuscript, but has recently
been reviewed (13, 17).

A second, observation is that the greatest health benefits of regular exercise are
frequently observed in two groups: 1) sedentary individuals that transition to becoming
physically active, and 2) patients with known chronic disease (18). However, sedentary
individuals that become active (9, 14, 19, 20) as well as patients with risk factors for, or
known chronic disease (12, 21) also have a higher risk of potential acute adverse events
during an exercise session. Therefore, a second benefit-risk paradox is that two groups of
individuals, who will benefit from regular physical activity the most, also have the
highest the risk of an acute medical complication during an exercise session.

These paradoxical observations need to be placed in perspective. Data from > 30 meta-
analyses unequivocally support the recommendation that, from a population perspective,
the participation in regular physical activity in these two groups of individuals still far
outweighs the potential negative health consequences of an acute exercise session (13,
14, 20) (12, 19).

However, this does not imply that the risk during an acute exercise session should be
ignored. We need to make every effort to ensure that an increased risk of an acute
medical complication during an exercise session is reduced. Therefore, as much as we as
health professionals must lead the drive to promote regular moderate-to high-intensity
physical activity, including participation of our patients in mass community-based sports
events such as distance running events, the safety of our patients is also our
responsibility. We are obliged to give the best medical advice to individuals who wish to

participate in moderate- and high-intensity endurance exercise, and at the same time



reduce their risk of a medical complication during an exercise session. In the context of
distance running events, there is also a responsibility of race medical directors to reduce
the risk of medical complications at these mass community-based sports events. In this
manuscript | would like to suggest three steps are important to reduce this risk: 1)
quantify the risk of acute medical complications during exercise, 2) identify causes, risk
factors and “at-risk” individuals for medical complications, and 3) design and implement

measures to reduce the risk of acute medical complications during an exercise session.

Quantifying the risk of acute medical complications during exercise

The risk of physical exercise as a trigger of acute cardiovascular events has been
reviewed extensively for both younger and older athletic populations (12, 16, 22-24) (25)
(9) (26)(27). There is a wide range in the relative risk of an acute cardiovascular event
during an exercise session, compared with sedentary activity, and this can vary from 2
times in young athletes (16) to as much as 56 times in older individuals who are at risk
for cardiovascular disease or who have existing cardiovascular disease (12, 16, 21).
However, the absolute risk of acute cardiovascular events during an exercise session is
consistently reported as being very low (1 in 50 000 to 1 in 200 000 annually) (16, 20)
(14) (13) (12, 19).

The risk of sudden death during distance running events such as the half-marathon
(21km) and the marathon (42km) is also well described (28) (29) (22) (30) (31) (32) (33)
(16) (11). However, these data also show a considerable variation in the reported absolute
risk of sudden death during marathons and similar races (between 1 in 30 000 to 1 in 250
000 race entrants)(Table 1), but generally this risk is 1 in 114 000 race entrants
(calculated cumulative risk) (16) and therefore also reported as being very low. To date,
there has been little attention to reduce this risk in marathon runners by prevention
programs, probably because of the reported low absolute risk and the societal perspective
that deaths at marathons are less of a public health threat (16). To date, most race
organizers and medical staff focus on providing acute care to deal with acute

cardiovascular events on race day.



However, sudden death during marathon running is only the “tip of the iceberg”, where
the iceberg represents the risk of all medical complications during marathon running,
including sudden cardiac arrest (including non-fatal cardiac arrest) and other serious
medical complications. In Table 1, the absolute risk of medical complications during
distance running by severity (sudden death, sudden cardiac arrest, serious medical
complications, and any medical complication) is summarized from studies where this has
been documented. The first observation from these data is that the absolute risk of sudden
cardiac arrest is generally about 1 in 50 000 race entrants (ranging from 1 in 21 000 to 1
in 200 000). In comparison to sudden death, the risk of sudden cardiac arrest during a

marathon race is 2-3 times higher (16).

The second observation from the data in Table 1 is that there is a risk of other cardiac
(not resulting in cardiac arrest or death) and serious non-cardiac medical complications
during marathon running. Most race medical directors of larger races are well aware of
the risk of these serious (life threatening) medical complications presenting on race day.
Whilst there is no consensus on the precise definition of a “serious life threatening”
medical complication on race day, there are data on the incidence of runners that require
transfer for further investigation and/or management to hospitals or similar facilities
(Medical Transfer Rate - MTR) (34). The absolute risk of a serious medical complication,
using this definition, also varies but is about 1 in 2000 race entrants (varies between 1 in
645 to 1 in 6000 race entrants)(Table 1). Therefore, in comparison to sudden death the
relative risk of a serious medical complication at a distance running event, such as the

marathon 50-100 times higher than sudden death.

The final observation from Table 1 is the risk of any medical complication during a
marathon race. This is generally defined as the number of athletes that are assessed and
treated by the on-site medical team (Patient Presentation Rate - PPR) (34). The absolute
risk of any medical complication during a marathon race also varies between 1 in 22 to 1

in 121 entrants, but generally is about 1 in 50 runners.



Table 1: The absolute risk of medical complications during distance running by
severity (sudden death, sudden cardiac arrest, serious medical complications, any
medical complication) - rates are expressed per 100 000 race entrants and number

of entrants per single incident

Severity of Absolute Absolute risk
medical risk (per (number of race
complications 100 000 entrants per 1
race incident)
entrants)

Sudden cardiac death | US Marathons (1976-1994) (35) 1.8 55 556

(SCD) US Marathons (1995-2004) (36) 0.5 200 000
US marathons (1976-2009) (29) 0.58 171 005
UK marathons (1981-2006) (37) 15 66 667
RACER registry - US marathons and half- 0.4 250 000
marathons (2000-2010) (31)
Two Oceans races (SA)(2008-2011) (11) 3.4 29412
French marathons and half marathons 0.4 250 000
(RACE)(2006-2012) (38)
Tel Aviv races (2007-2013) (39) 14 69 000

Sudden cardiac arrest | US Marathons (1976-1994) (35) 2.3 43 478

(SCA) US Marathons (1995-2004) (36) 1.8 55 556
US marathons (1976-2009) (29) 1.75 57 002
Two popular US marathons (1982-2009) (28) 2.6 38 461
UK marathons (1981-2006) (37) 25 40 000
RACER registry - US marathons and half- 0.5 200 000
marathons (2000-2010) (31)
Two Oceans races (SA)(2008-2011) (11) 4.6 21739
French marathons and half marathons 1.8 55556
(RACE)(2006-2012) (38)

Serious medical Vancouver International Marathon (2006- 53 1887

condition * 2011) (34)
Baltimore Marathon (2002-2005) (34) 47 2128
Baltimore Marathon (2001) (34) 155 645
Twin Cities Marathon (1983-1994) (34) 35 2857
Two Oceans races (SA)(2008-2011) (11) 56 1786
Tel Aviv races (2007-2013) (39) 16.7 5988

Any medical Vancouver International Marathon (2006- 4449 22

condition ** 2011) (34)




Baltimore Marathon (2002-2005) (34) 3395 29
Baltimore Marathon (2001) (34) 2282 44
Twin Cities Marathon (1983-1994) (34) 1908 52
Two Oceans races (SA)(2008-2011) (11) 827 121

*: Variable definitions: Generally the Number of patients transferred by any means by the medical team for further investigation
and/or management (Medical Transfer Rate - MTR) (34)

;’I;:R\)/agz;ole definition: Generally the number of athletes that are attended to on site by the medical team (Patient Presentation Rate -
The clinical relevance of these data are that in a marathon with a large field of 50 000
runners, the medical staff will, on average, encounter a sudden death every 2-3 years, a
sudden cardiac arrest every year, 25 runners that present with a serious medical
complication requiring specialized management or hospitalization, and 1000 runners that
require medical attention. This risk continuum is an important consideration to determine
the relative severity of complications and the need for screening to reduce the risk (Figure

1).
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Figure 1: Risk of Medical Complications, Severity and Screening Continuum ~ Estimated absolute risk (per
100 000 race entrants) of medical complications in distance running events (summary from Table 1)

This risk continuum is an important consideration in planning medical coverage at large
mass community based sports events. Providing this coverage is a considerable
undertaking and requires careful planning long in advance of the event, recruitment of a
large team of specialized medical staff (34), the establishment of considerable
infrastructure, and securing sophisticated equipment at race medical facilities to ensure

race safety. Many factors such as environmental conditions on race day, the course and



race distance and the “risk” demographics of the running population (runner experience,
runner education, and runners with risk factors for acute medical complications during
exercise) may influence the incidence of these complications at a specific race (34).
Finally, although | am not aware of any reports detailing this, the provision of medical
care at these races also translates to considerable cost to race organizers and event

managers.

Causes, risk factors and “at risk” individuals for medical complications during

marathon running

The second consideration in reducing the risk of medical complications is identifying
causes, risk factors and “at-risk” individuals for medical complications. A detailed
discussion of the causes of cardiac and non-cardiac medical complications during
exercise is beyond the scope of this manuscript. The most common causes of sudden
cardiac arrest/death are well documented for both younger and older (> 35 years) athletes
(40) (15) (26). The distance running population demographics changed over the past 2-3
decades, with almost 50% of current marathon entrants being older than 40 years. A
recent survey among Masters athletes (mean age 50 + 9 years) showed that 10% of these
athletes have existing cardiovascular disease, and 64% have at least one risk factor for
cardiovascular disease (41). Therefore, it is not surprising that most common cause of
sudden death or cardiac arrest in older marathon runners is coronary artery disease. There
is good evidence that the risk of an acute cardiovascular complication during an exercise

session is related to specific risk factors (Table 2).
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Table 2: Risk factors associated with an increased relative risk of acute
cardiovascular complications during moderate- to high-intensity exercise

Risk factor

Sub-category with increased relative risk

Sex (9, 14, 19)

Males

Age (9, 14)

Older age (> 35 years)

Habitual exercise status (9, 14, 19, 20, 34)

Sedentary (no exercise sessions per week)(novice runner)

Exercise duration (34)

Unaccustomed prolonged exercise

Exercise intensity (20)

Unaccustomed high-intensity exercise (> 80% maximum
capacity)

Underlying chronic disease (known or
unknown)(9, 14, 20)

Cardiovascular disease, metabolic disease including diabetes

mellitus, renal disease, other chronic disease

Presence of risk factors for chronic disease (9)

Family history of premature CVD, dyslipidemia, increased BMI,
smoking status, hypertension

Symptoms of cardiovascular disease (14, 20, 42)

Chest pain including discomfort in the chest, neck, jaw, arms or
other areas, shortness of breath at rest or with mild exertion,
dizziness or syncope, orthopnea or paroxysmal nocturnal
dyspnea, ankle edema, palpitations or tachycardia, intermittent
claudication, know heart murmur, unusual fatigue or shortness

of breath with usual activities

Acute illness and inflammation (43) (23)

Inflammation and increased risk of plaque rupture
Infective illness associated with myo-pericarditis
Infective illness associated with exertional heatstroke

Infective illness associated with exertional rhabdomyolysis

Drugs and medication use (44-46)

Arrhythmogenic drugs (including performance enhancing drugs,
social drugs, prescribed medication)

Drugs associated with rhabdomyolysis

Drugs increasing the risk of severe electrolyte abnormalities
resulting in arrhythmias (e.g. hyponatremia, hypokalemia)

Education (34)

Poor runner education

However, it is important to point out that there are other causes of sudden death and

serious medical complications during marathon running that are not related to coronary

artery disease. These causes include, but are not limited to severe fluid and electrolyte

abnormalities (mainly hyponatraemia), acute renal failure, and exertional heat stroke. The

risk factors for these other non-cardiac causes (Table 3) should also be considered in an

intervention strategy to reduce the risk of acute medical complications during exercise.




Table 3: Risk factors associated with an increased relative risk of other serious
medical complications during moderate- to high-intensity exercise

11

Medical complication

Risk factors

Hyponatremia (47-49)

Overdrinking (water, sports drinks and other hypotonic
beverages)

Exercise duration >4 hours

Event inexperience or inadequate training

Slow running or performance pace

High or low body mass index

Readily available fluids

Drugs and medication

Skeletal muscle damage (rhabdomyolysis)

Acute kidney injury and renal failure (50-53)

Underlying chronic renal disease

Renal hypouricemia,

Sickle cell disease

Latent myopathy

Rhabomyolysis

Acute illness (viral, bacterial)

Drugs and medication (NSAIDs, analgesics)

Dehydration

Exertional heatstroke (54-58)

History of heatstroke

Fever

Acute infective illness (upper respiratory, gastrointestinal)
Diarrhea, vomiting

Sweat gland dysfunction

Sunburn

Dehydration

Medications (diuretics, anti-depressants)
Sleep loss

Advanced age

Excessive alcohol use

Lack of heat acclimatization

Sedentary lifestyle (low physical fitness)
Overweight/obesity

Cardiovascular dysfunction

Hypokalemia
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In summary, runners may have several intrinsic risk factors that can predispose them to
serious acute cardiovascular (Table 2) or other serious non-cardiac medical complications
(Table 3) on race day. It is important to note that some of these risk factors are transient
such as acute illness or medication use on race day. Finally, the risk of a medical
complication on race day in the “at risk” runner is also influenced by other extrinsic
factors such as exposure to adverse environmental conditions (heat and humidity,

altitude, pollution), the race distance, and course characteristics.

Measures to reduce the risk of acute medical complications during marathon

running — is there a role for pre-race medical screening and targeted education?

International guidelines to reduce the risk of acute cardiovascular risk during exercise
have been developed and implemented. To date, many sports federations (15, 59) and
international bodies including the International Olympic Committee (I0C) (60) and the
International Paralympic Committee (IPC) either mandate or recommend pre-
participation screening (15). However, currently these screening programs focus mostly
on screening younger elite athletes (26, 61, 62), and concentrate almost exclusively on

pre-participation cardiac screening (including a resting ECG) to reduce the risk of acute

cardiovascular complications. We are not aware of any pre-screening programs that also
target other non-cardiac risk factors for serious life-threatening medical complications.

The concept of pre-exercise screening for the older (masters) and leisure (recreational,
amateur) athlete has not received the same attention (63). This is rather surprising as the
incidence of acute medical complications, including acute cardiovascular events, is
significantly higher in the older exercising population than in younger elite athletes (64).
In Canada, the Physical Activity Readiness Questionnaire (PAR-Q+) and the Physical
Activity Readiness Medical Examination (ePARMed-X+) were developed as primary
front-line pre-participation tools for physical activity (65), and are based on a systematic
review of evidence (66) (67). Similarly, the American Heart Association (AHA) (68) and
the American College of Sports Medicine (ACSM) (20) have recommendations for pre-

participation screening. The European Society of Cardiology together with the European
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Association of Cardiovascular Prevention and Rehabilitation (69) specifically developed
recommendations, by consensus, for the pre-participation screening of masters and
leisure athletes. These recommendations include the pre-participation screening of both
novice and already active middle-aged/senior individuals prior to engaging in sports
activities of moderate to high intensity (42) and were developed to “provide a pragmatic
and practical approach to identifying high-risk individuals to minimize the risk of sudden
cardiac death (SCD)”.

The first step in the recommended screening process is a “self-assessment of risk”, and
this is based on the American Heart Association (AHA)/American College of Sports
Medicine (ACSM) pre-participation screening questionnaire for individuals at
Health/Fitness facilities (70) and the PAR-Q (42). The European guidelines recommend
that this initial “self-assessment of risk” can be conducted by the individual and consists
of health information related to: a) any history of known cardiovascular disease,
cardiovascular symptoms, medication use, and other health issues (section 1), and b)
known risk factors for cardiovascular disease including male gender, older age,
hypertension, smoking, hypercholesterolemia, diabetes or hyperglycemia, and obesity
(section 2). Based on the responses to questions in section 1 (any one positive response to
a question) and section 2 (presence of >2 risk factors), it is then recommended that
individuals undergo a thorough medical assessment by a qualified physician before

participating in moderate- to high-intensity exercise, such as distance running (42).

However, despite these recommendations for pre-participation screening, we are not
aware of any International Sports Federations, sports organizations or event managers or
mass community-based endurance sports events that routinely mandate or recommend a
pre-participation process for entrants, based on these international guidelines. We are
aware of only one study to date, where the ESC/EACPR screening guidelines have been
applied to adult participants > 40 years of age, who participated in the National Health
and Nutrition Examination Survey (2001 to 2004) (71). Based on “self assessment of
risk”, approximately 95% of women and 93.5% were advised to consult a physician

before embarking on exercise (20). In two other studies, full pre-participation screening
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incorporating medical histories, physical examination and special investigations
(electrocardiography, echocardiography and blood tests) effectively identified middle-
aged athletes with risk factors of cardiovascular disease (CVD) (64) (72). However,
neither study identified the links between the “risk self assessment” and the outcome of
the full screening. Although ideal, full screening of every leisure athlete older than 45
years who participate in large community events would not be cost-effective or

logistically feasible.

In 2008, we initiated a series of studies that formed the basis of a long-term strategy to
reduce the risk of an adverse medical event in endurance exercisers: the SAFER
(Strategies to reduce Adverse medical events For the ExerciseR) studies (73) (11) (74)
(75). In the first studies that we conducted at the Two Oceans Marathon races in South
Africa in the time period from 2008 to 2011, we recorded a very high incidence of
sudden death of 1 in 20 000 in the 21km race entrants (11) and also showed a high
incidence (1 in 1786 all entrants) of other serious medical complications in these runners.
These high rates of medical complications and deaths in runners, particularly 21km
runners were of great concern, and we identified the need to plan strategies to prevent

deaths and serious medical complications in these races (SAFER studies) (73).

In the first of these follow-up SAFER studies, an online “self assessment screening” and
runner targeted educational intervention (based on risk and risk profile) system was
designed and implemented in 2012. The “self assessment screening” questionnaire was
based, in part, on the PAR-Q+, the American Heart Association (AHA) (68), and the
European Society of Cardiology together with the European Association of
Cardiovascular Prevention and Rehabilitation (69) pre-participation screening
recommendations. In addition, we included screening questions to identify other risk
factors associated with serious non-cardiac medical complications (Table 3), and also
conducted two studies focusing on acute illness screening and education in the few days
before the races (76) (77). Novel algorithms were developed for a risk stratification

process and these were applied, in an automated fashion, following the screening process.
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This was followed by a targeted educational intervention in the form of an email
notification of participants in the high and intermediate risk categories. Race entrants
were given advice on the risks of a medical complication, practical advice to reduce this
risk during training and competitions, and a recommendation to consult with their doctor
to obtain clearance for safe participation in the event (as per the international guidelines).
The main aim of the general educational component was to inform runners about the risks

of medical complications during running as listed in Tables 2 and 3.

In the period 2012 to 2015, we undertook a series of follow-up SAFER studies to explore
the effect of the online pre-participation screening and educational intervention program.
The preliminary data from this study were presented recently, and show the incidence of
any medical complication during the race was reduced by 29%, and the incidence of
serious life-threatening medical complication during the race was reduced by 64% (78).
These data show that an online “self assessment of risk” screening program with a
targeted educational program can be implemented successfully in a pre-race setting for
large community based events, and that such a program can result in substantial

reductions in medical complications, specifically serious medical complications.

Summary and future perspectives

The health benefits of regular physical activity (150 min per week, moderate- to high-
intensity) are undisputed and should be recommended for all. Participation in large
community-based sports events must be encouraged and supported. However, the same
“dose” of the exercise “medicine” is also associated with a higher risk of triggering acute
medical complications (including sudden death) during the exercise session such as a
marathon race, and this risk varies according to the risk factor profile of an individual and
extrinsic factors such as environmental conditions. Although the concept of pre-exercise
screening to reduce the risk of acute medical complications is widely debated, it is
generally supported. Currently pre-participation screening is mandated or supported but
mostly to younger elite athletes, who are in fact at lower risk for cardiovascular

complications during exercise than older leisure athletes.
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We argue that pre-exercise screening is at least as important, if not more important, in the
older leisure athlete. Preliminary data show that an online pre-race screening and targeted
educational intervention program can be successfully implemented and is effective in

reducing the risk of acute medical complications during a race.

Further studies are suggested to 1) determine the effects of implementing such a program
in other race populations and settings, 2) determine if the application of current screening
guidelines actually predict medical complications (risk) and so that current guidelines can
be refined, 3) consider a centralized annual self-screening process (participation passport)
to avoid a repetitive process for runners that race regularly (weekly or monthly), 4)
determine the ethical and legal issues resulting from screening (or not screening), and 4)
determine the cost-benefit of the reduction in complications for health care providers on

race days.

References

1. Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise as therapy in 26
different chronic diseases. Scand J Med Sci Sports. 2015;25 Suppl 3:1-72.

2. Warburton DE, Charlesworth S, Ivey A, Nettlefold L, Bredin SS. A systematic review of the
evidence for Canada's Physical Activity Guidelines for Adults. Int J Behav Nutr Phys Act.
2010;7:39.

3. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical activity and

public health: updated recommendation for adults from the American College of Sports Medicine
and the American Heart Association. Circulation. 2007;116(9):1081-93.

4. Khan KM, Thompson AM, Blair SN, Sallis JF, Powell KE, Bull FC, et al. Sport and exercise as
contributors to the health of nations. Lancet. 2012;380(9836):59-64.

5. Kohl HW, 3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, et al. The pandemic
of physical inactivity: global action for public health. Lancet. 2012;380(9838):294-305.

6. Warburton DE, Bredin SS. Reflections on Physical Activity and Health: What Should We
Recommend? Can J Cardiol. 2016;32(4):495-504.

7. Organization WH. Global Recommendations on Physical Activity for Health. Geneva World
Health Organization. 2010.

8. Vanhees L, De Sutter J, Gelada SN, Doyle F, Prescott E, Cornelissen V, et al. Importance of

characteristics and modalities of physical activity and exercise in defining the benefits to
cardiovascular health within the general population: recommendations from the EACPR (Part I).
Eur J Prev Cardiol. 2012;19(4):670-86.

9. Chugh SS, Weiss JB. Sudden cardiac death in the older athlete. J Am Coll Cardiol.
2015;65(5):493-502.
10. Sanchez LD, Corwell B, Berkoff D. Medical problems of marathon runners. Am J EmergMed.

2006;24(5):608-15.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

17

Schwabe K, Schwellnus M, Derman W, Swanevelder S, Jordaan E. Medical complications and
deaths in 21 and 56 km road race runners: a 4-year prospective study in 65 865 runners--SAFER
study I. Br J Sports Med. 2014;48(11):912-8.

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 Cardiology. Circulation. 2007;115(17):2358-68.

Eijsvogels TM, Molossi S, Lee DC, Emery MS, Thompson PD. Exercise at the Extremes: The
Amount of Exercise to Reduce Cardiovascular Events. J Am Coll Cardiol. 2016;67(3):316-29.
Goodman JM, Burr JF, Banks L, Thomas SG. The Acute Risks of Exercise in Apparently Healthy
Adults and Relevance for Prevention of Cardiovascular Events. Can J Cardiol. 2016;32(4):523-32.
Mont L, Pelliccia A, Sharma S, Biffi A, Borjesson M, Brugada Terradellas J, et al. Pre-
participation cardiovascular evaluation 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.

Day SM, Thompson PD. Cardiac risks associated with marathon running. Sports Health.
2010;2(4):301-6.

Parto P, O'Keefe JH, Lavie CJ. The Exercise Rehabilitation Paradox: Less May Be More? Ochsner
J. 2016;16(3):297-303.

Hoffmann TC, Maher CG, Briffa T, Sherrington C, Bennell K, Alison J, et al. Prescribing exercise
interventions for patients with chronic conditions. Cmaj. 2016;188(7):510-8.

Sanchis-Gomar F, Santos-Lozano A, Garatachea N, Pareja-Galeano H, Fiuza-Luces C, Joyner MJ,
et al. My patient wants to perform strenuous endurance exercise. What's the right advice? Int J
Cardiol. 2015;197:248-53.

Riebe D, Franklin BA, Thompson PD, Garber CE, Whitfield GP, Magal M, et al. Updating
ACSM's Recommendations for Exercise Preparticipation Health Screening. Med Sci Sports Exerc.
2015;47(11):2473-9.

Siscovick DS, Weiss NS, Fletcher RH, Schoenbach VJ, Wagner EH. Habitual vigorous exercise
and primary cardiac arrest: effect of other risk factors on the relationship. J Chronic Dis.
1984;37(8):625-31.

Siegel AJ. Pheidippides redux: reducing risk for acute cardiac events during marathon running.
The American journal of medicine. 2012;125(7):630-5.

Harmon KG, Asif IM, Maleszewski JJ, Owens DS, Prutkin JM, Salerno JC, et al. Incidence and
Etiology of Sudden Cardiac Arrest and Death in High School Athletes in the United States. Mayo
Clin Proc. 2016;91(11):1493-502.

Harmon KG, Asif IM, Maleszewski JJ, Owens DS, Prutkin JM, Salerno JC, et al. Incidence,
Cause, and Comparative Frequency of Sudden Cardiac Death in National Collegiate Athletic
Association Athletes: A Decade in Review. Circulation. 2015;132(1):10-9.

Harmon KG, Drezner JA, Wilson MG, Sharma S. Incidence of sudden cardiac death in athletes: a
state-of-the-art review. Br J Sports Med. 2014;48(15):1185-92.

Drezner JA, O'Connor FG, Harmon KG, Fields KB, Asplund CA, Asif IM, et al. AMSSM
Position Statement on Cardiovascular Preparticipation Screening in Athletes: current evidence,
knowledge gaps, recommendations and future directions. Clin J Sport Med. 2016;26(5):347-61.
Lawless CE, Asplund C, Asif IM, Courson R, Emery MS, Fuisz A, et al. Protecting the heart of
the American athlete: proceedings of the American College of Cardiology Sports and Exercise
Cardiology Think Tank October 18, 2012, Washington, DC. J Am Coll Cardiol.
2014;64(20):2146-71.

Roberts WO, Roberts DM, Lunos S. Marathon related cardiac arrest risk differences in men and
women. British journal of sports medicine. 2013;47(3):168-71.

Webner D, DuPrey KM, Drezner JA, Cronholm P, Roberts WO. Sudden cardiac arrest and death
in United States marathons. Medicine and Science in Sports and Exercise. 2012;44(10):1843-5.
Mathews SC, Narotsky DL, Bernholt DL, Vogt M, Hsieh YH, Pronovost PJ, et al. Mortality
among marathon runners in the United States, 2000-2009. The American Journal of Sports
Medicine. 2012;40(7):1495-500.

Kim JH, Malhotra R, Chiampas G, d'Hemecourt P, Troyanos C, Cianca J, et al. Cardiac arrest
during long-distance running races. N Engl J Med. 2012;366(2):130-40.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

18

Cohen SI, Ellis ER. Death and near death from cardiac arrest during the Boston Marathon. Pacing
Clin Electrophysiol. 2012;35(2):241-4.

Finn SE, Coviello J. Myocardial infarction & sudden death in recreational master marathon
runners. Nurse Pract. 2011;36(2):48-53.

Turris SA, Lund A, Mui J, Wang P, Lewis K, Gutman SJ. An organized medical response for the
Vancouver International Marathon (2006-2011): when the rubber hits the road. Curr Sports Med
Rep. 2014;13(3):147-54.

Maron BJ, Poliac LC, Roberts WO. Risk for sudden cardiac death associated with marathon
running. J Am Coll Cardiol. 1996;28(2):428-31.

Roberts WO, Maron, B.J. Evidence for Decreasing Occurrence of Sudden Cardiac Death
Assocaited With the Marathon. J Am Coll Cardiol. 2005;46(7):1373-4.

Tunstall Pedoe DS. Marathon cardiac deaths : the london experience. Sports Med. 2007;37(4-
5):448-50.

Gerardin B, Collet JP, Mustafic H, Bellemain-Appaix A, Benamer H, Monsegu J, et al. Registry
on acute cardiovascular events during endurance running races: the prospective RACE Paris
registry. Eur Heart J. 2016;37(32):2531-41.

Yankelson L, Sadeh B, Gershovitz L, Werthein J, Heller K, Halpern P, et al. Life-threatening
events during endurance sports: is heat stroke more prevalent than arrhythmic death? J Am Coll
Cardiol. 2014;64(5):463-9.

Finocchiaro G, Papadakis M, Robertus JL, Dhutia H, Steriotis AK, Tome M, et al. Etiology of
Sudden Death in Sports: Insights From a United Kingdom Regional Registry. J Am Coll Cardiol.
2016;67(18):2108-15.

Shapero K, Deluca J, Contursi M, Wasfy M, Weiner RB, Lewis GD, et al. Cardiovascular Risk
and Disease Among Masters Endurance Athletes: Insights from the Boston MASTER (Masters
Athletes Survey To Evaluate Risk) Initiative. Sports Med Open. 2016;2(1):29.

Borjesson M, Urhausen A, Kouidi E, Dugmore D, Sharma S, Halle M, et al. Cardiovascular
evaluation of middle-aged/ senior individuals engaged in leisure-time sport activities: position
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.

Dick NA, Diehl JJ. Febrile illness in the athlete. Sports Health. 2014;6(3):225-31.

Deligiannis A, Bjornstad H, Carre F, Heidbuchel H, Kouidi E, Panhuyzen-Goedkoop NM, et al.
ESC study group of sports cardiology position paper on adverse cardiovascular effects of doping
in athletes. Eur J Cardiovasc Prev Rehabil. 2006;13(5):687-94.

Hoogsteen J, Bennekers JH, van der Wall EE, van Hemel NM, Wilde AA, Crijns HJ, et al.
Recommendations and cardiological evaluation of athletes with arrhythmias: Part 1. Neth Heart J.
2004;12(4):157-64.

Fragakis N, Vicedomini G, Pappone C. Endurance Sport Activity and Risk of Atrial Fibrillation -
Epidemiology, Proposed Mechanisms and Management. Arrhythm Electrophysiol Rev.
2014;3(1):15-9.

Hew-Butler T, Rosner MH, Fowkes-Godek S, Dugas JP, Hoffman MD, Lewis DP, et al. Statement
of the 3rd International Exercise-Associated Hyponatremia Consensus Development Conference,
Carlsbad, California, 2015. Br J Sports Med. 2015;49(22):1432-46.

Chlibkova D, Knechtle B, Rosemann T, Tomaskova I, Novotny J, Zakovska A, et al.
Rhabdomyolysis and exercise-associated hyponatremia in ultra-bikers and ultra-runners. J Int Soc
Sports Nutr. 2015;12:29.

Urso C, Brucculeri S, Caimi G. Physiopathological, Epidemiological, Clinical and Therapeutic
Aspects of Exercise-Associated Hyponatremia. J Clin Med. 2014;3(4):1258-75.

Patel DR, Gyamfi R, Torres A. Exertional rhabdomyolysis and acute kidney injury. Phys
Sportsmed. 2009;37(1):71-9.

Clarkson PM. Exertional rhabdomyolysis and acute renal failure in marathon runners. Sports
Medicine. 2007;37(4-5):361-3.

Patel DR, Torres AD, Greydanus DE. Kidneys and sports. AdolescMed Clin. 2005;16(1):111-9,
Xi.

Sural S, Chakraborty S. Acute kidney injury in hereditary renal hypouricaemia --a case report and
review of literature. J Indian Med Assoc. 2013;111(8):556-7.



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

19

Casa DJ, Armstrong LE, Kenny GP, O'Connor FG, Huggins RA. Exertional heat stroke: new
concepts regarding cause and care. Curr Sports Med Rep. 2012;11(3):115-23.

Oh RC, Henning JS. Exertional heatstroke in an infantry soldier taking ephedra-containing dietary
supplements. Mil Med. 2003;168(6):429-30.

Coris EE, Ramirez AM, Van Durme DJ. Heat illness in athletes: the dangerous combination of
heat, humidity and exercise. Sports Med. 2004;34(1):9-16.

American College of Sports M, Armstrong LE, Casa DJ, Millard-Stafford M, Moran DS, Pyne
SW, et al. American College of Sports Medicine position stand. Exertional heat illness during
training and competition. Med Sci Sports Exerc. 2007;39(3):556-72.

Sithinamsuwan P, Piyavechviratana K, Kitthaweesin T, Chusri W, Orrawanhanothai P, Wongsa A,
et al. Exertional heatstroke: early recognition and outcome with aggressive combined cooling--a
12-year experience. Mil Med. 2009;174(5):496-502.

Thunenkotter T, Schmied C, Dvorak J, Kindermann W. Benefits and limitations of cardiovascular
pre-competition screening in international football. Clin Res Cardiol. 2010;99(1):29-35.
Ljungqvist A, Jenoure P, Engebretsen L, Alonso JM, Bahr R, Clough A, et al. The International
Olympic Committee (IOC) Consensus Statement on periodic health evaluation of elite athletes
March 2009. Br J Sports Med. 2009;43(9):631-43.

Drezner JA, Harmon KG, Asif IM, Marek JC. Why cardiovascular screening in young athletes can
save lives: a critical review. Br J Sports Med. 2016;50(22):1376-8.

Chatard JC, Mujika I, Goiriena JJ, Carre F. Screening young athletes for prevention of sudden
cardiac death: Practical recommendations for sports physicians. Scand J Med Sci Sports.
2016;26(4):362-74.

Schmied CM. Improvement of cardiac screening in amateur athletes. J Electrocardiol.
2015;48(3):351-5.

Aagaard P, Sahlen A, Bergfeldt L, Braunschweig F. Preparticipation evaluation of novice, middle-
age, long-distance runners. Med Sci Sports Exerc. 2013;45(1):130-7.

Bredin SS, Gledhill N, Jamnik VK, Warburton DE. PAR-Q+ and ePARmed-X+: new risk
stratification and physical activity clearance strategy for physicians and patients alike. Can Fam
Physician. 2013;59(3):273-7.

Warburton DE, Jamnik VK, Bredin SS, McKenzie DC, Stone J, Shephard RJ, et al. Evidence-
based risk assessment and recommendations for physical activity clearance: an introduction. Appl
Physiol Nutr Metab. 2011;36 Suppl 1:51-2.

Warburton DE, Gledhill N, Jamnik VK, Bredin SS, McKenzie DC, Stone J, et al. Evidence-based
risk assessment and recommendations for physical activity clearance: Consensus Document 2011.
Appl Physiol Nutr Metab. 2011;36 Suppl 1:5266-98.

Maron BJ, Araujo CG, Thompson PD, Fletcher GF, de Luna AB, Fleg JL, et al. Recommendations
for preparticipation screening and the assessment of cardiovascular disease in masters athletes: an
advisory for healthcare professionals from the working groups of the World Heart Federation, the
International Federation of Sports Medicine, and the American Heart Association Committee on
Exercise, Cardiac Rehabilitation, and Prevention. Circulation. 2001;103(2):327-34.

Corrado D, Schmied C, Basso C, Borjesson M, Schiavon M, Pelliccia A, et al. Risk of sports: do
we need a pre-participation screening for competitive and leisure athletes? Eur Heart J.
2011;32(8):934-44.

Balady GJ, Chaitman B, Driscoll D, Foster C, Froelicher E, Gordon N, et al. Recommendations
for cardiovascular screening, staffing, and emergency policies at health/fitness facilities.
Circulation. 1998;97(22):2283-93.

Whitfield GP, Pettee Gabriel KK, Rahbar MH, Kohl HW, 3rd. Application of the American Heart
Association/American College of Sports Medicine Adult Preparticipation Screening Checklist to a
nationally representative sample of US adults aged >=40 years from the National Health and
Nutrition Examination Survey 2001 to 2004. Circulation. 2014;129(10):1113-20.

Menafoglio A, Di Valentino M, Porretta AP, Foglia P, Segatto JM, Siragusa P, et al.
Cardiovascular evaluation of middle-aged individuals engaged in high-intensity sport activities:
implications for workload, yield and economic costs. Br J Sports Med. 2015;49(11):757-61.
Schwellnus M, Derman W. The quest to reduce the risk of adverse medical events in exercising
individuals: introducing the SAFER (Strategies to reduce Adverse medical events For the
ExerciseR) studies. Br J Sports Med. 2014;48(11):869-70.



74.

75.

76.

77.

78.

20

Schwabe K, Schwellnus MP, Derman W, Swanevelder S, Jordaan E. Older females are at higher
risk for medical complications during 21 km road race running: a prospective study in 39 511 race
starters--SAFER study Il1. Br J Sports Med. 2014,;48(11):891-7.

Schwabe K, Schwellnus MP, Derman W, Swanevelder S, Jordaan E. Less experience and running
pace are potential risk factors for medical complications during a 56 km road running race: a
prospective study in 26 354 race starters--SAFER study II. Br J Sports Med. 2014;48(11):905-11.
Gordon L, Schwellnus M, Swanevelder S, Jordaan E, Derman W. Recent acute prerace systemic
illness in runners increases the risk of not finishing the race: SAFER study V. Br J Sports Med.
2017.

Van Tonder A, Schwellnus M, Swanevelder S, Jordaan E, Derman W, Janse van Rensburg DC. A
prospective cohort study of 7031 distance runners shows that 1 in 13 report systemic symptoms of
an acute illness in the 8-12 day period before a race, increasing their risk of not finishing the race
1.9 times for those runners who started the race: SAFER study IV. Br J Sports Med.
2016;50(15):939-45.

Schwellnus MP, Schwabe K, Swanevelder S, Jordaan E, Derman W. Pre-Race medical Screening
and Educational Intervention Reduces Medical Complications: A SAFER Study in 153 208
Runners. Med Sc Sports Exerc. 2017;Abstract, 2017 Annual Conference (in press).



	Pre-Marathon Evaluations: Is there a role for runner pre-race medical screening and education to reduce the risk of medical complications?
	Abstract
	There is irrefutable evidence that regular participation in physical activity has substantial health benefits, and as such participation in mass community-based sports events should be supported. However, with the promotion of physical activity comes ...
	Runners may have several intrinsic risk factors that can predispose them to serious acute cardiovascular or other serious non-cardiac medical complications on race day.  This intrinsic risk can be exacerbated by several extrinsic risk factors as well....
	Introduction – health benefits of regular exercise
	In 2008, we initiated a series of studies that formed the basis of a long-term strategy to reduce the risk of an adverse medical event in endurance exercisers: the SAFER (Strategies to reduce Adverse medical events For the ExerciseR) studies (73) (11)...
	In the first of these follow-up SAFER studies, an online “self assessment screening” and runner targeted educational intervention (based on risk and risk profile) system was designed and implemented in 2012. The “self assessment screening” questionnai...
	This was followed by a targeted educational intervention in the form of an email notification of participants in the high and intermediate risk categories. Race entrants were given advice on the risks of a medical complication, practical advice to red...

