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Cardiovascular Fitness
Changing Aspects from Child to Elderly

- Introduction
- Epidemiology
- Heart & Diving
- Cardiovascular Fitness Examination
- Sport Fitness Certificate &  Decree
- Conclusions
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Introduction 

• Growing interest of people of all age for  
sport *

• Increasing age of active sporters (elderly)

• Decreasing age of active sporters (children)

• Optimal conditions aligning sporters’ 
satisfaction and maximum security 

• Growing interest of people of all age for  
sport *

• Increasing age of active sporters (elderly)

• Decreasing age of active sporters (children)

• Optimal conditions aligning sporters’ 
satisfaction and maximum security 

*      12 000 - Belgium
150 000 - France

1 500 000 – World
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Introduction 

• Increasing prevalence of common diseases
(coronary artery disease, diabetes, asthma …) 
worldwide

• More severe global guidelines regarding 
diagnosis and treatment goal for several 
common diseases 

• Revised eligibility recommendations for 
sports practise 

• Increasing prevalence of common diseases
(coronary artery disease, diabetes, asthma …) 
worldwide

• More severe global guidelines regarding 
diagnosis and treatment goal for several 
common diseases 

• Revised eligibility recommendations for 
sports practise 
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Fitness to Dive

Medical standards come in 
black and white …

People come in shade grey.

Carl Edmonds

Medical standards come in 
black and white …

People come in shade grey.

Carl Edmonds
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Epidemiology - Risk Factors

Framingham Study

Cardiovascular Risk 
Assessment

Framingham Study

Cardiovascular Risk 
Assessment
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Epidemiology – Obesity & Diabetes

Risk Factors
- Obesity 
- Diabetes

Risk Factors
- Obesity 
- Diabetes
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Epidemiology – Obesity - Belgium 

March 17th 2010
SBMHS-BVOOG - 24.02.2018

JAMA 2003; 289:76-79.

Epidemiology – Obesity & Diabetes

Correlation
- Obesity 
- Diabetes

Correlation
- Obesity 
- Diabetes
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Diagnosed & Undiagnosed Diabetes & 
Impaired Glucose Tolerance by age (U.S.)

Harris. Diabetes Care 1993;16:642-52

Epidemiology - Diabetes

Age
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Horm Metab Res Suppl 1985,15,41-46

Mortality due to Coronary Artery Disease

Epidemiology - CAD 

Normal Glucose 
Tolerance (NGT) 

Impaired Glucose 
Tolerance (IGT)

Type 2, Non-
Insulin-Dependent 
Diabetes Mellitus 

(NIDDM)

Normal Glucose 
Tolerance (NGT) 

Impaired Glucose 
Tolerance (IGT)

Type 2, Non-
Insulin-Dependent 
Diabetes Mellitus 

(NIDDM)
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• < 30-35 years :

• > 30-35 years : 75 % ischemic heart disease
U.S. Series  - Maron, B. J. et al. Circulation 1996;94:850-856

• < 30-35 years :

• > 30-35 years : 75 % ischemic heart disease
U.S. Series  - Maron, B. J. et al. Circulation 1996;94:850-856

Epidemiology – Sudden Death

Athletes – Undelying PathologyAthletes – Undelying Pathology
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Epidemiology - Arrythmias

• Arrhythmias in athletes are rare 
(2.3/100.000 per year)

• Undelying structural heart disease is often the 
cause of arrhythmias 

– WPW, hypertrophic cardiomyopathy, coronary 
abnormalities, ischemic heart disease, …

– exertion acting as the trigger

• (Endurance) sports may lead to functional and 
structural changes that are pro-arrhythmogenic

• Arrhythmias in athletes are rare 
(2.3/100.000 per year)

• Undelying structural heart disease is often the 
cause of arrhythmias 

– WPW, hypertrophic cardiomyopathy, coronary 
abnormalities, ischemic heart disease, …

– exertion acting as the trigger

• (Endurance) sports may lead to functional and 
structural changes that are pro-arrhythmogenic
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Epidemiology - Mortality

Burden of diseases - Mortality

Murray et al, The Lancet, 1997
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–59%–59% –64%–64% –35%–35% +163%+163% –7%–7%

Coronary
Heart

Disease

Coronary
Heart

Disease

StrokeStroke Other CVDOther CVD COPDCOPD All Other
Causes

All Other
Causes

Source:  NHLBI/NIH/DHHS

Epidemiology – Death Rates
% of Changes in Age-Adjusted Death Rates

U.S., 1965-1998
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Epidemiology - Age 
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Epidemiology - Exercise

We have to get people moving
SBMHS-BVOOG - 24.02.2018
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Heart - Diving
The heart under pressure

La plongée sous-marine combine : 

•l’immersion dans une eau généralement froide
•
•la ventilation d’un gaz dense avec hyperoxie

•les effets de la pression hydrostatique

•un effort souvent modéré mais parfois intense 

La plongée sous-marine combine : 

•l’immersion dans une eau généralement froide
•
•la ventilation d’un gaz dense avec hyperoxie

•les effets de la pression hydrostatique

•un effort souvent modéré mais parfois intense 
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Prendergast DR, Moon RE, Krasney JJ, et al. Human physiologyin an aquatic environment. Compr Physiol 2015;5:1705—50.

Heart - Diving
The heart under pressure

L’immersion : 
•entraîne une disparition des effets de l’orthostatisme dans l’air
•avec redistribution sanguine centrale d’environ 700 ml 
•qui entraîne une augmentation de la précharge bi-
ventriculaire, des pressions artérielles pulmonaires et du débit 
cardiaque. 
•La distension des cavités cardiaques active la sécrétion de 
peptides natriurétiques et inhibe celle de l’hormone 
antidiurétique avec pour conséquence la stimulation de la 
diurèse, visant à rétablir des conditions hémodynamiques 
normales. 
•Le système rénine-angiotensine-aldostérone est inhibé. 
•On observe donc en début d’immersion une pseudo-
hypervolémie relative, qui du fait de la diurèse induite laissera 
place à une hypovolémie relative à la sortie de l’eau. 

L’immersion : 
•entraîne une disparition des effets de l’orthostatisme dans l’air
•avec redistribution sanguine centrale d’environ 700 ml 
•qui entraîne une augmentation de la précharge bi-
ventriculaire, des pressions artérielles pulmonaires et du débit 
cardiaque. 
•La distension des cavités cardiaques active la sécrétion de 
peptides natriurétiques et inhibe celle de l’hormone 
antidiurétique avec pour conséquence la stimulation de la 
diurèse, visant à rétablir des conditions hémodynamiques 
normales. 
•Le système rénine-angiotensine-aldostérone est inhibé. 
•On observe donc en début d’immersion une pseudo-
hypervolémie relative, qui du fait de la diurèse induite laissera 
place à une hypovolémie relative à la sortie de l’eau. 

SBMHS-BVOOG - 24.02.2018
Boussuges A, Regnard J. Physiologie cardiovasculaire et bilanhydrominéral. In: Physiol Med Plongée. Paris: Ellipses; 2006.p. 115—39.
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Heart - Diving
The heart under pressure

Le froid :
•joue également un rôle important : la neutralité thermique en 
immersion est atteinte dans une eau à 34°C environ, ce qui est 
rarement le cas. 
•entraîne une vasoconstriction qui majore la redistribution 
sanguine et élève les résistances périphériques et la post-
charge.  

Le froid :
•joue également un rôle important : la neutralité thermique en 
immersion est atteinte dans une eau à 34°C environ, ce qui est 
rarement le cas. 
•entraîne une vasoconstriction qui majore la redistribution 
sanguine et élève les résistances périphériques et la post-
charge.  
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Heart - Diving
The heart under pressure

L’augmentation de la pression hydrostatique qui 
s’ajoute à la pression atmosphérique (1 bar en 
surface, puis 1 bar tous les 10 mètres d’eau):  
•entraîne une compression des gaz de l’organisme, notamment 
du gaz respiré 
•dont la densité va augmenter progressivement avec 
augmentation des pressions partielles notamment d’oxygène et 
d’azote, ce dernier étant responsable des accidents de 
désaturation. 

L’augmentation de la pression hydrostatique qui 
s’ajoute à la pression atmosphérique (1 bar en 
surface, puis 1 bar tous les 10 mètres d’eau):  
•entraîne une compression des gaz de l’organisme, notamment 
du gaz respiré 
•dont la densité va augmenter progressivement avec 
augmentation des pressions partielles notamment d’oxygène et 
d’azote, ce dernier étant responsable des accidents de 
désaturation. 
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L’hyperoxie : 
• a un effet vasoconstricteur coronaire et périphérique, plus 

variable au niveau de la circulation pulmonaire.

L’hyperoxie : 
• a un effet vasoconstricteur coronaire et périphérique, plus 

variable au niveau de la circulation pulmonaire.



SBMHS-BVOOG 24 Feb 2018 Cardiovascular fitness and diving

(c) 2018 G Vandenhoven 12

Heart - Diving
The heart under pressure

L’effort : 
• est généralement modéré, mais continu.
• la plongée ne figure pas dans la classification des sports de 

Mitchell car elle ne comporte pas de compétition. 
• il peut arriver de devoir fournir un effort intense notamment en 

cas de courant, qui sollicitera d’autant plus le système 
cardio-vasculaire du fait des contraintes physiologiques 
imposées par le milieu. 

• il est évident que tout risque de perte de connaissance même 
brève en immersion doit être évité.
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• la plongée ne figure pas dans la classification des sports de 

Mitchell car elle ne comporte pas de compétition. 
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cardio-vasculaire du fait des contraintes physiologiques 
imposées par le milieu. 
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Heart - Diving
Fédération française d’étude et de sport sous-marins
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Heart - Diving
Fédération française d’étude et de sport sous-marins
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Heart - Diving
Fédération française d’étude et de sport sous-marins
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Heart - Diving

In 25% of the cases there was an identifiable 
pre-existing condition which specifically 

contributed to the fatality and which would have 
been a contra-indication to diving 

In 25% of the cases there was an identifiable 
pre-existing condition which specifically 

contributed to the fatality and which would have 
been a contra-indication to diving 

DAN Europe Accident Database 
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Heart - Diving
DAN Europe Accident Database 

•Age >50 18 %
•Pre-existing cardiac disease 12 %
•Advised unfit to five 9 %
•Hypertension 8 %
•Asthma 8 %
•Gross Obesity 8 %
•Other pulmonary pathology 7 %
•Taking unsuitable prescription medication 7 %
•Physically very unfit 4 %
•Severe disability 3 %
•Ear problems 2 %
•Diabetes 1 %
•Epilepsy 1 %

•Age >50 18 %
•Pre-existing cardiac disease 12 %
•Advised unfit to five 9 %
•Hypertension 8 %
•Asthma 8 %
•Gross Obesity 8 %
•Other pulmonary pathology 7 %
•Taking unsuitable prescription medication 7 %
•Physically very unfit 4 %
•Severe disability 3 %
•Ear problems 2 %
•Diabetes 1 %
•Epilepsy 1 %
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Sport Fitness Examination

• Is the individual medically fit to sport ?

• Is sport participation not causing harm on 
the individual’s health status ? 

• Is the individual’s health status not interfering 
with the security of others sporters ? 

• Is the individual medically fit to sport ?

• Is sport participation not causing harm on 
the individual’s health status ? 

• Is the individual’s health status not interfering 
with the security of others sporters ? 

Why A Sport Fitness Examination ?
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Sport Fitness Examination
Exercise stress testing

• A useful clinical means for checking physical 
reserve during sport activities

• An assessment for heart disease risk since 
heart disease is one common causes of sudden 
death

• A useful clinical means for checking physical 
reserve during sport activities

• An assessment for heart disease risk since 
heart disease is one common causes of sudden 
death
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Sport Fitness Examination
Sport Fitness Examination ? When ?

• Sport Fitness Examinations
– Before training
– Periodically
– After surgery, illness or accident

• Medical assessment is enhanced by a
physician who has any sport specific 
knowledge or is himself a sportster 

• Sport Fitness Examinations
– Before training
– Periodically
– After surgery, illness or accident

• Medical assessment is enhanced by a
physician who has any sport specific 
knowledge or is himself a sportster 
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Sport Fitness Examination
Sport Fitness Problems

• novice 
• cardiac
• asthmatic
• diabetic
• physical handicapped
• aging 
• child 
• head injury
• injuries with residual damage

• novice 
• cardiac
• asthmatic
• diabetic
• physical handicapped
• aging 
• child 
• head injury
• injuries with residual damage
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Sport Fitness Examination

DAN Europe study on effectiveness of 
diving medicals

• Design : retrospective longitudinal study
• Time period : 1994 – 2000
• Study group : Maltese registered divers (n = 6267)
• Control group : DAN Europe divers (n = 49146)
• Outcome: number of DCI incidents compared to  

number of dives in the two groups

• Design : retrospective longitudinal study
• Time period : 1994 – 2000
• Study group : Maltese registered divers (n = 6267)
• Control group : DAN Europe divers (n = 49146)
• Outcome: number of DCI incidents compared to  

number of dives in the two groups

SBMHS-BVOOG - 24.02.2018

Medical Fitness Examinations

Incidence of decompression sickness in the Maltese and 
DAN Europe divers during the years 1994-2000
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Medical Fitness Examinations

DAN Europe study on effectiveness of 
diving medicals

• Study Group :
–Incidence rate :  1 DCI per 16,420 dives
–Absolute risk :       0.006%  (95% CI 0.004% - 0.008%)

• Controll Group :
–Incidence rate :  1 DCI per 6,400 dives
–Absolute risk :       0.016%  (95% CI 0.014% - 0.017%)

• The difference between the two rates is statistically 
significant (p < 0.001)

• Study Group :
–Incidence rate :  1 DCI per 16,420 dives
–Absolute risk :       0.006%  (95% CI 0.004% - 0.008%)

• Controll Group :
–Incidence rate :  1 DCI per 6,400 dives
–Absolute risk :       0.016%  (95% CI 0.014% - 0.017%)

• The difference between the two rates is statistically 
significant (p < 0.001)
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6th ECHM Consensus Conference with
EDTC & DAN Europe 

Fitness to dive assessment is important in 
preventing diving illness

The joint ECHM-EDTC fitness to dive criteria are 
an agreed standard for all categories of diving

Fitness to dive assessment is important in 
preventing diving illness

The joint ECHM-EDTC fitness to dive criteria are 
an agreed standard for all categories of diving

European Diving Technology Committee, DAN Europe AND SUHMS, Genève, 24-25 October 2003
SBMHS-BVOOG - 24.02.2018
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Cardiovascular Disease
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Cardiovascular Disease
SCORE – Belgium - 10 year risk of fatal CVD by gender, 

age, SBP, total cholesterol and smoking status
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Cardiovascular Disease
European Sports Cardiology

Recommendations
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Cardiovascular Disease
European Sports Cardiology

Recommendations

Two goals

• Prevent potentially fatal arrhythmias during
exercise if underlying disease

• Prevent development or progression of
underlying disease

• Prevent potentially fatal arrhythmias during
exercise if underlying disease

• Prevent development or progression of
underlying disease
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Screening reduces sudden death
ECG as part of screening : Italy 1979-2004

Corrado et al, JAMA 2006

• 90% reduction in sudden death in athletes (3.6 to 0.4/100.000 pt y) vs. none 
in non-screened

• > 50% increase in cardiomyopathy detection (4.4% to 9.4%)

• 50% reduction of cardiomyopathy-related mortality (36% to 17%)

• 90% reduction in sudden death in athletes (3.6 to 0.4/100.000 pt y) vs. none 
in non-screened

• > 50% increase in cardiomyopathy detection (4.4% to 9.4%)

• 50% reduction of cardiomyopathy-related mortality (36% to 17%)
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• Adequate specificity 1-8

– small overlap athlete’s ECG and pathological conditions
– most with “athlete’s ECG” are indeed free of abnormalities 5

• High sensitivity 1-5

– much better than physical exam and history

• Only 3% of athletes with hypertrophic  
cardiomyopathy or structural heart disease detected ! 
4

– often first expression of disease

• Associated with reduction in sports-related sudden 
death 4

• Likely cost-effective7 ($8800 - $44000 per LYS)
– needs further testing 

1. Corrado et al, on behalf of the Section of Sports Cardiology of the ESC, Eur Heart J 2005;
2. http://www.olympic.org/common/asp/download_report.asp?file=en_report_886.pdf&id=886
3. Pelliccia et al, Eur Heart J 2006; 4. Corrado et al, JAMA 2006; 5. Pelliccia, Eur Heart J 2007;
6. Pelliccia et al, Eur Heart J 2006; 7. Myerburg & Vetter, Circulation 2007

• Adequate specificity 1-8

– small overlap athlete’s ECG and pathological conditions
– most with “athlete’s ECG” are indeed free of abnormalities 5

• High sensitivity 1-5

– much better than physical exam and history

• Only 3% of athletes with hypertrophic  
cardiomyopathy or structural heart disease detected ! 
4

– often first expression of disease

• Associated with reduction in sports-related sudden 
death 4

• Likely cost-effective7 ($8800 - $44000 per LYS)
– needs further testing 

1. Corrado et al, on behalf of the Section of Sports Cardiology of the ESC, Eur Heart J 2005;
2. http://www.olympic.org/common/asp/download_report.asp?file=en_report_886.pdf&id=886
3. Pelliccia et al, Eur Heart J 2006; 4. Corrado et al, JAMA 2006; 5. Pelliccia, Eur Heart J 2007;
6. Pelliccia et al, Eur Heart J 2006; 7. Myerburg & Vetter, Circulation 2007

Screening ‘ECG required’
ESC / IOC Position 1-2
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ECG & Seattle Criteria
Increased Specificity of Preparticipation Screening
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Medications

Relationship between drugs and sport

• Consider the condition/illness/disease for which 
the medication is being given and check if this 
condition could be dangerous during sport

• Are there effects of the drug that alter 
consciousness or cause alteration in decision 
making ability

• Consider the condition/illness/disease for which 
the medication is being given and check if this 
condition could be dangerous during sport

• Are there effects of the drug that alter 
consciousness or cause alteration in decision 
making ability
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Medications

• Check drug databases for any side effects of the 
drug that could be dangerous (underwater or 
that are similar to symptoms of DCS)

• Consider complex relationships between drugs, 
the individual, other medications, diet and the 
conditions for which the drugs are taken.

• Check drug databases for any side effects of the 
drug that could be dangerous (underwater or 
that are similar to symptoms of DCS)

• Consider complex relationships between drugs, 
the individual, other medications, diet and the 
conditions for which the drugs are taken.

Relationship between drugs and sport

SBMHS-BVOOG - 24.02.2018

Sport Fitness Certificate & Decree
Belgium

SBMHS-BVOOG - 24.02.2018



SBMHS-BVOOG 24 Feb 2018 Cardiovascular fitness and diving

(c) 2018 G Vandenhoven 24

Vlaamse Overheid
Gezond Sporten - Actieplan
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Vlaamse Overheid
Gezond Sporten – Testen op geschiktheid

SBMHS-BVOOG - 24.02.2018
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Vlaamse Overheid
Gezond Sporten - Sportkeuringsartsen
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Vlaamse Overheid
Gezond Sporten - Sportkeuring
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Vlaamse Overheid
Gezond Sporten - Sportkeuring
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Vlaamse Overheid
Gezond Sporten - Sportkeuring
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Vlaamse Overheid
Gezond Sporten – Sportkeuring - Vragenlijst

SBMHS-BVOOG - 24.02.2018

Vlaamse Overheid
Gezond Sporten – Sportkeuring - Resultaat
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Vlaamse Overheid
Gezond Sporten – Sportkeuring - Resultaat
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Vlaamse Overheid
Gezond Sporten – Sportkeuring – Sportkeuringsarts
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Vlaamse Overheid
Gezond Sporten – Sportkeuringsonderzoek

• Sportspecifiek
• Niet verplicht (tenzij door federatie)
• Laagdrempelig
• Algemeen

Mag zeker geen rem zijn om te gaan sporten

• Sportspecifiek
• Niet verplicht (tenzij door federatie)
• Laagdrempelig
• Algemeen

Mag zeker geen rem zijn om te gaan sporten
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Vlaamse Overheid
VASO - Vlaamse Aanbeveling Sportmedisch Onderzoek

*

*

* behalve risicosporten (syncope)

SBMHS-BVOOG - 24.02.2018
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Communauté Française
Décret – Prévention des Risques dans le Sport

SBMHS-BVOOG - 24.02.2018

Communauté Française
Décret – Règlement médical - Certificat

SBMHS-BVOOG - 24.02.2018
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“ Le Gouvernement établit, sur proposition de la Commission, un guide
destiné à informer les docteurs en médecine à propos des examens 
qu’il convient de réaliser afin de pouvoir s’assurer de l’absence 
de contre-indications à la pratique d’un sport, en tenant 

compte des éventuels risques spécifiques que celui-ci présente “ 
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Communauté Française
Décret – Règlement médical - Certificat

“Le législateur décrétal oblige tout pratiquant d’un sport, dans les 
situations et circonstances particulières listées en son article 11, à présenter un 

certificat médical attestant l’absence de contre-indication à la 
pratique du sport. 
Citons sans exhaustivité :

•tout sportif qui pratique un sport à risque particulier, un sport à risque 
extrême ou un sport de combat (1°) ;

•tout sportif qui pratique son sport de manière intensive (2°) ;

•tout sportif reprenant une activité sportive après une longue période de 
sédentarité (6°) ;

•tout sportif ayant dépassé la limite d’âge fixée par le 
Gouvernement, sur avis de la Commission “
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•tout sportif ayant dépassé la limite d’âge fixée par le 
Gouvernement, sur avis de la Commission “
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Conclusions

Individual Sportster Risk Assessment

• Medical fitness
• Functional performance
• Physical performance
• Psychological performance
• Disease (severity)
• Treatment(s) (efficacy & compliance)
• Physician’s knowledge
• Instructor’s knowledge
• Sportster’s knowledge
• Technical Staff’s knowledge
• Other sportster(s)’s knowledge

• Medical fitness
• Functional performance
• Physical performance
• Psychological performance
• Disease (severity)
• Treatment(s) (efficacy & compliance)
• Physician’s knowledge
• Instructor’s knowledge
• Sportster’s knowledge
• Technical Staff’s knowledge
• Other sportster(s)’s knowledge

SBMHS-BVOOG - 24.02.2018



SBMHS-BVOOG 24 Feb 2018 Cardiovascular fitness and diving

(c) 2018 G Vandenhoven 32

Fit appearance may mislead.

Screening is necessary.

Fit appearance may mislead.

Screening is necessary.

Cardiovascular Fitness
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Questions ?

Cardiovascular Fitness
Changing Aspects from Child to Elderly
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Thank you


