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Sport und Ernahrung — Ein fittes Gespann

Wie gesund sind Sport
und Bewegung?

Matthias Wilhelm
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Endurance running and the evolution of Homo

Dennis M. Bramble' & Daniel E. Lieberman®

'Department of Biology, University of Utah, Salt Lake City, Utah 84112, USA NATURE| VOL 432 | 18 NOVEMBER 2004 |

“Peabody Museum, Harvard University, Cambridge, Massachusetts 02138, USA

“Striding bipedalism is a key derived
behaviour of hominids that possibly
originated soon after the divergence
of the chimpanzee and human
lineages.

The fossil evidence of these features
suggests that endurance running Is
a derived capabillity of the genus
Homo, originating about 2 million
years ago, and may have been
Instrumental in the evolution of the
human body form.”
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«Wenn wir jedem
Individuum

das richtige Mass an
Nahrung und Bewegung
zukommen lassen
konnten, hatten wir den
sichersten Weg zur
Gesundheit gefunden.»



Studie mit dem Personal von
Doppeldeckerbussen in London:
Die Mortalitit von Kontrolleuren
war 50% niedriger im Vergleich zu
Chauffeuren.

Morris, Lancet 1953
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EXERCISE CAPACITY AND MORTALITY AMONG MEN REFERRED
FOR EXSROINE TREFING 6.2+3.7 Jahre Follow-Up

JONATHAN MYERS, PH.D., MaNisH Prakass, M.D., VicTos FROELICHER, M.D., DAT Do, M.D,, SAra PARTINGTON, B.Sc.,

AND J. EDWIN AtweoD, M.D.
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Lifestyle - clustering of risk factors - atherosclerosis
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Lifestyle - clustering of risk factors - atherosclerosis
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Lifestyle - clustering of risk factors - atherosclerosis
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The New England Journal of Medicine

ASSOCIATION BETWEEN MULTIPLE CARDIOVASCULAR RISK FACTORS
AND ATHEROSCLEROSIS IN CHILDREN AND YOUNG ADULTS

GERaLD S. Berenson, M.D., SatHANUR R. SRINvasan, PH.D., WEHANG Bao, PH.D., WiLuiam P. Newman 111, M.D.,
RicHarp E. Tracy, M.D., PH.D., anD WENDY A. WaTTIGNEY, M.S., FOR THE BoGaLusa HEART STuDY
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Figure 3. The Effect of Multiple Risk Factors on the Extent of Atherosclerosis in the Aorta and Coronary
Arteries in Children and Young Adults.

N Engl J Med 1998;338:1650-6



Obesity Trends” among U.S. Adults
BRFSS: 1990 - 1999 - 2008
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High prevalence of overweight and obesity
in 11—15-year-old children from Sicily

Roberto Baratta ', Claudia Degano ', Daniela Leonardi,
Riccardo Vigneri, Lucia Frittitta*

Overweight and Obesity

40% at 11 years, 25% at 15 years

Table 1  Median BMI values in Sicily, by gender and age, compared to values in Southern Italy, Central—Northern
(C-N) Italy and the USA (CDC 2000)

Age Sicily Southern C-N USA
(years) Italy Italy
Cases (n) Median Median Median Median
Males 11 1020 19.4 18.7 18.7 17.2
12 4714 19.7 19.4 19.5 17.8
13 8055 20.0 20.2 20.2 18.5
14 7012 20.3 20.9 20.8 19.2
15 3318 20.6 21.5 21.2 19.9
Females 11 1045 19.3 19.0 18.8 17.5
12 5085 19.5 19.8 19.6 18.1
13 8176 19.8 20.4 20.2 18.7
14 7219 20.5 21.0 20.6 19.3
15 3253 21.0 21.3 20.8 19.9

Nutrition, Metabolism & Cardiovascular Diseases (2006) 16, 249255



Physical activity and clustered cardiovascular risk in children:
a cross-sectional study (The European Youth Heart Study)

Lars Bo Andersen, Maarike Harro*, Luis B Sardinha, Karsten Froberg, Ulf Ekelund, Seren Brage, Sigmund Alfred Anderssen

Cross-sectional study of 1732 randomly
T ] selected 9-year-old and 15-year-old school
children from Denmark, Estonia, and Portugal.

N s
| L |
]

T Composite risk factor score
(mean of Z scores):

» Systolic blood pressure

* Triglyceride,

- * Total cholesterol/HDL ratio,
* Insulin resistance,

» Sum of four skinfolds,

— » Aerobic fitness

W
I

H
I

Risk of metabolic disorder (log)
P
I

Individuals with a risk score above 1 SD of the
composite variable were defined as being at
risk. Physical activity was assessed by
accelerometry.

0-5
1 2 3 4 5

Quintiles of physical activity
intensity (mean cpm) Lancet 2006; 368: 299-304



Atherosclerosis timeline

Foam Fatty Intermediate Fibrous Complicated
streak lesion Atheroma plaque lesion/rupture
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Endothelial dysfunction =—————————->

From first decade From third decade From fourth decade

Smooth muscie§] Thrombosis,

Growth mainly by lipid accumulation and collagen hematoma

Pepine CJ. Am J Cardiol. 1998;82(suppl 10A):23S-27S.
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Novel therapeutic concepts

Role of exercise in the prevention
of cardiovascular disease: results,
mechanisms, and new perspectives

Gerhard Schuler', Volker Adams', and Yoichi Goto?

Blood vessel
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Correlation of habitual physical activity levels with flow-mediated
dilation of the brachial artery in 5—10 year old children

Rebecca A. Abbott?®, Margo A. Harkness ®, Peter S.W. Davies ©*

& School of Human Movement Studies. Faculty of Health, Queensland University of Technology. Herston, Brisbane. Qld 4059, Australia
b Centre for Medical and Health Physics. Faculty of Science. Queensland University of Technology. Gardens Point. Brisbane.
Old 4000, Australia
¢ Children’s Nutrition Research Centre. Department of Pediatrics and Child Health. Royal Children’s Hospital. University of Queensland.
Herston. Brisbane, Old 4029. Australia
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Exercise Training Normalizes Vascular qufunc tion
and Impmves Lentl al Adiposity in Obese Adolescents

Katie Watts, BSC(HONs),* Petra Beye, MD, Aris Siafarikas, MD,} Elizabeth A. Davis, FRACP,%
Timothy W. Jones, FRACP,7# Gerard O'Driscoll, FRACP,*§ Daniel J. Green, PHD*§
Crawley, Subiaco, and Perth, Western Australia

121 [— P<0.05 —] [~ P<0.05 * 19 obese subjects

* age 14.3*1.5 years

* cross-over design

* 8 weeks circuit training
- 3x/week a 1 hour
- cycling (65-85 % HRmax)
- strength (55-70% max)

10 1

Flow-mediated dilation (FMD %)
.
7

Untrained Trained

Lean Control Subjects Obese Subjects
(n=20) (n=19)



Exercise characteristics and
the blood pressure response to
dynamic physical training

ROBERT H FAGARD

Training intensity (%)

Change in diastolic blood pressure (mm Hg)
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Med. Sci. Sports Exerc. 2001;33:5484-S492



Effect of Exercise Training Intensity on
Abdominal Visceral Fat and Body Composition

BRIAN A. IRVING'”, CHRISTOPHER K. DAVIS', DAVID W. BROCK ', JUDY Y. WELTMAN", DAMON SWIFT,
EUGENE J, BARRETT®*, GLENN A, GAESSER', and ARTHUR WELTMAN'2+

Med. Sci. Sports Exerc., Vol. 40, No. 11, pp. 1863-1872, 2008.

A Abdominal Subcutaneous Fat B Abdominal Visceral Fat
m p =0.056

p=0329

0= 0,940

Yo A

Control Low intensity
training

Control Low intensity
training

High intensit High intensity
training training



Wegen akutem Myokardinfarkt hospitalisierte Personen
Rate pro 100'000 Einwohnerinnen und Einwohner
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Krebs (Total), 2005-2009
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Mechanisms linking physical
activity with cancer

Anne McTiernan

Decreased oestrogens
and androgens

' Improved immune function |

Ej' Increased physical activity

' [Decreased risk of cancer)

Altered adipocytokines
(Tadiponectin,
Ueptin, Linflammation)

NATURE REVIEWS [ CANCER VOLUME 8 | MARCH 2008 | 205



Positiver Effekt von Sport bei
Krebserkrankungen

Krebs nach Lokalisation, 2005-2009
Anteil nach Krebslokalisation G 4.31
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Grundlage Training und Leistungssteigerung

ACSM’s
Exercise Is
Medlcme”

¢ Trainingsreiz
zZu spat

\ Clinician’s Guide to ExerciseiPrescription :

Steven Jonas | sa,;uw'ﬁmn

T_ T/ FITT -

F — Frequency (how often?)

| — Intensity (how hard?)

' T - Time (how long?)
@ s i T - Type (what type?)

ACSM Guidelines for Exercise Testing and Prescription, 2010
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Definition of training zones
Heart rate and rate of perceived exertion

| i

Aerobic threshold

min

1:59 Dauer vor Belast.
11:07 Testdauer

5:38 Erholungsdauer
18:44 Totale Dauer
Max. Last 192 (1M11) W (173.0) %
Max HF 174 (168) /min (103) %
Max BD 180 / 85 mmHg
Max. BD x HF 31140 mmHg/min

Zone lll
«vigorous PA»

Borgskala

6 Uberhaupt keine Anstrengung

7
Extrem locker
8
9 Sehr locker
10
. N N B B B B B B B |
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2 65-75 (80)% HRmax

3 Einwenig hart
] ]

1
.
14
---------\

85-95% HRmaxl|

Sehr hart ’
- B B B BE B BF |

Extrem hart

20 Maximale Anstrengung

® Gunnar Borg 1985




Accelerometry with Actigraph® (8 days):
Total PA time

Moderate-to-Vigorous PA (3000-5200 cpm)
Vigorous PA (>5200 cpm)

5000~
4000+
3000
2000+
1000

Counts

03:00

!

Model 1 . _
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i1 1

LOwW HIGH
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http://www.theactigraph.com/products/gt3x-plus/
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Physical activity intensity and surrogate markers
for cardiovascular health in adolescents

Thomas Radtke - Susi Kriemler - Prisca Eser *
Hugo Saner - Matthias Wilhelm
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Autonomic tone Blood pressure

P=0.147
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Eur J Appl Physiol 2012; DOI 10.1007/s00421-012-2542-2



EVIDENCE BASED PHYSICAL ACTIVITY FOR SCHOOL-AGE YOUTH

WiLiam B. Strong, MD, ™ Rosert M. Mauna, PHD,™ Cameron |. R, Bumkie, PHD, SterHen R, Daniers, MD, PHD,
Robner K. DisHvan, PHD, Bernare Gutn, PHD, AeerT C. HercenroeDER, MD, Aviva MusT, PHD, Patricia A. Nixon, PHD,
James M. Pivarnik, PHD, THomas Rowianp, MD, StewarT Trost, PHD, AND Francos TrRupeau, PHD

60 Minuten pro Tag

* Moderate bis anstrengende Intensitat
* Dauer 2 10 Minuten

J Pediatr 2005:146:732-7

3x pro Woche

- Intensive Aktivitaten

WHO Global recommendations on PA and health




JOINT ESC GUIDELINES

furopean Heant journal (2017) 33, 16351704
aueovan 10,109 ¥eurhoart)/ohs092

European Guidelines on cardiovascular disease
prevention in clinical practice (version 2012)

The Fifth Joint Task Force of the European Society of Cardiology
and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of nine societies

and by invited experts)

Recommendations regarding physical activity

Recommendations

_L Healthy adults of all ages
should spend 2.5-5 ha
week on physical activity or
aerobic exercise training of
at least moderate intensity,
or |-2.5 ha week on
vigorous intense exercise.

edentary subjects should
be strongly encouraged to
start light-intensity exercise
programmes.

Physical activity/aerobic
exercise training should be
performed in multiple bouts
each lasting 210 min and
evenly spread throughout the
week, i.e. on 4-5 days a week.

Patients with previous acute
myocardial infarction, CABG,
PCl, stable angina pectoris, or
stable chronic heart failure
should undergo moderate-
to-vigorous intensity aerobic
exercise training >3 times a
week and 30 min per session.
Sedentary patients should

be strongly encouraged to
start light-intensity exercise
programmes after adequate
exercise-related risk
stratification.




“Activity pyramid”

different views

Figure 1
Activity pyramid. (Adapted from: “The Activity Pyram
Minneapolis, U.S.A. used with permission.)

Ausdauertraining
3 x pro Woche Kraft/Beweglichkeit
20 - 60 Min. 2 x pro Woche

"~

EVERYDAY
(28 much xs potsitde)

Take the Stairs
Walk instead of Drive / Ride
Do Work Around the House
Walk the Dog
Park Your Car Farthor Away

Eine halbe Stunde Bewegung taglich in Form von
Alltagsaktivitaten oder Sport mit mittlerer Intensitét

Quelle: Bundesamt fur Sport BASPO
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PHYSICAL ACTIVITY, ALL-CAUSE MORTALITY, AND LONGEVITY OF COLLEGE ALUMNI
RALPH 8. PAFFENBARGER, JrR., M.D., Dr.P.H., RoserT T. HyDE, M.A., ALVIN L. WinG, M.B.A.,
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AND CHUNG-cHENG Hsien, Sc.D.

Relative Risk of Death
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Weekly kcal spent for exercise
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3500+



Relative Risk of Death Paffenbarger et at, NEJM 1986;314:605

- Weekly kcal spent for exercise
1
0.8
0.6
0.4
0.2
]
<500 500-899 1000-1499 1500-1999 2000-2499 2500-2999 3000-3499 3500+

% Stunde |angsames Joggen pro Tag: Tatigkeit Metabolisches Kcal/h fiir eine 70kg
* Aquivalent (MET)*  schwere Person
7%210 Kcal=1470 Kcal/Woche
Fernsehen 1,4 98

Leichte Hausarbeit 25 175

'yz Stu nde zugiges Joggen pro Tag: Spazierengehen mit dem Hund 30 210

Schwere Hausarbeit 4,0 280
7*420 Kcal=2940 Kcal/Woche

Golf 48 336

Skifahren 53 371

Klassisches Tanzen 55 385

Langsames Joggen (6.5 km/h) 6,0 420

Tennis 7,3 511

Fussball 8,0 560

Tabelle 1 Velo (20-25 km/h) 8,0 560

Energieverbrauch bei verschiedenen kérperlichen Aktivitaten. * Ein metaboli- Zugiges Joggen (12 km/h) 12,0 840

sches Aquivalent (MET) entspricht dem Grundumsatz und einer Sauerstoffauf- Mountainbike bergauf 14,0 980

nahme von 3.5 ml/min/kg. Quelle: Compendium of Physical Activities, http://
sites.google.com/site/compendiumofphysicalactivities (accessed 2012, Rennvelo (>30 km/h) 15,8 1106

January 11th). Wilhelm, PrimaryCare 2012;12:94-96
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PHYSICAL ACTIVITY, ALL-CAUSE MORTALITY, AND LONGEVITY OF COLLEGE ALUMNI

RALPH S. PAFFENBARGER, Jr., M.D., Dr.P.H., RoserT T. HyDE, M.A., ALVIN L. WinG, M.B.A.,
AND CHUNG-CHENG Hsien, Sc.D.

Relative Risk of Death Relative Risk of Death
1.2 1.2 .
Light sports Vigorous sports
1 1 ?
-
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2

None 1-2 hours 3+ hours None 1-2 hours 3+ hours




Exercise Physiology

Myocardial Injury and Ventricular Dysfunction Related
to Training Levels Among Nonelite Participants in the
Boston Marathon

Tomas G. Neilan, MD: James L. Januzzi, MD: Elizabeth Lee-Lewandrowski, PhD:
Thanh-Thao Ton-Nuo, MD: Danita M. Yoerger, MD: Davinder 5. Jassal, MDx
Kent B, Lewandrowski, MD: Arthor 1. Siegel. MD: Jane E. Marshall, RDCS: Pamela 5. Douglas, MDx
David Lawlor. MD: Michael H. Picard. MD: Malissa J. Wood, MD

_| | p<0.001 |

4:281+0:39 | 4:05+0:41 § 3:45+0:21

E
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’._.
-
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o
p=0.008 p=0.87
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) I I ] ] | T
Pre Post Pre Post Pre Post

Circulation 2006:114:2325-2333
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Sport is a TRIGGER of ventricular
arrhythmias in athletes with heart disease

Marc-Vivien Foé, Kamerun

T FIFA Confederations Cup 2003
Stade de Gerland, Lyon France

gy w’

Vigorous activity, Underlying Sudden cardiac
competition heart disease death




Epidemiology and Prevention

Incidence of Sudden Cardiac Death in National Collegiate
Athletic Association Athletes

Kimberly G. Harmon, MD; Irfan M. Asif, MD: David Klossner, ATC, PhD; Jonathan A. Drezner, MD

Overall: 2.28/100,000/Year
Female athletes: 1.30/100,000/Year
Male athletes: 3.02/100,000/Year

| Heat stroke

1%

Meningitis . &
1% y <L~ 5 e

J, 7F
>y M?[g{(,.“ xd

100,000/Year

Other medical _ Sicklecel
o

3%

Cancer
7%

Cardiac
16%

unknown
2%

Accidents
51%

Homicide
b%

Drug Overdose
2%

Circulation. 2011:123:1594-1600.




Is sport a PROMOTER of

arrhythmias in healthy athletes?

Exercise Conditioning

Reduced right ventricular ejection fraction in endurance
athletes presenting with ventricular arrhythmias: a

R 3 A Long-Term Clinical Consequences of
quantitative angiographic assessment

Intense, Uninterrupted Endurance Training
in Olympic Athletes

Joris Ector, Javier Ganame, Nico van der Merwe, Bert Adriaenssens, Laurent Pison, Rik Willems,

Marc Gewillig, and Hein Heidblichel*
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Inflammation and atrial remodeling after a mountain marathon

M. Wilhelm'#, T. Zueger™, S. De Marchi', S. F. Rimoldi', N. Brugger', R. Steiner”, C. Stettler’, J.-M. Nuoffer*,
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Jungfrau Marathon 2010
10 athletes
mean age 354 years
. Friedman-test, p <0.001 VO,peak
- AL 66.8 + 5.8 ml/min/kg
3 i Depletion of 0 i e i race time
%“’" glycogen storages 243.9 £ 17.7 min
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Risk of arrhythmias in 52 755 long-distance
cross-country skiers: a cohort study

Kasper Andersen'*, Bahman Farahmand?3, Anders Ahlbom?, Claes Held',
Sverker Ljunghall!, Karl Michaélsson4, and Johan Sundstrom’!

“Among male participants of a 90 km cross-country skiing
event, a faster finishing time and a high number of completed
races were associated with higher risk of arrhythmias. This was
mainly driven by a higher incidence of atrial fibrillation and
bradyarrhythmias. No association with ventricular fibrillation

or cardiac arrest was found.”




Longevity of men capable of prolonged vigorous physical exercise: a
32 year follow up of 2259 participants in the Dutch eleven cities ice
skating tour |

Jan L C M van Saase, Willy M P Noteboom, Jan P Vandenbroucke
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TABLE 11— Mortality in participants in the Dutch eleven cities 1ce skating race and tour

Years of follow up Ratio
. All (95% confidence interval)
0-9 10-19 20-29 30-32  participants  of observed to expected deaths

Race participants:

Fimished within time limit (n=100) : 4 365 8 809 : 14/ 15-58 0-90(0-48 1o 1-44)
Not finished within time limit (n=140 ‘ I/ 79 12/ 1778 : 20/ 3365 0-59 (0:36 10 0-89)

our participants: :
Finished within time limit (n=953) 916:70 27/ 3947 63/ 8546  21/24:85  120/166-46 072 (0-60 10 0-86)
Not finished within time limit (n=936) 112277 47/ 5383 86/103-29  23/27-76 167/207-65 0-80(0-68t00-93)

Total (n=2129) 23/43-69 79104-80  169/214-53  50/59-99 321/423-01 0:76 (0-68 to 0-85)




Cardiovascular Effects Of IntEHSiVE Lif‘estyle Table 1. Characteristics of the Patients at Baseline.*
1 1 1 Control G Int tion G
Intervention in Type 2 Diabetes asislie R tymaty T
The Look AHEAD Research Group# Age —yr 58.9+6.9 58.6+6.8
Female sex— no. (%) 1537 (59.7) 1526 (59.4)
Race or ethnic group — no. (%)
Black 404 (15.7) 400 (15.6)
I nte rve ntion : Na.tive Amer.ic.an 128 (5.0) 130 (5.1)
Asian or Pacific Islander 1 (0.8) 29 (1.1)
i Welght |OSS White 1631 (63.3) 1621 (63.1)
° g08| _10% (mean _7%) Hispanic 340 (13.2) 340 (13.2)
Other 51 (2.0) 0(1.9)
o Meal replacement prOdUCtS History of cardiovascular disease — 348 (13.5) 366 (14.2)
. . . . no. (%)
* Pyhsical activity increase Use ofinsulin—no. () woaes 382054
° 175 m|n/Week moderate IntenSIty Current smoking — no. (%) 110 (4.3) 117 (4.6)
Median duration of diabetes (inter- 5.0 (2.0-10) 5.0 (2.0-10)
* 10,000 steps per day quartile range) —yr
o Lf I ” . Weight — kg 101+19 10120
I eSty € counce Ing SESSIoNS Body-mass index9 36.0+5.8 35.9+6.0
b Month 1—6: 4/Week Waist circumference — cm 114+14 114+14
Glycated h lobin— % 7.3+1.2 7.2+1.1
* Month 7-12: 3/month i ——
ood pressure — mm Hg
* Year 2+: individual 1/month systolic 129:17 128217
2_3 ea rl rou C|asseS Diastolic 70.4+9.6 69.9+9.5
y y g p Cholesterol — mg/dI
Medication adjustments by the High-density lipoprotein 43.5+12 43.4212
. » . Low-density lipoprotein 112+32 112+32
patlents health Care prO\"der Median triglycerides (interquartile 152 (107-218) 155 (110-221)
range) — mg/d|

N Engl ] Med 2013.
DOI: 10.1056/NEJMoal212914
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Wichtigstes Ziel:
Motivation aufrechterhalten zur regelmassigen
Aktivitat mit ausreichender Intensitat
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Take home message:
«Exercise as Medicine»

Monotherapie in der Primarpravention von
Herzkreislauf- und Krebserkrankungen mit sehr
gutem Nutzen/Nebenwirkungs-Verhaltnis,
auch bei hoher Dosierung.

Kombinationstherapie in der Sekundarpravention.
Erganzung, aber kein Ersatz fur evidenzbasierte
Medikamente.

Muss regelmassig «eingenommen» werden.

Muss manchmal bitter schmecken, sonst nutzt sie
nichts.



