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Fithess and Cardiovascular Mortality
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Longitudinal Decline in Exercise Capacity per Decad

Peak VO., in ml/ min (at age and gender adjusted means)
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o After age 40, adults lose
~ 1 Ib of muscle mass/year

By age 80, the number of
type 2 skeletal muscle fibers
IS reduced by 50%







Author \ EF (%) Duration (weeks) Intensity

Conn, et al. 1982 10 29 5-8 70%-80% HR
Sullivan, et al. 1988 12 24 16-24 75% VO,

Jette, et al. 1991 7 24 4 70%-80% HR
Meyer, et al. 1991 @ 12 23 6 70 — 80% HR

Coats, et al. 70%-80% HR

Improevements |
Belardinelli, et al. 1995 36 28 60% VO,
Hambrecht, et al. 1995 12 26 24 70% VO,
Keteyan, et al. 1996 @ 15 21 24 60%-80% HR
Kavanaugh, et al. 1996 = 15 22 52 50%-60% VO,
Kiilavuori, et al. 1996 12 24 24 50%-60% VO,
Wilson, et al. 1996 @ 32 23 12 60-70% HR
Demopoulos, et al. 1997 16 21 12 50%-80% VO,
Dubach, et al 1997 12 32 8 70%-80% VO,
Meyer, et al 1997 18 21 3 50% VO,
European Heart Failure 1998 134 25 6-16 70%-80% HR
Training Group
Hambrecht, et al 1998 10 24 24 70% VO,
Benardinelli, et al 1999 50 28 52 60% VO,
Braith, et al. 1999 10 30 16 70%-80% VO,
Hambrecht, et al 2000 73 27 60%-80% HR
McKelvie, et al 2002 181 <40 70% VO,
Adamopolous, et al 2002 24 23 60%-80% HR
Giannuzi, et al 2003 90 25 24 60% VO,
Roveda, et al 2003 16 35 16 HR 10%<VAT
Gielen, et al. 2003 = 20 25 24 70% VO,

HF ACTION 2009 1159 25 52 70% HRR




Exercise modulates
many biologic
domains to confer
cardioprotection.

Modification of
cardiovascular risk
factors

Thrombosis
Autonomic tone
Endothelial function
Inflammation

Undiscovered
mechanisms




Cardiovascular Risk Factors:
Hypertension




Exercise and Blood Pressure:

Meta-analysis of 54 Randomized Controlled Trials
Including 2419 participants

Average BP reduction: -4 /-3 mm Hg

Whelton, et al. Ann.Int.Med 136:493: 2002




Cardiovascular Risk Factors:
Hyperlipidemia




Effects of Amount and Intensity of Exercise on Lipproteins

12 miles/wk 12 miles/wk 20 miles/wk
@4 mph @6 mph @6 mph




Change in LDL particles with exercise

Kraus, et al. NEJM 347:1483;2002




Change in HDL -C with exercise

12 miles/wk 12 miles/wk § 20 miles/wk

Kraus, et al. New Eng.J. Med. 2002347:1483




HDL and Adiposity in Monozygotic Twins
Discordant for Exercise

e Sharing the same genes is sufficient to
bestow a desirable level of HDL in the
absence of activity. This can be further

improved by the addition of vigorous
activity.

HDL increases by ~1 mg/dl per every 5
miles run/wk

« 35 MZ twin pairs discordant for exercise by >20asiweek
— Active ~40 miles/week
— Mostly sedentary ~ 4miles/wk




Cardiovascular Risk Factors:
Obesity




280 calories

*Walk 5 km
Climb 1,500 steps

30 minutesof
Nlele[o]lgle

esWimming

1 hourof
Cleaning house
*Baseball

egolf




Resistance Exercise and Weight Loss

Resistance training on average adds-2 kg new
muscle mass

Theoretically, each 1 kg of new muscle mass
expends 21 kcal/hour

Resistance training in men and women

— Increases resting caloric expenditure

— Reduces visceral fat

— Does not change body weight but changes body
composition

Braith and Stewart, Circulation 2006;113:2642
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Endothelial Function







Exercise Training in in Stable Coronary Artery Dise  ase:
Effects on Myocardial Perfusion

Schuler, Hambrecht et al.; Circulation 1992;86:1-11. Courtesy of R.Hambrecht



Exercise and Heart Failure: Endothelial Function

Femoral Artery Flow

Hambrecht, et al Circulation 98: 1998




Exercise and Endothelial Function:
Systemic Effects of Lower Limb Training

Radial Artery Diameter: Response to ACh

L VEF 26 + 3%

«Stationary Cycle: 60min/day/4weeks
Linke, Hambrecht, et al JACC 37: 392;200




Exercise and Endothelial Function

Coronary Artery Flow

19 pts with endothelial dysfunction
10 exercise training
9 control
Measured responses to intracoronary
acetylcholine
sInitial evaluation
4 weeks
*Results: Exercise group
*54% reduction in constrictive
response
sincrease in coronary blood flow

Hambrecht, et al. NEJM 342:454:2000




What are the mechanisms by
which exercise affects

endothelial function?




Balance of Oxidative Stress and NO
INn the Vasculature

ROS-mediated signals _ _
H,0,, O, NO-mediated signals

Vasoconstriction, platelet aggregation
matrix production
SMC collagen and protein symnthesis

\/asodilation, platelet inhibition
SMC senescence

Vascular Homeostasis




Courtesy of R.Hambrecht

Linke, et al Circulation 2005; 111:1763




Balance of Oxidative Stress and NO
INn the Vasculature

NO-mediated signals

Angiotensin |

Vasodilation, platelet inhibition
SMC senescence

NAD(P)H Oxidase




Exercise Training and Oxidative Stress:
evaluation of LIMA rings

NAD(P)H Oxidase

Angiotensin || Reactive Oxygen Species




Exercise and Nitric Oxide Production:
Stimulation of Akt kinase “activated” eNOS

Dimmeler S. Circulation 2003; 107: 3118







Balance of Oxidative Stress and NO
In the Vasculature

NO-mediated signals

Angiotensin |

& odilation, platelet inhibition
SMC senescence

NAD(P)H Oxidase




Summary of Effects of Exercise on Myocardial
Perfusion and Endothelial Function

e Exercise training improves blood flow in both coromary
and peripheral arteries.
— Increased exercise capacity
— Reduced myocardial ischemia

Improvement in blood flow is at least in part due ©
Improvements in endothelial function with exercise.

Modification of risk factors that impair endothelial function
Reduction of inflammation
Reduction in oxidative stress

Sheer stress-induced increase in AKT kinase leadirtg
Increased nitric oxide release

Increase in release of endothelial progenitor cells

Improvement in endothelial function may be linked b
the more favorable prognosis observed in patients wh

exercise.




Exercise Prescription




Basic Exercise Prescription

o premoete and maintaimn: healtq,
everny adult sheuld periorm
moederate Intensityphysical actvity,
for 30-60 minutes, 5 days/week
OR

VIgOreus Intensin/activity,
for 20 minutes, 3 days/week

Circulation 116:1081; 2007




Exercise and Physical Activity Intensity

Light: <3 METs
Moderate: 3-6 METSs
Vigorous: > 6 METs




Relative Intensity

Maximum Heart Rate (estimate): 220-age




Endurance vs Resistance Training: Benefits

Braith and Stewart, Circulation 2006;113:26¢




For more information

e WWW.americanheart.org

—Scilentific publications

e Statements and guidelines
—EXercise







Endothelial Progenitor Cells

Endothelial Progenitor Cells

* bone marrow derived cells
Enhance angiogenesis
*Promote vascular repair
eImprove endothelial function
Inhibit atherosclerosis

Hill, et al. NEJM 2003; 348: 593




Exercise Training and

Endothelial Progenitor Cells:
Flow Mediated Dilation and Nitric Oxide

Flow Mediated Dilation Nitric Oxide

Steiner, et al. Atherosclerosis 2005:181:305-31(




