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• Exercise is good medicine!

• Dose-response of exercise and 

     overall health

• Acute effects of exercise on the 

     cardiovascular system

• Cardiovascular (mal)adaptation to chronic exercise

Outline 



Running – When Can It Be Too Much Of A Good Thing?

• Concern regarding effects of repetitive joint loading on development and progression of OA 
remain in question

• History of recreational running does not appear to increase risk of incident knee or hip OA 
(Timmins KA, Batt MA, et al. Am J Sports Med 2017, Miglorini F et al. Sports Med Arthrosc 
Rev 2022) or accelerate OA progression (Lo GH et al. Arthritis Care & Res 2017)

• A dose-response with sedentary individuals and competitive runners potentially having an 
increased risk of knee OA (Driban JF, Hootman JM et al. J Ath Training 2017)

• 24 studies using MRI measured change in hip or knee articular cartilage within 48 hours 
pre- and post-running

• 446 knees evaluated (all subjects less than 40 years of age)

• Risk of bias judged to be low

• Knee cartilage thickness and volume decreased immediately after running (3.3 to 4.9%), 
with recovery by 90 mins post-run

• Changes in patellofemoral cartilage generally larger than changes in tibiofemoral cartilage

• Current thinking – there is an optimal loading pattern (exercise dose), too little is harmful, 
too much may be problematic (U shaped curve)

Mean age 56.9 ± 9.2 years.

 

Is running good or bad for your knees? A systematic review and meta-
analysis of cartilage morphology .. And patellofemoral joints. Coburn et al 
O&C 2022.
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“In view of the prevalence, global 
reach and health effect of 
physical inactivity, the issue 
should be appropriately 
described as pandemic, with far-
reaching health, economic, 
environmental and social 
consequences.”

Steve Blair 
pedometer step 
data by age (A) 
and months of 
the year (B).

An Enduring Legacy – Stephen Blair, PhD



Physical Inactivity: 4th Leading Risk Factor for 
Global Mortality

60% of global 
deaths due to 

NCDs

https://www.who.int/healthinfo/global_burden
_disease/GlobalHealthRisks_report_full.pdf

https://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
https://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf


US 2021: Leading Causes of Death

CDC 2021

Physical INACTIVITY-related diseases !!! 

The 10 leading causes of death in 2021 were: 

1. Heart Disease  

2. Cancer (Malignant neoplasms) 

3. COVID-19

4. Accidents (unintentional injuries)

5. Stroke (Cerebrovascular diseases)

6. Chronic lower respiratory diseases

7. Alzheimer’s disease 

8. Diabetes 

9. Chronic liver disease and cirrhosis

10. Nephritis, nephrotic syndrome and nephrosis (kidney disease) 

https://www.cdc.gov/nchs/products/databriefs/
db395.htm



Topic 2 – Dose-Response Of Exercise And 
Overall Health
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Ascending the first mountain, Pen-y-Ghent  (Pete Hartley)

http://www.iaaf.org/mm/photo/competitions/competition/1climbingpenyghentinthe2003race_2247_full-lnd.jpg


Optimal Dose of Running for Longevity – Is More 
Better?

• The Copenhagen City Heart Study Schnohr et al 2015

• 1,098 health joggers and 3,950 healthy nonjoggers followed 
since 2001 

• Compared with sedentary nonjoggers, 1 to 2.4h of jogging per 
week associated with lowest mortality

• Optimal frequency of jogging was 2 to 3 times/week

• Joggers – divided into light, moderate, and strenuous (self-
reported pace, quantity, frequency)

• Lowest hazard ratio was found in the light joggers…

An athlete cannot run with money in his 
pockets. He must run with hope in his heart 
and dreams in his head.
   Emil Zatopek



Optimal Dose of Running for Longevity – Is More 
Better?



Fig 5 

Progress in Cardiovascular Diseases 2017 60, 45-55DOI: (10.1016/j.pcad.2017.03.005) 

Copyright © 2017 Elsevier Inc. Terms and Conditions

Lee et al Prog Cardiovas 
Dis 2017

Optimal Dose of Running for Longevity – Is 
More Better or Worse?

http://www.elsevier.com/termsandconditions


Is There A Recommended Dose Of Exercise For 
Optimal Health?
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Paluch AE et al. Daily steps and all-cause mortality: a meta-

analysis of 15 international cohorts. Lancet 2022.

• Goal of 10,000 steps per day commonly cited to promote optimal health

• Monitoring daily steps more feasible than ever

• Meta-analysis of 15 studies including 47,471 adults to determine association between number of 
steps per day and stepping rate with all-cause mortality

• 3013 deaths over a median follow-up of 7.1 years
• 4 quartiles; Q1 – 3553, Q2 – 5801, Q3 – 7842, Q4 

– 10,901 
• Adjusted hazard ratio for all cause mortality was 

0.6 for Q2, 0.55 for Q3, and 0.47 for Q4
• Women < 60 years plateau around 7500 steps per 

day
• Women > 60 years effects seemed to persist



17

Is There A Recommended Dose Of Exercise?

Merghani A, Malhotra A,  Sharma S. Trends in Cardiovascular Medicine 2016.
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Topic 3 - Acute Effects Of Exercise On The 
 Cardiovascular System



23

The Athlete’s Heart

Merghani A, Malhotra A,  Sharma S. Trends in 

Cardiovascular Medicine 2016.

















Topic 4 – Cardiovascular (Mal)adaptation To 
Chronic Exercise 
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Aaron L. Baggish, MD, 
and Benjamin D. Levine, MD

• Dose-response relationship between exercise and health outcomes incompletely 
understood

• Highly fit athletes have reduced risk of SCD and development of heart failure with 
little evidence of plateau at high levels of fitness (Al-Mallah MH et al 2016)

• Long-term, high-volume endurance exercise may accelerate rather than reduce 
coronary atherosclerosis (Mohlenkamp S et al 2008)

• Merghani et al – 152 competitive cyclists and runners and age-matched control 
cohort without known risk factors

• CT angiography – 60% of athletes and 63% control participants no demonstrable CAC

• Male athletes higher prevalence of plaque with luminal irregularity (44% vs 22% in 
controls)

• “Although the majority of aging endurance athletes demonstrate no appreciable CAC, 
athletic men are more likely than normally active men to have calcific coronary 
plaques despite absence of traditional risk factors”





• Lifelong middle-aged athletes had 
more coronary plaques, including 
more calcified and mixed and 
plaques in proximal segments 
with significant luminal stenosis, 
than fit and healthy individuals 
with a similarly low CV risk profile
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Is There A Recommended Dose Of Exercise For 
Optimal Health?

Merghani A, Malhotra A,  Sharma S. Trends in Cardiovascular Medicine 2016.
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