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General physical activity

Arem. JAMA Intern Med. 2015
Kraus. Med Sci Sports Exerc. 2019

Conclusions
• Large reduction of all-cause mortality
• Modest amount of exercise is 

beneficial
• Large amount of exercise is not 

harmful



Gaesser. 
BMJ – Christmas special. 2022



Exercise-based cardiac rehabilitation





• Cochrane review (2021)
– 85 RCTs of exercise based interventions compared with ‘no exercise’  
– Almost 25,000 patients with coronary heart disease

• Short-term FUP (6-12months)
– All-cause mortality RR 0.87 [0.73-1.04]
– Myocardial infarction RR 0.72 [0.55-0.93] 
– All-cause hospitalization RR 0.58 [0.43-0.77]
– No difference in cardiovascular mortality, and revascularization procedures

• Medium-term FUP (12-36months)
– Cardiovascular mortality RR 0.77 [0.63-0.93]

• Long-term FUP (>36 months)
– Cardiovascular mortality RR 0.58 [0.43-0.78]
– Myocardial infarction RR 0.67 [0.50-0.90]

• Improvement in QoL



Moderate vs. high-intensity training (HIT)

• SAINTEX-CAD study

– High-intensity training (AIT) vs moderate intensity training (ACT) 
3x/week for 12 weeks

– 200 randomized patients with coronary artery disease

• 90% male, mean age 58.4 years

• Dropout 13% in each group

– Outcomes: peak VO2, peripheral endothelial function, cardiovascular 
risk factors, quality of life and safety

Conraads. IJC. (2015).



SAINTEX-CAD study

🁢 = AIT      🁢 = ACT

Conraads. IJC. (2015).

• Seconday outcomes
• ▲ peripheral endothelial function

• ▲ HDL

• ▼ diastolic blood pressure

• ▼ hsCRP

• ▲ Quality of life (SF-12)

• No differences between both training modalities

• No safety issues



Moderate vs. high-intensity training (HIT)

• HIT

– Greater improvement in VO2 max 

– More time-efficient 

– Adherence after termination of CR?

– Clinical relevance?

Key in exercise-based CR is the total energy expenditure rather than 
the specific training characteristic



Resistance training: does it matter?

• Low muscular strength is a risk factor for all-cause and 
cardiovascular death

• Resistance training is associated with lower mortality



Saedifard. Eur J Prev. 2019



Resistance training: 
does it matter?

Naci. Br J Sports Med. 2019



Resistance training in coronary artery disease

• Resistance exercise; 2-3 times/week

– Upper body: 8-10 repetitions of 30-70% of the 1 repetition maximum 
(1RM)

– Lower body: 12-15 repetitions of 40-80% of 1RM



Resistance training in coronary artery disease

• Systematic review (n=38 RCTs, n=2,465 patients)

– Resistance training (RT) + aerobic training (AT) vs AT, and RT vs AT

– Outcomes: VO2max, peak VO2, Quality-of-Life

Fan. Front. Cardiovasc. Med. 2021





Summary

• Cardiac rehabilitation
▼ Reduction in all-cause and cardiovascular mortality
▼ Reduction in recurrent hospital admissions
▲ Improves exercise capacity
▲ Improves quality-of-life

• Exercise-based CR
– Key is the total energy expenditure and not the type of exercise

• Resistance training 
▼ Reduces all-cause mortality
▼ Reduces systolic blood pressure
▲ Improvement of VO2 and QoL in CR



ESC guideline recommendations 



Cardiac rehabilitation in coronary heart disease

Indications CR referral

• Acute coronary 
syndromes

• Undergoing reperfusion

• Chronic coronary 
syndromes

Key components of CR

• Screening cardiovascular risk factors

• Physical activity counselling

• Exercise training

• Diet/nutritional counselling 

• Risk factor control
• LDL < 1.4mmol/L
• BMI 18.5-25kg/m2
• Blood pressure < 140/90mmHg

• Patient education

• Psychosocial management



Physical activity

Visseren. Eur Heart J (2021).



Cardiac rehabilitation

Visseren. Eur Heart J (2021).



Challenges in cardiac rehabilitation

• Missed referrals

• Practical issues 

• Logistical issues

• Time issues

OCRE 2.0. ESCardio.org



8 countries: mandatory
13 countries: non-existent
21 countries: optional



Remote cardiac rehabilitation programme

Rehab+ programme

• Prospective, observational, control-matched trial

• Study sample 900 ACS patients 

• 1:2 mobile telemonitoring vs regular programme

• Primary endpoint: QoL at 1 year measured by the SF-36 
questionnaire

• Actual inclusions: >200



Cost-effectiveness



Fidan. Q J Med. 2007

Costs per life-year gained (LYG)

Aspirin and beta-blockers (secondary prev) <£1000

ACE-inhibitor £3398

Statins (primary prev) £14557

Statins (secondary prev) £4246

Primary angioplasty for myocardial infarction £6054

Angioplasty  (elective) £3845

CABG £3239

Cardiac rehabilitation £1957



Cost-effectiveness of CR

• 2018 systematic review including 19 economic studies regarding CR

• Cost conversion to 2016 US Dollar

• General CR vs no CR 
– Positive net cost, but all showed an increase in health

– Incremental cost-effectiveness ratio range from USD 1065 – 71755 per 
QALY

– Exercise-based CR vs no CR was most cost-effective; 
• USD 1065 per QALY, 

• USD 2555-3367 per LYG



Take Home messages

• Cardiac rehabilitation is beneficial in terms of

– Clinical outcomes

– Quality-of-life

– Health-related costs

• Exercise is of vital importance

– Key is the total energy expenditure

– Resistance training does matter
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