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Abbreviation 

ACM = all-cause mortality 

AF = atrial fibrillation 

CVM = cardiovascular mortality 

Fitness = cardiorespiratory fitness 

HRs = hazard ratios 

METs = metabolic equivalents 

PA = physical activity 

SCD = sudden cardiac death 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

To the Editor:  

The debate exists on whether the dose-response relation between physical activity (PA) 

and mortality benefits is in fact curvilinear, U-shaped, or J shaped curve.1,2 Cardiorespiratory 

fitness (fitness), highly reflective of habitual PA, is a strong protective of varied adverse health 

outcomes including cardiovascular disease (CVD)3,4 and is also associated with lower health 

care costs.5 It has been suggested that high fitness levels may be at least as important as lower 

body mass index in CVD prevention.6 However, there is still uncertainty whether an upper limit 

or plateau exists for the cardioprotective effects of increased levels of fitness.4 In this study, we 

aimed to evaluate the dose-response relationship between fitness and cardiovascular outcomes 

and to identify the upper threshold of benefit due to increasing levels of fitness. 

Patients and Methods. 

The study included 2,368 subjects (aged 42-61 years) from an ongoing population-based 

prospective cohort study in eastern Finland (the Kuopio Ischemic Heart Disease Study). Fitness 

was directly measured via peak oxygen uptake (VO2peak, ml/kg/min) during an electrically 

braked cycle ergometer exercise test to volitional fatigue/exhaustion. VO2peak was defined as 

the highest attained value for oxygen consumption and/or a plateau in oxygen uptake at 

maximal exercise, and expressed as metabolic equivalents (METs; 1 MET = 3.5 mL 

O2/kg/min). Levels of fitness were categorized according to peak metabolic equivalents (<5 

[the lowest], 5-6.9, 7-8.9, 9-10.9, 11-13, and >13 METs [the highest]) attained. The outcomes 

were defined as all-cause mortality (ACM), cardiovascular mortality (CVM), sudden cardiac 

death (SCD) and atrial fibrillation (AF) ascertained from hospital notes and discharge lists, 

death certificates, informant interviews, health practitioner questionnaires, electrocardiograms, 

medico-legal reports and vital statistics offices from study enrollment until the end of 2014. To 



characterize shapes or the dose-response nature of the associations, hazard ratios (HRs) were 

calculated within the categories of baseline peak METs and plotted against mean peak 

metabolic equivalent within each category using floating absolute risks. 

Results. 

During a median follow-up of 25 years (interquartile ranges: 18-27 years), 1,116 ACM, 

512 CVM, 221 SCD, and 440 AF occurred, respectively. The figure 1 shows the dose-response 

nature of the relationships between levels of peak METs and cardiovascular outcomes. After 

adjusting for age, body mass index, smoking, systolic blood pressure, total cholesterol, glucose, 

C-reactive protein, and PA level, the risk of ACM decreased gradually with increasing peak 

METs in a continuous dose-response manner across the whole range of peak METs. For both 

CVM and SCD, the risks decreased with increasing peak METs up to 9.9 METs, beyond which 

there were no further decreases in risks. However, for SCD, there was no significant benefit at 

peak METs > 13 METs. The relationship between peak METs and AF appeared U or reverse J 

shaped, and the upper threshold of risk reduction occurred at 9.9 METs, with no significant 

benefit at > 13 METs.  

Discussion. 

Our novel findings indicate that there is no upper limit of ACM benefit associated with 

increased levels of fitness. The upper threshold of CVM, SCD, and AF benefits occurred at 9.9 

METs, suggesting that this fitness level confers multiple cardioprotective effects in middle-

aged men aged 42 to 61 years. We observed that higher fitness, measured directly using the 

gold-standard method of expired gas analysis during cardiopulmonary exercise testing, was 

associated with decreased ACM in a linear dose-response manner with no evidence of a 

threshold effect; a finding which is in line with a previous report of no upper threshold for 

ACM benefit associated with increased levels of indirectly estimated fitness.7  Therefore, it 

should be emphasized that higher fitness is largely associated with reduction in the risk of ACM 



(“higher is better”). The dose-response relation between PA level and CVM benefits is 

consistent with a curvilinear or a reverse J shape according to recent meta-analysis.1,2 Our 

results appear similar to that of previous studies and we observed the risk reduction of CVM 

and SCD with increased fitness occurred at a peak of about 10 METs, largely consistent with 

an L shaped curve. However, there was neither additional risk reduction nor evidence of harm 

observed beyond this point. Though at fitness levels > 13 METs, there was still significant 

benefit for CVM, there was no benefit for SCD. Therefore, it should be emphasized that CVM 

and SCD benefits were attenuated at the highest level of fitness (“higher is not always better”). 

A meta-analysis and recent state-of-the-art review of AF indicated an inverse association 

between fitness and the risk of AF.8,9 However, it is unclear whether higher fitness results in 

the greater benefit or little is known about the point of fitness where the benefits diminish or 

there is a decrease in the risk of AF. We observed a reverse J shaped relationship between fitness 

and AF, and the upper threshold of risk reduction benefit occurred at 9.9 METs, with no 

additional risk reduction observed beyond this point. These results are potentially consistent 

with previous studies, which demonstrate that extreme levels of PA increase the risk of AF.10 

  

Conflict of Interests 

The authors report no conflict of interests.  

 

Keywords: Cardiorespiratory Fitness, dose response relation, mortality  

 

 

 

 



 

Sae Young Jae (Department of Sport Science, University of Seoul, Seoul, South Korea) 

Signature:  

Sudhir Kurl (Institute of Public Health and Clinical Nutrition, University of Eastern Finland, 

Kuopio, Finland) 

Signature:  

Hyun Jeong Kim (Department of Sport Science, University of Seoul, Seoul, South Korea) 

Signature:  

Barry A Franklin (Preventive Cardiology and Cardiac Rehabilitation, William Beaumont 

Hospital, Royal Oak, MI, USA) 

Signature:  

Setor K Kunutsor (Translational Health Sciences, Bristol Medical School, Southmead 

Hospital, University of Bristol, UK) 

Signature:  

Mira Kang (Center for Health Promotion, Samsung Medical Center, Sungkyunkwan 

University School of Medicine, Seoul, South Korea) 

Signature:  

Jari A Laukkanen (Institute of Public Health and Clinical Nutrition, University of Eastern 

Finland, Kuopio, Finland) 

Signature:  

 

 

 

 

 



 

1. Zubin Maslov P, Schulman A, Lavie CJ, Narula J. Personalized exercise dose prescription. 

Eur Heart J. 2018;39(25):2346-2355. 

2. Arem H, Moore SC, Patel A, et al. Leisure time physical activity and mortality: a detailed 

pooled analysis of the dose-response relationship. JAMA Intern Med. 2015;175(6):959-967. 

3. Lavie CJ, Kokkinos P, Ortega FB. Survival of the fittest-promoting fitness throughout the 

life span. Mayo Clin Proc. 2017;92(12):1743-1745. 

4. Harber MP, Kaminsky LA, Arena R, et al. Impact of cardiorespiratory fitness on all-Cause 

and disease-specific mortality: advances since 2009. Prog Cardiovasc Dis. 2017;60(1):11-20. 

5. Myers J, Doom R, King R, et al. Association between cardiorespiratory fitness and health 

care costs: the veterans exercise testing study. Mayo Clin Proc. 2018;93(1):48-55. 

6. Pandey A, Patel KV, Lavie CJ. Obesity, central adiposity, and fitness: understanding the 

obesity paradox in the context of other cardiometabolic parameters. Mayo Clin Proc. 

2018;93(6):676-678. 

7. Feldman DI, Al-Mallah MH, Keteyian SJ, et al. No evidence of an upper threshold for 

mortality benefit at high levels of cardiorespiratory fitness. J Am Coll Cardiol. 2015;65(6):629-

630.  

8. Zhu W, Shen Y, Zhou Q, et al. Association of physical fitness with the risk of atrial fibrillation: 

a systematic review and meta-analysis. Clin Cardiol. 2016;39(7):421-428.  

9. Lavie CJ, Pandey A, Lau DH, Alpert MA, Sanders P. Obesity and atrial fibrillation 

prevalence, pathogenesis, and prognosis: effects of weight loss and exercise. J Am Coll Cardiol. 

2017;70(16):2022-2035. 

10. Elliott AD, Linz D, Verdicchio CV, Sanders P. Exercise and atrial fibrillation: prevention 

or causation? Heart Lung Circ. 2018;27(9):1078-1085.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The hazard ratios of all-cause mortality, cardiovascular mortality, sudden cardiac 

death, and atrial fibrillation according to increased cardiorespiratory fitness levels after 

adjusted for age, body mass index, smoking, systolic blood pressure, total cholesterol, glucose, 



C-reactive protein, and physical activity, 

 

 



 

  

  
 


