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Cardiorespiratory fithess and muscular strength in late
adolescence protects against long-term heart failure risk
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Physical fitness is one of the strongest predictors of
cardiovascular (CV) disease (CVD) and all-cause morbidity
and mortality (1). Cardiorespiratory fitness (CRF), and
more recently muscular strength (MusS), have been
increasingly recognized in the pathogenesis and prevention
of chronic diseases (1).

Although some genetic effects may be present, the
amount and intensity of physical activity (PA) and exercise
training (ET) are the major determinants of CRF, which is
one of the strongest risk factors for CVD (2-5). Preserved
levels of CRF are associated with favorable prognosis in
patients with chronic diseases, including hyperlipidemia,
hypertension (HTN), and type-2 diabetes mellitus, to such
degree that patients with these disorders but with higher
levels of CRF have a considerably better prognosis than
patients without these disorders but with lower levels of
CRF (3-5). Patients with most CVD and higher levels of
CRF have lower mortality than patients without CVD
but with lower levels of CRF (6,7). Several studies have
also indicated that CRF markedly alters the relationship
between obesity and prognosis in both coronary heart
disease (CHD) and heart failure (HF) with only those
patients with the lowest CRF demonstrating an obesity
paradox (6,8) (Tubles 1,2).

The major determinant of MusS is muscle-strengthening
exercises, however, MusS is also influenced by other
factors, including age, gender, genotype, nutritional
factors, and subclinical disease (1). As we have reviewed (1),
observational studies have suggested in middle-age adults
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an independent protective effect of MusS on all-cause and
cancer mortality, as well as all-cause mortality in men with
HTN and in patients with HF. MusS has also been inversely
associated with age-related weight and adiposity gains,
risk of HTN, and prevalence and incidence of metabolic
syndrome. In children and adolescents, higher levels of
MusS have been inversely associated with insulin resistance,
clustered cardiometabolic risk factors and inflammatory
proteins. Higher levels of MusS also seem to some extent
counteract the adverse CV profile of overweight and obese
individuals.

In different population studies, MusS and CRF have
been shown to be only moderately correlated (r: ~0.3-0.4),
indicating that MusS may prevent CVD at least partially
through biological pathways different than those associated
with CRF (1).

In a recent issue of European Fournal of Preventive
Cardiology, Lindgren et al. (9) analyzed data from a cohort
of >1.2 million Swedish adolescents of average age 18 years,
followed for an average 28 years. In this study they found
an inverse association between CRF levels in adolescence
and future risk of HF (adjusted hazards ratio: 1.60; 95%
confidence interval: 1.44-1.77). They also found that having
low MusS was associated with risk of HF comparable with
that of having low CRF (adjusted hazards ratio: 1.45; 95%
confidence interval: 1.32-1.58). This study was notable in
that although there have been previous studies investigating
the impact of CRF and MusS on HF in middle-aged or
older people, there are few studies of adolescents.
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Table 1 Potential benefits of cardiorespiratory fitness on prognosis
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Table 2 Potential benefits of exercise training on heart failure

Physiological benefits

Reduced
Blood pressure
Blood and plasma viscosity
Systemic inflammation
Visceral adiposity
Myocardial oxygen demands

Increased
Myocardial function
Mitochondrial density
Capillary density
Maintenance lean mass

Improved
Heart rate variability
Endothelial function
Insulin sensitivity
Mood and psychological stress
Sleep

Reduced risk of developing

Hypertension

Diabetes mellitus

Metabolic syndrome

Osteoporosis

Osteoarthritis

Depression

Dementia and Alzheimer disease

Breast, colon, and other cancers

CVD is now recognized as partly a pediatric problem
because the formation of atherosclerotic plaques is known
to start in early childhood (1). Timing of interventions
is critical and should focus on primordial prevention,
preventing risk factor development in the first place, followed
by primary prevention, modification of risk factors once
they are established. Extensive evidence supports current
United States (US) youth PA guidelines, which include both
aerobic and muscle-strengthening activities to maintain
cardiometabolic health at early ages and later in life.
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Increased
Exercise capacity
Skeletal muscle function
Muscle strength and endurance
Reduced
Heart rate response to submaximal exercise
Inflammatory cytokines
Hospitalizations and hospital stay
All-cause mortality
Improved
Endothelial function
Autonomic nervous system function

Health status and quality of life

Physical inactivity is one of the greatest threats to health in
the US and in most of the Westernized World (3-5,10-12).
In the US approximately 80% of adults and greater than
80% of adolescents do not meet PA guidelines for both
aerobic and muscle-strengthening activities (12,13). PA
guidelines have been developed for all stages of life (14).
Although CVD usually becomes symptomatic in middle-
aged or older people, it is clear that multiple risk factors
may develop in early adolescence and continue through
the lifespan that impact future CVD risk, including HF.
We have made a call to action that all clinicians should
be promoting PA throughout the health care system and
throughout all stages of life as a cost-effective preventive
strategy potentially effective world-wide (15-18), starting
in adolescence—the future CV and general health of our
society strongly depends on the success of these efforts.

In addition to decreasing morbidity and mortality,
daily PA, regular ET and higher levels of CRF improve
the quality of life of people of all ages, regardless of the
presence of a chronic disease or disability. In children,
regular PA has been documented to reduce symptoms
of anxiety and depression, improve cognitive skills and
ability to concentrate and pay attention, and also improve
self-confidence and self-esteem (19,20). In adults, we
have demonstrated regular PA to reduce measures of
psychosocial stress (PS) including anxiety, hostility and
depression (21). Considerable evidence indicates that
PS is involved in the pathogenesis and progression of
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CVD and adversely impacts most chronic diseases. The
INTERHEART study (22) demonstrated that among
nine major modifiable CHD risk factors, PS was third in
importance and accounted for close to one-third of the total
attributable risk for acute infarction. Substantial evidence
suggests that PS also adversely impacts prognosis after
major CHD events (3). Our recent study indicated that PS
and PS—related mortality rates are markedly reduced after
formal cardiac rehabilitation ET programs (21).

US PA guidelines for adults recommend at least
150 min/week of moderate-intensity, 75 min/week of
vigorous-intensity aerobic PA or an equivalent combination
of both (14). Running is a popular and practical form of
PA that is attractive for many reasons (23). Compared
with other types of vigorous-intensity sports and exercises,
there are less barriers to running as it is easily accessible
and convenient as it does not require a gym membership
or specialized equipment or training. Additionally, even
slow jogging is considered vigorous-intensity PA and
thus reduces the time commitment of exercise to reach
the recommended levels of PA, which is often cited as
the primary barrier preventing people from exercising.
Mounting evidence suggests that running durations well
below those suggested by these national and international
guidelines may provide substantial, and possibly maximal,
mortality benefit. In our recent analysis of 55,000
individuals (13,000 runners) from the Aerobics Center
Longitudinal Study database, runners had a 30% reduction
in all-cause mortality and 45% reduction in CVD mortality
compared to non-runners, with an average increase in
life expectancy of 3 years (24,25). Persistent runners had
the greatest reduction in mortality and those who started
running but stopped or those who were not running at
baseline but subsequently started running had about half of
the reduction in mortality. Maximal reduction in CVD- and
all-cause mortality occurred at low doses of running at less
than 6 miles per week and less than 52 minutes of running
per week. Because time is one of the greatest barriers to
exercise, this finding may motivate more people to run for
health benefits as a practical, achievable and sustainable goal.

US PA guidelines for children and adolescents recommend
60 min/day or more of moderate- or vigorous-intensity
aerobic PA as well as muscle-strengthening and bone-
strengthening PA at least 3 days per week with PA being
appropriate for age, enjoyable and offering variety (14). PA
behavioral patterns are developed early in life and persist
with moderate to high stability from youth to adulthood (19).
Schools have a great influence on promoting and improving
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PA due to the large amount of time youth spend at school.
Greater efforts should be made to capitalize on key
opportunities such as recess, intramurals, interscholastic
sports, classroom PA breaks and walk and bicycle to school
initiatives.

PA is extremely cost-effective, and lack of PA is
extremely costly. The United States alone spends $117
billion on health care costs associated with inadequate PA
each year, not including lost productivity from death and
disability associated with illness (15). Great efforts are
needed to increase PA at the population level at all ages,
from childhood through older adulthood, around the world,
with evidence-based strategies specific to country, culture
and context.
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