
Editorial

Two-legged medicine: Exercise-mediated health benefits

1. Introduction

There is abundant evidence that the amount of habitual physical 
activity (PA) and the level of cardiorespiratory fitness (CRF) are 
inversely related to developing chronic diseases, including cardiovas
cular (CV) disease (CVD). Relative to the CV and all-cause mortality 
reductions associated with exercise, intensity and duration also appear 
to be inversely related. For example, the mortality reductions that are 
associated with a regular 5-min run ~ a 15-min walk, and a 25-min run 
~ a 105-min walk.1 In addition, at comparable levels of total energy 
expenditure, vigorous exercise seems to be more effective than 
moderate-intensity exercise in reducing CV risk.2 Vigorous exercise 
training is also more effective than moderate intensity training at 
increasing CRF, expressed as metabolic equivalents or METs, which has 
been shown to confer a lower risk of mortality.3 Accordingly, the 
optimal physiologic, clinical, and survival benefits of exercise are most 
likely to be achieved by progressing from moderate intensity exercise 
(usually defined as 40%–59% of functional capacity or 55%–69% of the 
maximal heart rate) to vigorous training regimens, corresponding to ≥
60% of functional capacity or 70%–89% of the measured maximal heart 
rate.

This opening editorial to this special issue of the journal briefly re
views the related impact of PA and CRF on health outcomes and sur
vival, with specific reference to terminology, epidemiologic studies, and 
potential underlying mechanisms, resistance training (RT), exercise 
preconditioning, heart failure (HF), and cancer. Related topics include 
childhood PA, dehydration, exerkines, sarcopenia, immediate car
dioprotective effects of exercise training on acute myocardial infarction 
(AMI), the impact of CRF and/or obesity on HF survival and incidence, 
and the role of PA and CRF in cancer prevention and treatment as well as 
the value of RT in mitigating cancer-induced cachexia. Finally, we 
highlight the differential effects of exercise training on metabolic 
syndrome.

2. Physical activity and fitness terminology

In the context of this special issue, it is important to define commonly 
used terminology, with specific reference to PA, structured exercise, and 
CRF.4 Physical activity is synonymous with bodily movement resulting 
from the contraction of skeletal muscle that increases energy expendi
ture above the resting level which is defined as 1 MET or 3.5 mL of 
oxygen per kilogram of body weight per minute or mL⋅kg− 1⋅min− 1. 
Accordingly, the intensity of PA is typically expressed as multiples of the 
resting metabolic rate or as METs. For example, running at 6 mph ~10 

METs or 35 mL⋅kg− 1⋅min− 1.
Exercise represents a subcategory of PA that is planned, structured, 

repetitive, and for the purpose of maintaining or increasing CRF, health, 
athletic performance, or combinations thereof. Cardiorespiratory fitness 
is defined as the capacity of the CV and respiratory systems to supply 
oxygen to the working skeletal muscles during peak or maximal levels of 
PA. It is typically estimated or measured directly during the final minute 
of the highest attained workload during progressive exercise testing and 
expressed as mL⋅kg− 1⋅min− 1 or METs. This measure of physical perfor
mance is also commonly referred to as exercise capacity, functional 
capacity, aerobic capacity, or peak or maximal oxygen consumption. 
Importantly, PA and structured exercise are considered health behav
iors, whereas CRF is a health outcome of these behaviors, which also has 
a genetic determinant.

The above-referenced terms have particular relevance to two of the 
outstanding contributions to this special issue of Sports Med Health Sci. 
Pfeiffer and Clevenger5 discuss the modulators of early childhood PA 
participation as an important time to establish a lifelong active lifestyle, 
which, from a socioecological perspective, has implications for attenu
ating the development of chronic disease in young and middle-aged 
adults. Millard-Stafford et al. (https://doi.org/10.1016/j.smhs.20 
24.12.001), focus on factors influencing PA in warm-to-hot environ
ments, including the negative impact of dehydration on physical per
formance, and the increasing number of hydration-related products, 
with specific reference to the optimal fluid formula during exercise.

3. Epidemiologic studies

In an early meta-analysis of 43 studies of the relation between PA and 
coronary heart disease (CHD) incidence, the relative risk of CHD in 
relation to physical inactivity ranged from 1.5 to 2.4, with a median 
value of 1.9.6 Moreover, the relative risk of a sedentary lifestyle 
appeared to be similar in magnitude to that associated with other major 
CHD risk factors. Another systematic review and meta-analysis of 33 PA 
studies including 883 372 participants, reported pooled risk reductions 
of ~ (34% ± 1%) for CVD and all-cause mortality among the most 
physically active cohorts.7 More recently, researchers estimated that the 
influence of 5 low-risk lifestyle factors (never smoking, body mass index 
[BMI] of 18.5–24.9 kg⋅m− 2, ≥ 30 min per day of moderate-to-vigorous 
PA, moderate alcohol intake, and a healthy diet score [upper 40%]) 
on premature mortality and life expectancy in the U.S. population.8

During the follow-up period, which extended up to 34 years for some 
participants, the most physically active cohorts of men and women (≥
5.5 h/week) demonstrated 7-to 8-year gains in life expectancy.
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3.1. Potential beneficial underlying mechanisms

Regular moderate-to-vigorous PA, structured exercise, or both can 
decrease the risk of initial or recurrent CV events, presumably from 
multiple mechanisms, including anti-atherosclerotic, anti-ischemic, 
anti-arrhythmic, anti-thrombotic, and psychological effects (Fig. 1).9

There are also multiple mechanisms by which vigorous-intensity exer
cise training may be more effective than moderate exercise in reducing 
CV risk (Fig. 2).10 In addition, exercise preconditioning,11 as described 
elsewhere in this issue, offers a unique and undervalued non
pharmacologic approach to attenuate the impact of acute coronary 
syndromes (angina pectoris and/or AMI) by protecting the heart against 
threatening cardiac arrhythmias, ventricular stunning, and myocardial 
tissue death.

In this issue of the journal, Powers et al.,12 also extend these earlier 
reports on the health benefits of moderate-to-vigorous PA by identifying 
PA-induced mechanisms responsible for these favorable adaptations, 
which have led to the discovery of exerkines. These are specific mole
cules released into the bloodstream during exercise that influence spe
cific tissues via autocrine, paracrine, and endocrine signaling. The 
authors suggest that these responses, in aggregate, may reduce the risk 
of chronic disease and all-cause mortality by clarifying the modes, in
tensities, and volume of exercise required to optimize health benefits in 
people with and without chronic disease.

4. Resistance training

In this issue of the journal, Jackson (https://doi.org/10.1016/j.smh 
s.2025.02.002) emphasized that aging of skeletal muscle is character
ized by muscle weakness and decreased contractile force, secondary to 
sarcopenia, which has a profound negative impact on the quality of life 
of older people. Fortunately, resistance traing (RT) and some weight- 
bearing calisthenics are the only interventions known to reliably 
reduce muscle loss and weakness in the elderly, which may also atten
uate age-related adverse neuromuscular changes over time. As Kraemer 
et al.,13 point out, the benefits of RT apply not only to men, but women 
as well.

Resistance training, especially as an adjunct to endurance exercise 
programs, can provide an effective method for increasing muscle 
strength and endurance, preventing and managing a variety of chronic 
medical conditions, favorably modifying selected coronary risk factors, 
and enhancing psychosocial well-being.14 In fact, studies suggest that it 
is comparable or superior to aerobic or endurance training in improving 
blood pressure, lipids/lipoproteins, and body composition (lean mass), 
as well as enhancing bone mineral density, insulin sensitivity, and basal 
metabolic rate.15 Resistance training has also been shown to decrease 
the rate-pressure product when any given load is lifted, which may 
reduce cardiac demands during daily activities such as carrying pack
ages or lifting moderate-to-heavy objects.16,17 There is also intriguing 
data to suggest that grip strength is directly related to long-term sur
vival.18 Although the traditional weight-training prescription has 
involved performing each exercise three times (e.g., 3 sets of 10–15 
repetitions per set), it appears that even 1 set provides improvements in 
muscular strength and endurance, at least for the novice exerciser.15

5. Exercise preconditioning

Increased levels of PA before hospitalization for suspected acute 
coronary syndrome appear to confer more favorable short-term out
comes, presumably due, at least in part, to a phenomenon known as 
exercise preconditioning.11,19

In a classic study involving 2 172 patients (average age, 66 years; 
76% men) hospitalized for chest pain, the most physically active cohort 
showed much lower odds of in-hospital mortality or experiencing 
recurrent cardiac events within the first 30 days of hospital discharge, 

List of abbreviations

AMI acute myocardial infarction
BMI body mass index
CHD coronary heart disease
CRF cardiorespiratory fitness
CV cardiovascular
CVD cardiovascular disease
HF heart failure
METs metabolic equivalents
PA physical activity
RT resistance training

Fig. 1. An endurance (aerobic) exercise program sufficient to maintain and enhance cardiorespiratory fitness may provide multiple mechanisms to reduce nonfatal 
and fatal CV events. BP = blood pressure, CACs = cultured angiogenic cells, EPCs = endothelial progenitor cells, HR = heart rate, O2 = oxygen. Arrows signify 
increased or decreased.
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corresponding to odds ratios of 0.56 and 0.80, respectively.20 First 
described decades ago in animal studies, recent clinical investigations 
indicate that just 1 to 3 bouts of moderate intensity exercise appear to 
partially protect the human heart in response to an AMI.19 In other 
words, the initiation of an exercise program seems to reduce the 
magnitude of associated cardiac arrhythmias, ventricular impairment, 
and myocardial tissue death. Moreover, the protective effects persist for 
several days to more than a week after the last 20-30-min exercise ses
sion.11 Particularly encouraging is that the protective benefits of exer
cise preconditioning can be rapidly evoked, regardless of past levels of 
sedentary behavior or CRF and extend indefinitely for those individuals 
who continue to engage in moderate-intensity exercise on a regular 
basis.

The current review by Quindry and Michalak21 in this issue of the 
journal, beautifully details and explains this cardioprotective mecha
nism, with specific reference to future scientific advances to better un
derstand the most rapid and effective treatments to attenuate or even 
mitigate the physiologic and clinical consequences of AMI.

6. Heart failure

Heart Failure (HF) for individuals ≥ 65 years of age, including pa
tients with reduced as well as preserved ejection fraction, represents a 
common cause of mortality and the most frequent cause of hospitali
zation in the U.S. and many developed countries. In this issue of the 
journal, LaMonte (https://doi.org/10.1016/j.smhs.2025.07.005) pro
vides an enlightening overview regarding the impact of exercise on the 
21st century epidemic of HF.

In an early widely-cited investigation, Mancini et al.,22 evaluated 
whether direct measurement of exercise capacity, expressed as peak _VO2 
(mL⋅kg− 1⋅min− 1 or as METs), can be used to predict survival in ambu
latory patients (n = 122) with systolic HF (mean ± SD age = [50 ± 11] 
years; 84% men; mean ± SD ejection = [19% ± 7%]). HF patients with 
an exercise capacity > 14 mL⋅kg− 1⋅min− 1 (> 4 METs) had cumulative 
1-and 2-year survival rates of 94% and 84%, respectively. These survival 
rates are comparable, if not better than, survival achieved with cardiac 
transplantation. Moreover, those HF patients with an exercise capacity 
> 18 mL⋅kg− 1⋅min− 1 (> 5 METs) demonstrated 100% survival at 1-year 
follow-up, highlighting the strong prognostic significance of this level of 
CRF in patients with severe left ventricular dysfunction.

In recent years, the impact of excess weight (obesity) has been shown 

to be associated with the risk of developing chronic diseases, including 
HF. On the other hand, numerous studies have also shown that higher 
levels of CRF prevent the development of chronic diseases. Two obvious 
questions arise: Can increased fitness levels neutralize the adverse ef
fects of obesity? And, does the “obesity paradox” apply to the patient 
with CVD and HF?

Previously, we evaluated CRF and BMI in > 20 000 U S. male vet
erans (mean age = 58.0 years) who completed a maximal treadmill test 
within the previous 3 decades.23 All had no evidence of myocardial 
ischemia or HF prior to exercise testing. CRF was estimated by the 
workload achieved during progressive treadmill testing and classified 
based on age-stratified quartiles of peak METs (least-fit, low-fit, mod
erate-fit, and high-fit), and BMI as: normal weight, overweight, and 
obese. During a median follow-up of 13.4 years, there were 2 979 HF 
events. Results indicated that, regardless of BMI, individuals with low 
CRF were more likely to develop HF in their later years. Accordingly, we 
concluded that when it comes to HF, it's better to be overweight/obese 
and fit, than normal weight and unfit.

To address the second question, a recent report showed that patients 
with HF and a BMI in the overweight or mild-to-moderate obesity ranges 
have better survival rates than do their underweight or normal weight 
counterparts. These data and other reports suggest that the “obesity 
paradox” persists in patients with CVD and HF.24 However, this phe
nomenon only seems to be present in those with poor levels of CRF, 
whereas in those with relatively good CRF, prognosis is excellent, 
regardless of their BMI.

Finally, walking speed is a commonly used objective measure of 
resilience and functional capacity in older people, with or without 
known CVD, predicting survival in several cohort studies.25 In out
patients with stable CVD, the 6-min walk test has been shown to provide 
independent and additive information beyond traditional coronary risk 
factors and a discrimination ability similar to aerobic capacity (peak 
METs) for predicting CV events, including HF, myocardial infarction, 
and death.26 In another study of adults ≥ 65 years with HF, impairment 
in gait speed (< 0.8 m⋅s− 1 vs. ≥ 0.8 m⋅s− 1), measured within 1 year 
before the diagnosis of incident HF, was independently associated with 
mortality (hazard ratio, 1.37), after adjusting for potential con
founders.27 Nevertheless, clinical trials are needed before we can 
confidently state that increasing walking speed will improve outcomes 
in the HF population.

Fig. 2. In addition to decreases in sympathetic stimulation and increases in parasympathetic tone, multiple mechanisms by which vigorous – intensity exercise 
training may be more effective than moderate - intensity exercise at reducing CV risk. AF = atrial fibrillation, HF = heart failure, CAD = coronary artery disease. 
Adapted from reference10.
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7. Cancer

Physical activity and improved levels of CRF also appear to play 
important roles in the prevention and treatment of cancer. In an analysis 
of > 1.4 million individuals, higher levels of leisure-time PA were 
associated with a lower risk of half the cancers evaluated.28 Similarly, 
two additional independent scientific reviews concluded that there is 
strong evidence to support the benefits of regular PA in the prevention of 
certain cancers, including breast, colon, endometrial, kidney, bladder, 
esophageal, and stomach.29,30

In another sobering systematic review that included 71 654 in
dividuals with diagnosed cancer and 2002 cancer-related deaths, pa
tients with the highest levels of CRF had nearly a 50% reduced risk of 
cancer mortality compared with their counterparts with the lowest 
fitness.31 Collectively, the above-referenced findings suggest that regu
lar moderate-to-vigorous PA (≥ 3 METs) and increased CRF are associ
ated with reduced cancer risk and better survival outcomes among 
individuals diagnosed with cancer. These data and the enlightening 
systematic review by Horawski et al.,32 published in this issue of the 
journal, highlighting the role of RT in mitigating cancer-induced 
cachexia, the involuntary loss of lean body mass and adipose tissue 
that occur in up to 80% of all cancer patients, substantiate the salutary 
impact of exercise training in every individual's cancer care plan.

8. Conclusions

In summary, higher levels of PA and age/sex – adjusted CRF are 
associated with a reduced risk of developing hypertension, obesity, type 
2 diabetes, metabolic syndrome, atrial fibrillation, chronic kidney dis
ease, HF, and major CV events, including myocardial infarction, coro
nary artery bypass graft surgery, stroke, and sudden cardiac death.33

With respect to metabolic syndrome, Moseley et al. (https://doi.org/10 
.1016/j.smhs.2025.03.006), in this issue of the journal, reported a 
relationship between exercise energy expenditure and improvements in 
composite measures of metabolic syndrome, which appear closely 
linked to insulin sensitivity. The authors concluded that combined aer
obic and RT interventions offer the most robust improvements for 
composite metabolic syndrome, as compared with either training mode 
alone.

Relative to CVD, the inverse association of lower incidence of type 2 
diabetes with PA or CRF also applies to the diabetogenic effects of 
cholesterol–lowering statins. These findings suggest that regular 
moderate-to-vigorous PA appears to more than compensate for the 
purported modest increase in diabetes risk from statin use.9,33 Finally, in 
a study of > 10 000 veterans with dyslipidemia over a 10-year follow-up, 
investigators reported that the cohort on statin therapy with high CRF 
had substantially lower mortality risk (~3.0-fold) than their low fit 
counterparts taking statins.34 These results reinforce the importance of 
PA/CRF as adjunctive therapy for individuals with dyslipidemia.

In closing, a just-published Finnish twin study concluded that the 
beneficial association of long-term leisure-time PA, specifically, the anti- 
aging and reduced mortality effects, were largely accounted for by other 
health-related factors, including genetic confounding and reverse cau
sality.35 However, the methodologic assumptions put forth, multilevel 
survival models employed, and the inferences regarding statistical 
treatment of the data, represented potential study limitations, rendering 
the conclusions tenuous at best. Accordingly, the author's interpretation 
of their findings have already been vigorously challenged. The fact of the 
matter is that overwhelming data have previously substantiated the 
health benefits of regular, moderate-to-vigorous exercise.33 Perhaps the 
late William C. Roberts, MD, the former editor of the American Journal 
of Cardiology, summed it up best when he described the medicinal 
properties of exercise as “an agent with lipid-lowering, antihyperten
sive, positive inotropic, negative chronotropic, vasodilating, diuretic, 
anorexigenic, weight-reducing, cathartic, hypoglycemic, tranquilizing, 
hypnotic, and anti-depressive qualities.”36
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