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cardiorespiratory fitness (CRF) which confers significant health benefits across the
age, gender, and race spectra. The health benefits are evident beyond an exercise
volume threshold and increase progressively with higher exercise volumes and are
independent of comorbidities. Specifically, increased CRF is strongly and inversely
associated with the incidence of chronic cardiometabolic diseases, and the risk of
premature mortality. In dyslipidemic populations, CRF is equally effective with
statin therapy in lowering mortality risk. However, the combination of the two
therapies (CRF and statin treatment) were more effective than either therapy alone.
In non-diabetic patients the incidence of diabetes mellitus (T2DM) was amplified
by obesity and statins and was attenuated by high CRF. In T2DM patients treated
with statins the progression to insulin therapy (worsening of T2DM) was amplified
by obesity and statins and was attenuated by high CRF. There is also evidence that
excessive amounts of physical activity (work volume) are counterproductive and
even harmful. The recommended exercise volume an intensity necessary for health
benefits is relatively moderate and achievable by most middle-aged and older
individuals engaging in such activities as brisk walk 30-50 min per day most days
of the week. Nevertheless, exercise prescriptions should be personalized.
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1. Introduction

The link between fitness and health outcomes was first introduced by Hippocrates approximately 2500 years
ago. In his statements regarding fitness, disease and mortality Hippocrates makes it clear that the use of all parts
of the body when used in moderation in tasks in which they are design to perform, become healthy and well
developed and age slowly. However, if unused and left idle, they become liable to disease, defective in growth,
and age quickly. In another statement Hippocrates states that “walking is a man’s best medicine.”

The unprecedented wisdom of these statements is not so much that exercise is beneficial, but that exercise is
used “in moderation”. For the first time, exercise intensity is proposed, and walking is introduced as the mode by
which physical activity can be implemented in a large segment of the public. These concepts did not become
obvious until a few decades ago, and for some, not even in current times. In the 1970s and 80s, the prevailing
thinking was that improvements in CRF required exercising at high intensities with no regards of the potential
risks posed by such exercise practices, and that those who could run marathons were immune to heart disease. It
wasn’t until a few exercise-related deaths, when we began to appreciate that at least too much exercise could
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potentially lead to a serious cardiac event and even death, especially in sedentary populations. The landmark
studies by Professor Steven Blair reintroduced the concept proposed by Hippocrates that moderate intensity
exercise (brisk walking) is adequate for beneficial health outcomes [1-3].

In more modern times, advances in computer power, data retrieval, storage, and analytical technics have
resulted in a wealth of epidemiologic evidence that have solidified the role of exercise and other healthy lifestyle
practices in the prevention and management of chronic disease. In 2022 the American Heart Association Advisory
Presidential Advisory defined eight lifestyle modifications that included healthy diet, participation in physical
activity, maintaining healthy body weight, avoidance of nicotine exposure, and healthy levels of blood pressure,
blood lipids, blood glucose, and sleep health, to promote cardiovascular health (CVH) and shift the focus from
disease treatment to disease prevention [4]. The main purpose of this construct named Life’s Essential 8, is to
provide a road map to measure, monitor, and improve a wide array of health outcomes and quality of life.

In all studies, a higher the number of ideal CVH factors was associated with a markedly lower risk for CVD
events and all-cause mortality regardless of race and ethnicity or socioeconomic position. Potential mechanisms
through which higher CVH is associated with lower CVD risk involve endothelial function, inflammation,
atherosclerosis, cardiac remodeling, hemostatic factors, and epigenetics [5,6]. Furthermore, attempts to define
potential pathways to explain the CVH status and clinical CVD events association suggests that the protection
conferred by optimal CVH may be “more than the sum of its parts” [7]. This suggests that at least one of the
components included in the Life’s Essential 8 has a favorable modulatory effect on at least one other components,
thus amplifying the health benefits beyond the expected sum of the components involved. Although this
component is yet to be identified, cumulative evidence strongly suggests that this “super modulator” is increased
physical activity that leads to improved cardiorespiratory fitness (CRF) defined as one’s capacity to provide the
necessary energy for sustained physical activity via aerobic pathways. CRF is assessed objectively by a
standardized exercise treadmill test (ETT) and is expressed in Metabolic Equivalents (METs; 1 MET = 3.5 mL
per kg of body weight per minute).

Despite the significant evolution for the past decades in our quest to define the CRF-health outcomes
association, challenges persist. A better understand of the exercise volume necessary for favorable changes for
different disease and across the age, race and sex spectra, cardiac adaptations associated with strength training, the
risk associated with exercise in different populations, and the independent or synergistic effects of CRF and genetic
factors on the CRF-health outcomes have not been fully addressed. The Journal of Cardiovascular and Metabolic
Disease Epidemiology is devoting a section to explore the potential impact of lifestyle factors on human health.

2. Cardiorespiratory Fitness and the Incidence of Chronic Disease

For the past seven decades, evidence accumulated from a plethora of large and well-designed epidemiologic
studies and randomized-controlled trials has shown that improved CRF has a favorable effect on blood pressure,
cardiac function, endothelial function, glucose, and lipid metabolism, and body composition [8—13].

Findings also support that CRF measured objectively by a standardized exercise treadmill test (ETT) is inversely
associated with the incidence and progression of chronic disease. In over 2300 pre-hypertensive individuals, we
observed an inverse, S-shaped association between exercise capacity and the rate of progression from prehypertension
to hypertension in middle-aged and older male veterans [14]. The protective effects of fitness were evident when
exercise capacity exceeded 8.5 METs. Specifically, when compared to highly fit individuals (peak METs
achieved >10.0), the rate of progression to hypertension was 36.0% higher for the moderately fit (8.6-10.0 METs),
66.0% higher for the Low-fit (6.6-8.5 METs) and 72.0% higher for those in lowest fitness category (<6.5 METs).

CRF was also associated inversely with the incidence of diabetes mellitus (T2DM) and the rate of T2DM
progression in dyslipidemic patients treated with statins compared to those not treated with statins [15,16].
Specifically, the statin-related increased risk of developing T2DM was 50% higher for patients in the lowest CRF
category, and 22% higher for those in the low CRF category. For the Moderate-and High-Fit individuals, the risk
was similar to those not treated with statins. For patients with T2DM, the statin-related rate of progression to
insulin therapy (an indicator of worsening T2DM) was increased by relatively poor fitness and obesity. Conversely,
the progression rate was mitigated by increased CRF regardless of body weight status [16].

3. CRF and Cardiovascular Disease

There is also strong epidemiologic evidence supporting an inverse association between CRF and the
incidence of chronic heart failure (CHF) [17-19]. Conversely, increased adiposity as reflected by higher body
mass index (BMI) levels is associated with increased incidence of HF [20,21]. To determine if CRF attenuates the
deleterious impact of obesity on CHF, we assessed the interactive effect of CRF and BMI on the incidence of HF
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in >20,000 US male veterans [17]. CRF in this cohort was assessed objectively by a standardized exercise treadmill
test. Compared to the individuals in the lowest CRF category (least fit), we observed a progressively lower HF
risk with increased CRF within all BMI categories, after adjusting for all comorbidities. Specifically, for those
with normal body weight (BMI 18.5-24.9 kg/m?) HF risk was 28%, 54% and 63% lower for Low-fit, Moderate-
fit and High-fit individuals, respectively. For overweight individuals (BMI 25.0-29.9 kg/m?) the risk was 25%
lower for Low-fit, individuals, 47%, and 66% lower for Moderate-fit and High-fit individuals. For obese
individuals (BMI > 30.0 kg/m?) the risk 36%, 57% and 73% lower for the same CRF categories. These findings
support an inverse and independent association between CRF and the risk of developing HF. Considerably lower
HF risk was noted with even modest levels of CRF (peak METs for Low-fit 6.7 £ 1.3 and Moderate-fit 8.1 & 1.1).
The public health significance of these findings is that the physical activity requirements to potentially lower the
incidence of HF are achievable by most middle-age and older individuals by engaging in moderate intensity
physical activities, such as brisk walk for 30-50 min per session most days of the week [22].

In a much larger study of 667,730 US Veterans, we also assessed the incidence of HF with preserved ejection
fraction (HFpEF) [23], a condition defined as having an ejection fraction >50% [24]. After adjusting for
comorbidities, we noted that the risk of HFpEF decreased progressively across CRF categories as CRF increased.
The HFpEF risk was 27% lower for the low-fit (METs 7.3 = 1.4), 43% for moderate-fit (METs 8.6 + 1.4), and 66%
lower for individuals in the highest CRF category (METs 13.6 + 1.8). There were also two unexpected findings.
First, we noted that being unfit carried the highest risk (nearly 3.0 times higher) than any other comorbidity.
However, change in CRF over time reflected reciprocal changes in the risk of HFpEF and that the risk of unfit
individuals who improved their fitness status by approximately 3.0 METs was 37% lower compared to those who
remained unfit [23].

Collectively, these findings strongly support that relatively low CRF carries a high risk of developing HFpEF,
more so than several traditional clinical risk indicators. This risk is attenuated substantially if CRF is improved.
This is yet another reason that regular physical activity should be promoted by healthcare professionals regardless
of age or risk factors to attenuate the risk of developing HFpEF. Finally, the risk for major adverse cardiovascular
events (MACE) was inversely associated with CRF independent of all other comorbidities for those <60 and >60
years of age. When an age-specific MET threshold was defined, the risk for MACE increased significantly for
those below that threshold and decreased for those above it [25].

4. Cardiorespiratory Fitness, Physical Activity and Mortality

Accumulated evidence from large and well-conducted epidemiologic studies have led to an indisputable
conclusion that improved CRF, as determined objectively by a maximal exercise test or a physically active lifestyle is
inversely associated with the risk for cardiovascular and all-cause mortality in apparently healthy individuals [1-4,8,9]
and in patients with comorbidities [8—12,26] and documented cardiovascular disease [27,28]. This association is
robust, graded, and independent of known cardiovascular risk factors and other co-morbidities, it is similar for
both males and females [29,30] and across the age, and race spectra [30]. When compared to the least fit individuals,
the risk declined progressively across the CRF categories for all ages. The decline in risk ranged from
approximately 25% to 80%, depending on the age group. Approximately 50% lower risk is evident at the peak
exercise capacity of approximately 11.0 METs for those 30—49 years of age, and 10.0 METs, 9.0 METs, 8,0 METs,
and 7.0 METs for those aged 50.0-59.0 years; 60.0-69.0; 70.0-79.0; and 80.0-95.0 [30]. The reduction in
mortality risk for each one metabolic equivalent (1-MET) increase in exercise capacity ranges between 10% to
25%, with no substantial sex differences [13,31,32].

In a large study 0f 93,060 US Veterans with two exercise evaluations at least 1 year apart (mean 5.8 + 3.7 years),
we observed that changes in CRF reflected inverse and proportional changes in mortality risk for those with and
without cardiovascular disease [29]. Specifically, improved CRF from baseline to the final exercise evaluation
was associated by approximately 10% to 50% lower mortality risk. Conversely, a decline in CRF was associated
with approximately 10% to 75% higher mortality risk. These findings suggest that the favorable health outcomes
associated with CRF are independent of genetic factors [28]. They also support the hypothesis that participation
in aerobic activities leads to structural and functional physiological adaptations and these adaptations render an
individual more resistant to injury or disease, ultimately resulting in lower mortality rates independent of genetic
factors.

It is also well-accepted that exercise intensity, duration, and volume threshold are necessary beyond which
health benefits accumulate exponentially, before reaching a plateau (S-shaped curve association). Most of the
health benefits are realized at relatively lower levels of physical activity once the threshold is overcome. Generally,
exercise thresholds below 6 METs have been associated with higher mortality [1-3]. However, age is an important
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determinant of exercise capacity and when age is considered an optimal MET threshold for individuals <50 years
of age is between 8 to 9 METSs and declines by 1 MET per decade to a threshold between 5 to 6 METs for those
>70 years [33]. Compared to the mortality risk of those with an exercise capacity within their age-specific threshold,
the risk for those with exercise capacities 2.0 or more METs below their respective MET thresholds was
approximately 30% to 80% higher. Conversely the mortality risk was 30% to 50% lower in those with exercise
capacities 2.0 or more METs above the threshold.

There is also evidence of an independent and synergistic effects of CRF with medication in lowering the risk
of mortality. In dyslipidemic patients treated with statins the mortality risk across CRF categories was inverse and
graded. Compared to patients in the lowest CRF category (exercise capacity <5.0 METs), mortality risk in those
with moderate CRF was 36% lower and declined progressively to 68% for patients in the highest CRF category.
The strength of the association was similar in those not treated with statins (range 26% to 63% lower risk for same
CRF categories). These findings suggest that CRF lowers risk independent of statins and that the combination of
statin treatment and an exercise capacity of more than 5 MET lowers mortality risk substantially more than either
alone [26].

Finally, there is evidence that excessive amounts of physical activity (work volume) are counterproductive
and even harmful. The exercise volume threshold and the level of work at which exercise becomes
counterproductive are both undoubtedly influenced by age, health, fitness status, and genetics, and a precise
definition may be difficult. Therefore, exercise prescriptions should be personalized.

5. Conclusions

The plethora of evidence suggest that physical activity of adequate intensity, duration, and volume attenuates
the development of chronic disease and premature mortality, regardless of age, race, or sex. The volume and
intensity of the activity necessary for these health benefits is relatively moderate and achievable by most middle-aged
and older individuals. It is well-accepted that >150 min of moderate-intensity exercise (brisk walking) or 75 min of
high-intensity exercise (jogging) is adequate to promote the aforementioned. To achieve this one should engage in
such activities (walking or jogging) 30—50 min per day, most days of the week [22].
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