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INTRODUCTION

Chronic increases in physical activity or structured exercises 
of adequate intensity, duration, and volume lead to certain 
physiologic adaptations that encompass the musculoskeletal, 
cardiovascular, and metabolic systems. Collectively, these 
physiologic adaptations lead to a higher capacity to perform 
physical work, resilience to injury, and ultimately, improved 
human health and longevity. The link of physical activity to 
better health, well-being, and longevity has been noted since 
antiquity. Hippocrates was the first physician to not only 
state that regular exercise is essential for well-being and 
longevity, but he was also the first recorded physician to 
provide a written exercise prescription of walking for his 
patients. His statements “walking is the best medicine” and 
“if we could give every individual the right amount of nour-
ishment and exercise, not too little and not too much, we 
would have found the safest way to health” clearly empha-
sized moderation as essential in promoting health and 
warned against excess in both exercise and nutrition. Scien-
tific scrutiny of these concepts and a plethora of evidence 
accumulated from large and well-designed epidemiologic 
studies with diverse populations and diseases unequivocally 
support these concepts. In this review, we are presenting a 

comprehensive synopsis of the evidence accumulated over 
the last 6 decades.

PHYSICAL ACTIVITY, CARDIORESPIRATORY 
FITNESS, AND MORTALITY

The landmark work by Morris and coworkers (1) opened the 
way for a rigorous and systematic scrutiny of the impact of 
physical activity and physical fitness on human health. Since 
then, large and well-designed epidemiologic studies mostly 
from United States and Europe have been conducted focus-
ing on the connection between physical activity, cardiorespi-
ratory fitness (CRF), and health. In general the accumulated 
evidence has provided indisputable evidence that improved 
CRF, as determined by a maximal exercise test or a physi-
cally active lifestyle of adequate intensity, duration, and 
volume to increase CRF, is associated with a reduced risk for 
cardiovascular and all-cause mortality in apparently healthy 
individuals (2-8) and in patients with cardiovascular risk 
factors (9-20) and documented cardiovascular disease (21-
23). Several features of these studies are noteworthy. First, 
the CRF-mortality risk association is robust, inverse, graded, 
and independent of age, gender, race, risk factors, or other 
co-morbidities. The reduction in mortality risk for each one 
metabolic equivalent (1-MET) increase in exercise capacity 
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ranges between 10% to 25%, with no substantial gender dif-
ferences (15,16,21). Second, exercise intensity, duration, 
and volume threshold are necessary beyond which health 
benefits accumulate exponentially, before reaching a plateau 
(S-shaped curve association). Third, the largest portion of 
the health benefits is realized at relatively lower levels of 
physical activity once the threshold is overcome. Finally, 
there is support 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 and fitness status, and genetics, 
and a precise definition may be difficult. Traditionally, peak 
exercise capacities of 4 to <9 METs have been used to estab-
lish least fit reference groups, with the remaining CRF cate-
gories defined by incremental increases of about 2 to 3 
METs. (4,15,24-26) Generally, exercise thresholds below 6 
METs have been associated with higher mortality as 
observed in the National Coronary Artery Surgery Study and 
other studies (27,28). In middle-aged US veterans, the opti-
mal CRF threshold for reduction in mortality risk was 7.0 
METs. Those below this threshold had a 2.6-fold increase in 
risk for mortality (P<0.001) compared with those above it 
(5). When age is considered the MET threshold for individu-
als <50 years of age is between 8 to 9 METs and declines by 
1 MET per decade to a threshold between 5 to 6 METs for 
those ≥70 years (2). A progressively lower mortality risk is 
observed in those with CRF higher than these MET levels 
and higher in those with CRF below this level.

Regardless of the method used to define CRF catego-
ries, the inverse, independent, and graded association 
between CRF and health outcomes is consistent. However, 
the need to standardize fitness categories is still apparent.

CARDIORESPIRATORY FITNESS AND  
MORTALITY RISK IN THE ELDERLY

The exercise-related reduction in mortality risk has been 
reported in older populations and in those with various co-
morbidities. The association between exercise capacity and 
mortality risk for individuals >70 years of age has been 
found to be inverse, graded, and similar to younger individu-
als. In elderly men, mortality risk for those with an exercise 
capacity >5 METs (moderate to high-fit) was 45% to 60% 
lower when compared to those with an exercise capacity of 
≤5 METs (4). Similar results were reported for hypertensive 
individuals ≥70 years of age (25). This association, includ-
ing the degree of change in mortality risk, is similar to that 
observed in younger populations (20,21,25).

RACIAL DIFFERENCES

Relatively few studies have examined the role of racial dif-
ference on the CRF-health outcomes relationship. Evidence 
suggests that black men and women have a lower CRF and 
an elevated risk of cardiovascular disease compared with 
white men and women. Black individuals may also have an 
attenuated increase in CRF following exercise training (29). 
Race may account for up to 20% of the variance in CRF 

(30). Apparently CRF is higher in white men and women 
compared to black men and women (26,31). Although the 
inverse relationship between CRF and mortality does not 
appear to be influenced by race (similar trends observed for 
both races) (5,26), some evidence suggests that the impact of 
per unit increase in CRF may be different. For example, in 
our study of black and white men with type 2 diabetes, the 
CRF-related reduction in mortality risk was stronger and 
more graded for white than for black men. For each 1-MET 
increase in exercise capacity the mortality risk was 19% 
lower for white and 14% for black men (P <0.001). When 
the cohort was stratified by CRF categories, the risk was 
43% lower for moderate-fit and 67% lower for high-fit 
whites. In black individuals, the comparable reductions were 
34% and 46%, respectively (12). Similarly, in a study of 
13,345 patients who completed 2 exercise tests, at least 12 
months apart at Henry Ford Hospital, change in CRF from 
low or moderately fit to highly fit resulted in 59% and 35% 
lower all-cause mortality risk for white and black individu-
als, respectively (32).

REVERSE CAUSALITY

When examining the association between CRF and health 
outcomes, it should be considered that the relatively higher 
mortality rates observed in individuals with low CRF may 
be the outcome of subclinical illness. This phenomenon, 
known as reverse causality, if it exists, is likely to overesti-
mate the beneficial effects of CRF for individuals with mod-
erate and high exercise capacity. Epidemiologic studies 
cannot directly account for the possibility of reverse causal-
ity. However, statistical procedures and scientific scrutiny of 
the data can provide evidence in support of or against such 
probability. In this regard, if we assume that subclinical dis-
ease is the cause of both low CRF and high mortality rates 
(reverse causality), systematically removing individuals 
with certain physiologic characteristics suggestive of sub-
clinical chronic diseases from the analyses and re-analysis of 
the data is likely to substantially change the CRF-mortality 
risk association. Conversely, if there is no reverse causality, 
the mortality trends will not change substantially.

To account for the possibility that the higher mortality 
rates observed in the low-fitness categories were the result 
of underlying diseases or musculoskeletal or peripheral vas-
cular issues and not low fitness per se (reverse causality), we 
undertook 3 approaches: (1) we excluded those who died 
within the initial 2 years of follow-up; (2) we excluded those 
who were not treated with beta-blockers but did not achieve 
at least 85% of their age-predicted maximal heart rate (HR) 
(to account for factors that may have impaired exercise per-
formance); and (3) we excluded those in the 2 lowest fitness 
categories (≤5 METs) with BMI <20 kg·m-2. We then 
repeated the survival analyses separately (for each exclu-
sion), as well as with all exclusions combined. In all 4 sce-
narios, the association between exercise capacity and mor-
tality risk remained robust, and the risk reduction did not 
deviate substantially from that observed in the entire cohort. 
Finally, we examined the association between change in 
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fitness and mortality in 867 individuals who had a second 
exercise tolerance test (ETT) at least 6 months after the ini-
tial test. Compared with unfit individuals in both tests, mor-
tality risk was 61% lower in those who were physically fit by 
both ETTs and 34% lower for individuals defined as unfit by 
the initial ETT who became fit by the second test. In addi-
tion, fit individuals who drifted into the unfit category by the 
second test maintained 41% lower risk compared with those 
who were unfit on both tests (4). In a similar design and a 
much larger cohort with 2 fitness assessments (mean interval 
between assessment 4.9 years), Blair et al. (7) reported that 
the highest age-adjusted all-cause death rate was observed in 
men who were unfit at both assessments and the lowest 
death rate in men who were physically fit at both assess-
ments. Those who improved from unfit to fit between the 
first and subsequent assessment had a 44% reduction in 
mortality risk relative to men who remained unfit at both 
examinations. Similarly, in the FIT Project, 13,345 patients 
who completed 2 exercise tests at least 12 months apart 
(mean time between the tests was 3.4 years) change in CRF 
from low or moderately fit to highly fit resulted in 35% and 
59% lower all-cause mortality risk for blacks and whites, 
respectively (32).

Thus, the findings that changes in fitness status are 
associated with respective changes in mortality risk collec-
tively strengthen the argument that the lower mortality rate 
in fit individuals is the result of increased fitness, not spuri-
ous or artificially inflated by the higher mortality among low 
fit individuals due to subclinical diseases. Another clinically 
important finding is that the fitness related health benefits 
are not ephemeral but are likely to endure for some years. 
This notion is supported by the observation that fit individu-
als who drifted into the unfit category by the second test 
maintained 41% lower risk compared with those who were 
unfit on both tests (4).

PHYSICAL ACTIVITY, CARDIORESPIRATORY 
FITNESS, AND HYPERTENSION

Increased physical activity and CRF have been shown to 
lower blood pressure (BP) and mortality risk in hypertensive 
patients regardless of age (21,25,33-35). The consensus of 
several reviews and meta-analyses over the years is that 
structured aerobic exercise training programs or increased 
physical activity of moderate intensity and adequate volume 
result in an independent reduction of approximately 4 to 10 
mm Hg in systolic and 3 to 8 mm Hg in diastolic BP for 
individuals with stage 1 hypertension (HTN) regardless of 
age or gender (21,33,34,36,37). We have also noted signifi-
cant reduction in BP in male veterans with stage 2 HTN and 
left ventricular hypertrophy (LVH) after 16 weeks of moder-
ate-intensity aerobic exercise training. At 32 weeks, BP 
reduction was more pronounced even after a 33% reduction 
in antihypertensive medication in the exercise group, while 
BP in the no-exercise group increased substantially (38). We 
also noted a significant reduction in cardiac wall thickness 
and left ventricular mass, resulting in a 12.3% regression in 
LVH, similar to that observed with most antihypertensive 

medications (39). LVH is considered an independent risk 
factor for mortality and therefore regression of LVH with 
exercise is clinically significant (40).

Thus, appropriate lifestyle interventions including 
increased physical activity designed to enhance CRF are 
recommended by national and international committees, 
experts, and organizations as initial therapy to prevent, treat, 
and control HTN (41,42).

CARDIORESPIRATORY FITNESS AND MORTALITY 
RISK IN HYPERTENSIVE INDIVIDUALS

The CRF-mortality risk association in hypertensive patients 
has been assessed by large and well-controlled epidemio-
logic studies. The consensus of these studies supports that 
the inverse CRF-mortality risk association is independent 
and graded (11,22,43). For example, in a cohort of 4,631 
hypertensive veterans with multiple cardiovascular risk fac-
tors who successfully completed a graded ETT, mortality 
risk was 13% lower for every 1-MET increase in exercise 
capacity (11). When compared to the least-fit individuals 
(exercise capacity ≤5 METs), mortality risk was 34% lower 
for those in the next fitness category (5.1 to 7.0 METs) and 
progressively declined by more than 70% for individuals 
with the highest exercise capacity (>10 METs). When the 
presence or absence of additional risk factors within fitness 
categories (least fit to most fit) was considered, the least-fit 
individuals (≤5 METs) with additional risk factors had a 
47% higher mortality risk than those without risk factors. 
This 47% increased risk was eliminated in the next fitness 
category (5.1 to 7.0 METs) and declined to approximately 
≥50% in those with an exercise capacity >7.0 METs, regard-
less of cardiovascular risk factor status.

We also evaluated the interaction between exercise 
capacity, body mass index (BMI), and mortality risk in 
hypertensive veterans. Progressively lower mortality rates 
with increased exercise capacity were observed within each 
BMI category. The mortality risk reduction ranged from 
approximately 40% in those with an exercise capacity of 5.1 
to 7.5 METs to 70% in those with >7.5 METs (43). To 
explore the fitness-fatness and mortality risk relationship 
further, we compared normal-weight, low-fit individuals to 
overweight or obese, but fit individuals. The mortality risk 
was 47% and 60% lower for the overweight-moderate-fit 
and overweight-high-fit individuals, respectively. Similarly, 
the risk was 55% lower for the obese-moderate-fit and 78% 
lower for the obese-high-fit individuals. These findings sug-
gest that it is more beneficial to be fit and overweight or 
obese rather than normal weight and unfit. Furthermore, it 
appears that obese hypertensive individuals may benefit at 
least as much (if not more) from fitness as their overweight 
or normal weight counterparts (43).

In summary, strong evidence supports that regularly 
performed exercise, or a chronic increase in physical activity 
that leads to increased CRF, lowers BP and the risk of mor-
tality, independent of other risk factors. The dose-response 
association between increased CRF, BP, and mortality risk 
reduction supports the existence of a causal mechanism(s). 
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However, the mechanism or mechanisms are not well under-
stood. It is likely that the favorable effects CRF, exercise, 
and physical activity have on several biological systems and 
traditional risk factors (21) are likely to share the credit.

CARDIORESPIRATORY FITNESS AND MORTALITY 
RISK IN INDIVIDUALS WITH TYPE 2 DIABETES

Individuals with type 2 diabetes mellitus (DM2) have a 50% 
to 60% higher risk of all-cause and cardiovascular mortality 
than those without DM2, and cardiovascular disease (CVD) 
remains the primary cause of death in the U.S. among dia-
betic patients (44). Findings from exercise training studies 
support the concept that both aerobic and anaerobic exercise 
training regimens improve glucose uptake and insulin sensi-
tivity (45-47). The exercise-related increased glucose uptake 
by the working muscle cells involves activation of the 
GLUT-4 transporter, independent of insulin (48). Evidence 
from large cohort studies supports the concept that physical 
activity reduces the risk of mortality in diabetics. All-cause 
mortality risk is 2 times higher in unfit or sedentary diabetics 
compared to physically fit diabetics regardless of body 
weight (24,49-52).

In the Veterans Exercise Testing Study (12) we assessed 
the exercise capacity and all-cause mortality relationship in 
black and white men with DM2. We found that exercise 
capacity is a strong predictor of mortality in both black and 
white diabetics. The age-adjusted reduction in mortality was 
graded and more pronounced in whites than in blacks. Each 
1-MET increase in exercise capacity yielded a 14% and a 
19% lower risk for whites, respectively. In black individuals 
the risks were 34% and 46% lower for moderate-fit and 
high-fit versus the low-fit category, respectively. For whites, 
the comparable reductions were 43% and 67%, respectively. 
These findings suggest that racial differences may exist in 
the impact of exercise on mortality in diabetic patients. This 
is clinically significant since black individuals have a 2- to 
6-fold higher risk for developing DM2 and approximately 
double the DM2 death rate compared with whites (53). In a 
meta-analysis of 17 studies in diabetics, the investigators 
reported an inverse association between physical activity 
(PA) and all-cause mortality, and any amount of habitual PA 
was better than inactivity. The pooled relative risk reduction 
was 40% lower for physically active versus sedentary indi-
viduals, and more PA was associated with a larger reduction 
in all-cause mortality (54).

Findings from interventional studies have provided 
mixed results on the efficacy of increased CRF in decreasing 
mortality risk in patients with DM2 (55). Look AHEAD, 
was the largest trial (n=5,145) designed to assess the efficacy 
of favorable lifestyle changes (dietary modifications and 
exercise) in reducing mortality risk in patients with DM2. 
The study was terminated early after a futility analysis. 
Despite no difference in event rates, the lifestyle interven-
tion group exhibited improvements in several cardiometa-
bolic risk parameters and risk factors, with lower side effects, 
improved quality of life, and reduced overall healthcare 
costs (56). Failure to yield favorable findings has been 

attributed to several factors, including relatively lower than 
expected mortality rate (56,57). The implementation of the 
intervention and specifically the exercise program also 
seems problematic. For example, the CRF status of the inter-
vention group at baseline was relatively low (approximately 
5.5 METs), suggesting a relatively sedentary cohort. Fur-
thermore, exercise capacity increased by approximately 
1-MET only by the end of the initial year of follow-up and 
then declined thereafter to baseline levels by the fourth year. 
The relatively anemic increase suggests that adherence to 
the exercise program was less than adequate even during the 
first year and certainly declined over the remaining years. 
Interestingly, change in body weight, waist circumference, 
and hemoglobin A1c (HA1c) were concomitant to changes 
in CRF, lending additional support that adequate implemen-
tation of the lifestyle intervention program was not sustained 
after the initial year. In contrast, a relatively small study 
(n=160) reported long-term clinical benefit of lifestyle inter-
ventions (58). All-cause mortality rates, cardiovascular 
death, and cardiovascular events were 56%, 57%, and 59% 
lower in the lifestyle group compared to standard care group. 
It is of interest that in this study, the overall mortality rate in 
the control group was 50% compared to the <8% rate in the 
Look AHEAD trial. This further supports the concept that 
the very low event rate seen in the Look AHEAD trial may 
have contributed to the lack of favorable outcomes in that 
trial (55,57).

CARDIORESPIRATORY FITNESS,  
OBESITY, AND MORTALITY RISK

Excess accumulation of body fat that leads to overweight 
and obesity result in cardiovascular, neurohormonal, and 
metabolic maladaptations, ultimately leading to a number of 
chronic health conditions, including DM2, HTN, coronary 
heart disease (CHD), and premature mortality (59). In addi-
tion, obesity accentuates CHD risk and mortality indirectly 
through its adverse effects on several established risk fac-
tors, including insulin resistance and HTN. Although the 
causes of obesity are complex, physical inactivity is consid-
ered to play an important role, despite relatively modest 
weight reductions associated with structured programs of 
physical activity. The relative risk of obesity among indi-
viduals physically active in leisure time (≥5 bouts of physi-
cal activity per week) was ≥50% lower than among those 
who were physically inactive (60).

Significantly lower risk of CVD and all-cause mortality 
have been reported among physically active versus seden-
tary individuals regardless of weight loss. In two follow-up 
publications from the Aerobics Center Longitudinal Studies 
(n=25,714), higher fitness levels were associated with lower 
risk of mortality in normal-weight, overweight, and obese 
men (61,62). Compared with other risk factors (total choles-
terol, HTN, and smoking), having a low fitness level carried 
similarly heightened risks in each weight category for both 
cardiovascular and all-cause mortality. Fitness also predicted 
mortality independent of measures of body dimensions. 
Higher waist circumference was associated with higher 
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mortality, but this association was not significant after 
adjustment for fitness (61). These findings suggest that it is 
as important for health providers to evaluate fitness status of 
overweight or obese patients as it is to evaluate the estab-
lished risk factors.

Similarly, in the Nurses’ Health Studies, after adjust-
ment for age, smoking status, parental history of CHD, 
menopause, hormone use, and alcohol consumption, higher 
levels of physical activity (>1 hour/week) were associated 
with reduced mortality risk across all categories of body 
weight (63). Interestingly, being physically active attenuated 
but did not eliminate the adverse effects of obesity on coro-
nary risk, and being lean did not counteract the increased 
risk associated with being physically inactive (64). This 
finding suggests that physical inactivity may be more delete-
rious to human health than obesity. This concept is supported 
by the findings of other prospective studies that have 
assessed the independent and joint associations between fit-
ness, physical activity patterns, and health outcomes. In each 
of these studies, higher levels of physical activity attenuated 
the mortality risk in all categories of adiposity, and both 
physical inactivity and excess weight were independently 
associated with the risk of CVD (65,66).

Recent findings of large epidemiologic studies reported 
an inverse association between BMI and mortality, often 
termed the obesity paradox (67-72). This phenomenon may 
be the result of undefined chronic illness, resulting in weight 
loss and poor exercise capacity (67). This is suggested by 
our recent studies from the Veterans Affairs database. When 

we considered the fitness status of the participants in the 
cohort, the inverse association was attenuated (68). This was 
further supported by a larger study (n=18,033). During the 
follow-up period (median, 10.8 years), the adjusted mortal-
ity risk was 21% higher for individuals with a BMI of 20.1 
to 23.9 kg/m2 and 56 % higher for those with the lowest BMI 
(18.5 to 20.0 kg/m2) than for those with a BMI of 24.0 to 
27.9 kg/m2. When the cohort was stratified by fitness, the 
trend was similar for low-fit and moderate-fit individuals. 
However, mortality risk was not increased for high-fit indi-
viduals across BMI categories. Thus, fitness greatly affects 
the paradoxical BMI-mortality risk association. Further-
more, these findings indicate that lower BMI levels do not 
increase the risk for premature death as long as they are 
associated with high fitness. Thus, the paradoxically higher 
mortality risk observed with lower body weight as repre-
sented by lower BMI is likely the result of unhealthy reduc-
tion in body weight and, perhaps most importantly, consider-
able loss of lean body mass (73).

CONCLUSION

Improvement in CRF, whether as a result of structured exer-
cise training or adequate physical activity, has an indepen-
dent and graded protective effect against mortality in a large 
spectrum of disease states. The intensity and volume of 
physical activity necessary to realize health benefits are rela-
tively moderate and within the capacity of most middle-aged 
and older individuals. Accordingly, the public health signifi-
cance of increased CRF is enormous.
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