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The Goldilocks Zone for Exercise:
Not Too Little, Not Too Much
by James H. O’Keefe, MD, Evan L. O’Keefe, MS & Carl J. Lavie, MD

In an attempt to promote
lifestyles marked by wellbeing and longevity, it is
our hope that people are
gravitating towards what
we choose to call the
Goldilocks Zone of exercise
as they become aware of
the potential liabilities
of excessive endurance
efforts. From a pure health
standpoint, it is unnecessary
to perform vigorous exercise
for more than 40-60 minutes.
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Abstract
Homo sapiens are
evolutionarily adapted to
be very physically active
throughout life, and thus
habitual physical activity
(PA) is essential for wellbeing and longevity. Never
the less, middle-aged and
older individuals engaging in
excessive strenuous endurance
exercise appear to be at
increased risk for a variety
of adverse cardiovascular
(CV) effects including atrial
fibrillation, myocardial fibrosis,
and coronary atherosclerosis.
An emerging body of evidence
indicates U-shaped or reverse
J-shaped curves whereby low
doses and moderate doses
of PA significantly reduce
long-term risks for both total
mortality and CV mortality,
however, at very high doses
of chronic strenuous exercise
much of the protection against
early mortality and CV disease
is lost. The optimal dose, or
what we term ‘Goldilocks
Zone,’ of PA may be: at least
150 minutes per week of
moderate-intensity aerobic
exercise or 75 minutes per
week of vigorous-intensity
aerobic activity, but not more
than four to five cumulative
hours per week of vigorous
(heart-pounding, sweat-

producing) exercise, especially
for those over 45 years of age.
It is also important to take
at least one day per week off
from vigorous exercise. There
appears to be no concerns
about an upper threshold
for safety for leisure-time
low-to-moderate intensity
activities such as walking at a
comfortable pace, housework,
gardening, etc. After every
30 consecutive minutes spent
sitting, stand up and move,
ideally walking briskly for
about five minutes.
Introduction
Exercise may be best
understood as a medicine with
potent benefits, particularly for the
CV system. As with any powerful
drug, establishing the ideal
therapeutic window is of crucial
importance. An ineffectively low
dose will not impart full benefits,
whereas the adverse effects
stemming from an excessively high
dose may overshadow potential
benefits and introduce detriments.
A lifelong habit of incorporating PA
into one’s daily routine is essential
to a lifestyle ideal for conferring
well-being and longevity. 1 Middleaged and older individuals engaging
in excessive strenuous endurance
exercise appear to be at increased
risk for a variety of adverse
effects—mostly CV in nature. 1-18
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These adverse CV consequences of chronic excessive
endurance exercise have been noted in humans as well
as in animal models. 19, 20
Exercise for Longevity
A broad range of PA has salutar y effects on many
CV risk factors, including lowering resting heart
rate and blood pressure (BP), improving lipids and
glucose, normalizing body mass index (BMI), reducing
emotional stress, improving sleep, and encouraging
other healthy lifestyle choices, such as following a
nutritious diet and avoiding tobacco. 12, 13, 17 Daily
exercise and cardiorespirator y fitness (CRF) are also
linked to lower inflammator y markers. 21
Large long-term epidemiological studies have
consistently reported that regularly undertaking PA
and maintaining good physical fitness are among the most
effective habits for improving life expectancy.5-11, 14, 18 The
consensus emerging from an extensive body of observational
data indicates that a routine of regular exercise is
associated with an increase in life expectancy by up to
six years.5, 9-13, 15-17 By comparison, if medical science
discovered how to cure and/or prevent all cancer,
the average life expectancy in the United States
(US) would rise about 3.5 years. 22 If scientists
were able to eliminate all CV deaths, life
expectancy would rise approximately seven years. 22
Thus, a lifelong habit of effective PA is clearly one
of the most effective approaches for enhancing
longevity and public health. 23-26
In the past five years, a number of large
and scientifically rigorous obser vational studies
have reported that performing as little as 50
minutes per week of strenuous exercise, such as
jogging, will bestow near maximal improvement
in life expectancy related to PA. 5-7, 9-12, 15-17 The
improvement in longevity plateaus with r unning
one to two times per week for a cumulative
distance of five to six miles. 9, 15 Paradoxically,
r unning distances longer than approximately 30
miles per week appears to significantly attenuate
the boost in life expectancy noted with more
moderate doses of exercise. 14, 17, 18, 24, 27, 28
The U-Curves of Strenuous Endurance Exercise
The lion’s share of studies focusing on the topic of
exercise dose and life expectancy report U-shaped or
reverse J-shaped associations for vigorous PA and risk

Figure 1. Forest plot indicating all-cause mortality in light, moderate, and
strenuous joggers compared with sedentary nonjoggers.17

of mortality during follow up.29 The recurring pattern is
that low doses and moderate doses of vigorous exercise
significantly reduce long-term risks for both total
mortality and CV mortality.5-7, 9-11, 13-18 The majority of
high-quality prospective epidemiological studies on this
issue report that the cohort of people who chronically
log very high doses of vigorous PA appear to lose most
or all of the protection against early mortality and CV
disease that was apparent in cohorts attaining low or
moderate doses of vigorous exercise.5-11, 13-18, 24, 25, 27, 28
Cardiac overuse injury is an insidious syndrome
in which excessive strenuous exercise can progressively
precipitate CV damage. Many long-term endurance
athletes have personal experience with orthopedic
overuse injuries—stress fractures, patellar
chondromalacia, Achilles tendonitis, shin splints, plantar
fasciitis, etc. Correspondingly, endurance athletes can
also develop cardiac overuse injuries such as atrial
fibrillation (AF), ventricular ectopy, severe bradycardia,
coronary atherosclerosis, premature aging of the heart,
fibrosis of the atrial and ventricular walls, and rarely
even sudden cardiac death (SCD).2-4
Data generated from the long-term prospective
Copenhagen City Heart Study found that both male
and female runners have life expectancies that are
approximately six years longer than physically inactive
non-runners.15-17 Yet the individuals subjecting
themselves to the highest doses of running, typically
more than three running sessions per week, at a faster
pace, for a longer duration of time (mean of > 4 hours
of running per week), lost the improvement in life
expectancy that was observed in the groups doing low or
moderate doses of running (Figure 1). 16, 17
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Figure 2. Absolute risks and 95% confidence intervals for CV events.6

Similarly, the Million Women Study 6 reported that
among a sizeable cohort of adult females from the
United Kingdom (UK), those women who regularly
completed a heart-pounding, sweat-producing workout
one or more times per week had significantly reduced
risks for coronar y heart disease (CHD) events, venous
thromboembolism, and cerebrovascular disease. 6
However, the cohort of females who did take one or
more days off each week from strenuous exercise lost a
substantial degree of conferred protection against CV
diseases (Figure 2). 6 Another massive epidemiological
study 5 reported that PA markedly reduced the mortality
among those doing moderate doses of exercise, with the
familiar reverse J-curve indicating partial loss of protection
among the cohort doing the highest dose of exercise.
The small sample size of the cohort performing the
very high doses exercise typically causes the upturn at
the far end of the reverse J-curve or U-curve to be not
statistically significantly different from the nadir. Tellingly,
this partial or complete loss of long-term health benefit
tends to be statistically significant in studies comprised
of very large numbers of study participants. For instance,
among the 1.1 million females in the UK study, there were
35,000 women (3.2%) who performed strenuous exercise
seven days each week; their risks of CHD, stroke, and
venous thromboembolism were statistically significantly
higher than the females in the study who each week took
one or more days off during which they abstained from
vigorous exercise.6 In studies comprised of populations
at higher risk, such as those with known CHD disease at
baseline, the exercise-related benefits in life expectancy and
CV health were again significantly decreased among the very
high-dose PA cohort compared to the moderate-dose PA
cohort (Figure 3).18
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Figure 3. For patients after a cardiac event, running and/or walking
reduce risks for all-cause mortality and CV mortality, however these
benefits are lost at the highest levels of exercise, which is equivalent to
running: more than 7.1 km/day or walking briskly more than 10.7 km/
day.18

Figure 4. Relative risk of new-onset AFIB among men > 65 years old. The
exercise-induced reduction in AFIB was attenuated in the cohort doing
chronic strenuous exercise.31

Veteran endurance athletes have approximately a
five-fold higher incidence of AF compared with sedentary
individuals.30 Despite solid evidence that a routine of
moderate exercise decreases risk of AF,31 with excessive
strenuous exercise the AF risk rises dramatically, particularly
for persons older than age 45 years (Figure 4).31
The Physical Activity Guidelines (PAG) for Americans,
published by the Center for Disease Control (CDC), advise
at least 150 minutes per week of moderate-intensity aerobic
exercise, or 75 minutes per week of vigorous-intensity
aerobic activity; at least half (and perhaps as high as 7080%) of the US adult population fails to reach this exercise
goal.2-4, 12 On the other hand, only 2.5% of the population
appears to be overdoing exercise.13, 14 To put this problem
in perspective, approximately 20 people are not meeting
the CDC PAG for every one person who is excessively
exercising.2, 12
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Figure 5. Persistence and non-persistence in leisure time physical
activity for the 12,314 CCHS participants. Risk of all-cause mortality in
fully adjusted Cox proportional hazards regression analysis.1

No U-curves for Light and Moderate
Leisure Time PA (LTPA)
Recent studies of tribes still following the indigenous
hunger-gatherer lifestyles demonstrate high levels of activity
throughout the day, with individuals often sitting for just two
to three hours during their waking daytime routines.21, 32
These people typically reach 16,000 steps per day—roughly
three times the average number of steps taken daily by
American adults. The activity levels of these native people is
nearly all done in light and moderate ranges of intensity.21, 32, 33
These individuals following our ancestral lifestyle stayed
physically active into middle age and beyond, with the
70-year-old elders often moving as much as the adolescent
tribes-people. Notably, both of these modern day huntergatherer tribes had remarkably robust health, and virtually
no CV disease.21, 32
In contrast, studies show that typical US adults sit
about 10 hours out of an average 16 waking hours per
day. A recent methodologically rigorous study reported
that multivariate-adjusted risk of death increased in
proportionally with total sitting time.34 Both the total
amount of sitting time and its accumulation in sustained
uninterrupted bouts were significantly correlated with total
mortality. Individuals who sat for less than 30 minutes at a
time had the lowest risk of premature mortality.34
The Copenhagen City Heart Study recently reported
that LTPA reduces both total mortality and CHD mortality
(Figure 5).1, 25 Compared to the sedentary cohort, mean
life expectancy gains were: 2.8 years for the light PA cohort,
4.5 years among the moderate PA cohort, and 5.5 years for
the high PA cohort. The highest level of overall PA in that
study still paled in comparison to the excessive strenuous
activity range noted in above-mentioned studies (which
were mostly comprised of runners), thus no evidence for

Figure 6. The quantitative volumes of both calcified and non-calcified
coronary plaques were higher in the marathoners than in sedentary
controls.38

a U-shaped relationship was seen in the study of leisure
time activities.5-11, 13-18 In other words, more is better when
it comes to staying active in leisure time with light and/or
moderate PA, such as gardening, walking, or housework,
and active play such as golf, racquet sports, bowling and
dancing.
Regular exercise increases life expectancy in part by
improving physical fitness, especially CRF. In fact, the level
of cardiorespiratory fitness predicts survival better than
does the amount of exercise performed.35, 36 Similarly,
for overweight or obese individuals, physical fitness is an
important predictor of longevity, whereas weight loss is
not.37 Maintaining a physically active lifestyle during leisure
time improves fitness and bolsters emotional and physical
wellbeing for all age cohorts.1
Excessive Endurance Exercise and Coronary
Atherosclerosis
In collaboration with Robert Schwartz, MD, et al., we
studied the association of decades-long marathon training/
racing with quantitative coronary artery plaque volume
as assessed by computed tomography (CT) coronary
angiography.38 We found that long-term marathon running
in men was associated with increased coronary artery
plaque development, with significantly greater amounts
of both soft (non-calcified) and hard (calcified) coronary
artery plaques compared to sedentary controls (Figure 6).
Other studies show that male marathon runners as
compared to sedentary controls have larger amounts of
calcified coronary artery plaque as quantitated by CT
coronary artery calcium (CAC) scoring.39 The recent
CARDIA study, a 25-year long prospective cohort study
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Figure 7. Luminal stenoses in male athletes and sedentary male
controls.41

involving 3,175 individuals, reported that white individuals
chronically attaining at least three-fold the exercise
suggested by the CDC PAG, as compared to a cohort not
meeting the minimum CDC recommended exercise goal,
were 75% more likely to have CAC on CT scans.40 In other
words, during a quarter century of follow up the individuals
performing at least three times the recommended amount
of exercise had significantly higher odds of developing
subclinical coronary atherosclerosis during middle age than
physically inactive individuals.
A recent prospective comprehensive case-control
study assessed 152 masters athletes (77% were runners),
mean age of 54 years with average of 31 years performing
chronic endurance exercise, and compared them to 92
controls matched for age and gender and Framingham
10-year coronary artery disease risk scores.41 Despite a
paucity of traditional CHD risk factors in both groups,
male endurance athletes were twice as likely as male
controls to have a substantial amount of coronary plaque
(44% vs 22% of individuals, respectively) (Figure 7).
Additionally, the coronary plaques were predominantly
calcified in the athletes, as compared to plaques of mostly
mixed morphology—with calcified and non-calcified
components—in the sedentary men (Figure 8). Whether
or not these high exercisers may have stable plaque that is
less likely to rupture causing acute CV events is unknown.
Notwithstanding, significant myocardial fibrosis as assessed
by cardiac magnetic resonance imaging was appreciated
in the left ventricle in 15 (14.2%) of the male athletes as
compared to none of the male controls (P=0.004).41 Other
studies have raised concern about this.42, 43 At present,
we agree with Levine’s recent review/editorial that these
risks are not substantial enough to justify over-frightening
athletes about these risks.44
The mechanical and metabolic stresses produced by
excessive strenuous exercise could play a causal role in
102 | 115:2 | March/April 2018 | Missouri Medicine

Figure 8. Plaque morphology in male athletes and relatively sedentary
male controls.41

accelerated atherosclerosis. Individuals who train and race
over very long-distances experience prolonged elevations
in heart rate, BP, cardiac output, and atrial and ventricular
volumes for up to several hours per day. Strenuous exercise
produces large quantities of free radicals, which deplete
the buffering capacity of the system after about 50 to 60
minutes of continuous intense exercise.3, 4 Thus, oxidative
stress can become problematic after one hour of sustained
strenuous exercise, triggering increased atherogenic
modification of cholesterol particles, and predisposing to
endothelial dysfunction.20 Ultra-endurance exercise also
generates a multitude of additional circulatory system
stresses including protracted elevations of catecholamines
and resultant coronary vasoconstriction, lactic acidosis,
prolonged sinus tachycardia that reduces the diastolic filling
time of the coronary arteries, alterations in free fatty acid
metabolism, and other metabolic derangements.3, 4
These effects noted among some veteran ultraendurance athletes are likely to be playing a causal role
in other features of cardiac overuse injury including:
myocardial fibrosis, increased stiffness and thickness of the
walls of the great vessels as well as the cardiac chambers.
A recent study reported that young (< 30 years of age)
male amateur runners showed transient stiffening of the
aorta and other great vessels immediately following a halfmarathon race.41 Strenuous and protracted endurance
exercise may also precipitate supply-demand mismatch and
demand ischemia, and rarely this can result in myocardial
infarction and SCD.41, 45, 46
Conclusions
We Homo sapiens are evolutionarily adapted to have high
PA throughout life. Even so, our indigenous lifestyle called
for mostly light and moderate PA for most of our waking
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The Goldilocks Zone for Physical Activity
or Physicians Exercise Prescription
•

•

Figure 9. Annual number of individuals (in millions) who completed
running competitions in the US over the past quarter-century.47

hours, with only occasional bursts of more strenuous
exercise. Low doses and moderate doses of vigorous
exercise significantly reduce long-term risks for both
total mortality and CV mortality. Of concern, excessive
strenuous exercise has been shown in many studies to
be associated with increased CV risk for myocardial
fibrosis and scarring, potentially dangerous arrhythmias,
and accelerated coronary atherosclerosis,3, 4 along with
attenuation of longevity benefits noted with less excessive
doses of strenuous PA. Accordingly, we suspect that when
considering the cumulative PA dose as a spectrum from
completely inactive to extremely active, those individuals
located on either end of the continuum (sedentary people
and those logging excessive doses of strenuous exercise)
would reap long-term health dividends by changing their
daily routines to get a moderate dose of PA. With respect
to cardiac overuse injury, there is likely a large amount of
person-to-person variability, with synergistic risk resulting
from multiple factors, such as advancing age, genetics,
excessive alcohol intake, poor sleep, suboptimal diet, and
elevated blood pressure.  
Perhaps in part due to accumulating evidence about the
potential health risks of excessive exercise, the number of
individuals participating in marathons and other strenuous
endurance events, after rising dramatically for 40 years,
has trended lower over the past six years (Figure 9).47 This
downturn coincided with the first publications by us and
others about the potential risks of excessive exercise.2-18 In
an attempt to promote lifestyles marked by well-being and
longevity, it is our hope that people are gravitating towards
what we choose to call the Goldilocks Zone of exercise as
they become aware of the potential liabilities of excessive
endurance efforts. From a pure health standpoint, it is

•

•

•

•

•
•

Aim for the CDC Physical Activity Guideline
150 minutes per week of moderate-intensity
aerobic exercise or 75 minutes per week of
vigorous-intensity aerobic activity
Try to limit doses of vigorous (heart-pounding,
sweat-producing) exercise to not more than 4
to 5 cumulative hours per week, especially for
those over 45 years of age.
After 30 consecutive minutes spent sitting,
stand up and move, ideally walking briskly for
about 5 minutes. Consider a standing desk to
reduce prolonged sitting.
Changing from a completely sedentary lifestyle
to one that incorporates even a modest
amount of PA will confer substantial benefits
to mental and physical health.
For individuals performing doses of strenuous
exercise above recommended levels, consider
substituting less aerobically demanding PA,
such as walking, yoga, stability exercises,
strength training, etc.
There appears to be no concerns about an
upper threshold for safety when performing
leisure-time low-to-moderate intensity
activities, such as walking at a comfortable
pace, housework, gardening, baseball or
softball, bowling, volleyball, golf, doubles
tennis (and other racquet sports), dancing,
croquet, etc.
Take at least 1 day per week off from vigorous
exercise.
For very high exercisers over 50 years of age,
consideration should be given to some cardiac
testing (e.g. CT scanning for CAC, or exercise
testing and /or echocardiography.)

unnecessary to perform vigorous exercise for more than
40-60 minutes. We recognize that some people exercise
longer and more intensely than needed for health benefits
their motivation including competition, improving sports
performance, ego, fun, and camaraderie. Although we try
to emphasize the huge health benefits and minimal risks of
low and moderate PA/exercise doses, the risks of excessive
exercise, although present, may not be high enough to cause
competitive athletes or high-dose athletes to abandon their
behaviors despite these risks.44
Missouri Medicine | March/April 2018 | 115:2 | 103
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