Relation Of Physical Activity And Cardiovascular

Fitness To Coronary Heart Disease, Part II:
Cardiovascular Fitness And The Safety And
Efficacy Of Physical Activity Prescription

Charles B. Eaton, M.D., M.S.

Abstract: Background: This paper is the second of two reports that together review the scientific evidence
regarding the inverse relation between physical activity and wrdlovascular fitness and coronary heart

disease (CHD).

Methods: Using a MEDLINE search with the key words exercise, physical fitness, coronary heart disease,
and cardiovascular disease, more than 75 articles were reviewed, evaluating study design, measurement
error, bias and confounding, the strength of associations, consistency of resulm, temporal and dose-response

relation, and biologic plausibility.

Results: The relative risk in epidemiologic studies comparing the least to the most fit categories ranges
from 1.2 to 4.8, which is greater than that for physical inactivity. The differences between cardiovascular
fitness (an attribute) and physical activity (a behavior) are highlighted. The range of correlation (r = 0.02 to
0.44) between cardiovascular fitness and physical activity is discussed relative to measurement error and
genetic and environmental factors. Studies reporting the safety of regular physical activity suggest an injury
rate as high as 35 injuries per 100 persons per year. Efficacy studies limited to secondary prevention trials
report a 66 percent compliance rate and 15 percent reduction in total mortality.

Conclusions: The scientific evidence implying a causal relation between cardiovascular fitness and CHD is
strongly positive, but the clinical and public health implications are unclear. Further research and clinical

guidelines are suggested. (J Am Board Fam Pract 1992;5:157-66.)

The US Preventive Services Task Force recom-
mended physical activity counseling for all seden-
tary individuals as part of a national primary pre-
vention strategy.! This recommendation was
based upon the strength of epidemiologic evi-
dence linking increased physical activity and in-
creased cardiovascular fitness with increased lon-
gevity and. decreased coronary heart disease
(CHD) mortality. In a recent review,? epidemio-
logic evidence linking physical activity and CHD
protection was critically appraised using the diag-
nostic tests of causality suggested by Sackett, et al.3

Submitted, revised, 28 October, 1991,

From the Department of Family Medicine, Memorial Hospital
of Rhode Island, Pawtucket. Address reprint requests to Charles
B. Eaton, M.D., M.S., Department of Family Medicine, Brown
University/Memorial Hospital of Rhode Island, 111 Brewster
Street, Pawtucket, RI 02860,

Partial support for this manuscript was supplied by a Public

" Health Service National Research Service Award, 5T32

HL07642-04.

This review uses the same criteria to judge the
relatdon of cardiovascular fitness and CHD and
discusses the interrelation of physical actvity to
cardiovascular fitness. Additonally, in this report,
the safety and efficacy of physical activity and its
prescription are reviewed. A commentary on the
research and clinical implications of this critical
appraisal is provided.

Cardiovascular fitness is the most studied as-
pect of physical fimess relating to CHD when
compared with other determinants of physical
fitness, such as muscular endurance and strength,
body composition, flexibility, agility, balance, co-
ordination, speed, power, and reaction time. For
this reason, this review focuses on cardiovascular
fitness and avoids the term physical fitness in the
discussion below.

Methods

All articles written in English relating to the rela-
tion of physical activity, cardiovascular fitness,
and coronary heart disease were identified by a
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MEDLINE search using the key words exercise,
coronary heart disease, cardiovascular disease,
physical fitness, physical activity. A manual review
of the literature was undertaken as well. The
study design, population characteristics, and
method of assessing physical activity, cardiovascu-
lar fitness, or exercise were recorded. The year of
the study and the endpoints, such as total mortal-
ity, CHD mortality, sudden death, nonfatal myo-
cardial infarction (MI), and angina were recorded.
More than 75 articles were reviewed.

Testing For Causality between Cardiovascular

Fitness and CHD
Are There True Experiments in Humans Showing

an Association?

Randomized Clinical Trials

Because cardiovascular fitness is an attribute re-
lated to cardiorespiratory endurance, it cannot be
randomly allocated but can only be measured in
individuals. Thus clinical trials cannot evaluate
this potential association.

Epidemiologic Studies
Table 1 lists the seven studies in which the rela-
tion of cardiovascular fitness and CHD have been
evaluated.*19 All seven studies reported a consis-
tent inverse reladon between cardiovascular fit-
ness and CHD. Five of the seven studies evaluated
age, smoking, cholesterol levels, and blood pres-
sure as confounders,%6:8-10 3nd all showed an inde-
pendent inverse relation between cardiovascular
fimess and CHD. Two studies, the Belgian Fac-
tory Workers® and the Lipid Research Clinics
(LRC) mornlity follow-up study,® evaluated
high-density lipoprotein (HDL) cholesterol as a
confounder and again demonstrated an inverse
independent relation between cardiovascular fit-
ness and CHD. Of interest, the Los Angeles
County Study* reported an interaction between
traditional risk factors and cardiovascular fitness
in which the benefit of enhanced cardiovascular
fitness was found only in the group with above-
median risk for smoking, increased blood pres-
sure, and elevated cholesterol. This stratification
of benefit was not seen in subsequent larger stud-
ies, such as the Lipid Research Clinics mortality
follow-up study,® the US Railroad study,’® and the
Cooper Clinic study.!

All the studies had a disease-free cohort that
was monitored for a variable period (4.8 to 20

years), thus decreasing misclassification bias of
the exposure. All investigators evaluated relatively 5
hard endpoints, including CHD mortality, except @
in the Los Angeles County study, in which symp- §
tomatic myocardial infarction was evaluated. J
Using such hard endpoints should reduce meas- %
urement error of the outcome. In two studies, the 3 B
US Railroad study® and the Cooper Clinic,!0 total
mortality was evaluated, as well as CHD mortal- &
ity, and an independent inverse relation was 2
shown. This suggests that selective mortality did &
notleadtoa spurious association.

In summary, in well-designed epidemiologic &
studies that account for bias and confounding, an o
inverse relation of cardiovascular fimess to CHD H
incidence, mortality, and total mortality has been
demonstrated.

e po

Is the Association Strong?

Because different testing procedures for measur-
ing cardiovascular fitness (submaximal cycle er- >
gometer, submaximal and maximal treadmill = =
tests), different cutoff values (stage 2 heart rates, 3 s
total treadmill duration, work capacity at a fixed 2
heart rate or stage of testing), and different com- S
parisons (above and below median, quartiles, o o
quintiles) were used, it is not surprising that dif- £
ferent strengths of association between cardiovas-
cular fitness and CHD incidence were found.

In reviewing the seven studies, however, some 3
generalities about the strength of association can 3
be made. All studies in which the least fit groupt.
was compared with the most fit group, a strong £ s
consistent relation between increasing benefits §
and increasing cardiovascular fitness was found. &
The risk of poor cardiovascular fitness ranges : 5
from 1.2 in the US Railroad study to 4.8 in the &
Oslo study (Table 1). In summary, there appears 9
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to be a strong inverse association between cardio- i3
vascular fitness and CHD. z

N
Is the Association Consistent? S

In all seven studies comparing cardiovascular fit- o
ness with CHD, despite different measures of & Q
cardiovascular fitness, cutoff values, and popula- 2
tions, an inverse relation has been found. This v
finding suggests a high degree of consistency. The & g
degree to which poor test performance or classi- &
fication to the lowest fit categories reflects undi- o
agnosed premorbid CHD or unrecognized dis-
ability remains unclear in many of these studies.
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Table 1. Cardiovascular Fitness and Coronary Heart Disease.*

Follow- Measure of
Study Population Up(Yr) Cases Outcome Fitness RR Adjustments
Los Angeles County* 2779 4.8 36  Symptomatic Below median 2.2 Age, Smoking,
myocardial PWC (bicycle) Chol, Sys BP
infarction
Oslo, Norway? 2014 7 58 CHDdeath  Quartiles CW/kg 484 —
(bicycle)
- Norway, Nordbyhagen® 1832 7 — CHDdeath Quartiless TW/kg - Graded ' —
(bicycle)
Belgian Factory 1476 5 19 CHDdeath PWC 150/kg 4.0 Age, Smoking,
Workers$ (bicycle) HDL, Sys BP
Lipid Research Clinics 3106 8.5 45  CHDdeath  Stage 2 heart rate 3.2 Age, Smoking,
mortality follow-up? (treadmill) HDL, LDL,
_ Sys BP
US Railroad’ 2431 20 260 CHDdeath  Exercise heart 1.2 Age, Sys BP,
: rate at 3 min Chol, Smoking
(treadmill)
Cooper Clinic' 13,344 8 283 Allcause Maximal 1.58 (men)  Age, Smoking,
mortality treadmill 1.94 (women)  Sys BP, Chol,
time FHx, Glucose

*RR = relative risk; PWC = physical work capacity (watts); CW = cumulative work (kpm); TW = total work; PWC 150 = physical work
capacity at a heart rate of 150 beats/minute; Chol = Cholesterol; Sys BP = systolic blood pressure; FHx = family history of CHD;

HDL = HDL cholesterol.

Is the Temporal Relation Correct?
All seven studies were prospective in design and

- each had an inidal disease-free cohort as deter-

mined by the history and physical examination of
the participants. Thus the appropriate temporal
relation for causality is present.

Is There a Dose-Response Relation?

In six of the seven studies, several levels of cardio-
vascular fitness were evaluated. All investigators
were able to show a biological gradient of re-
sponse of CHD to increasing levels of cardiovas-
cular fitness.*19 In the Cooper Clinic study, using

the most reliable measurement of cardiovascular

fitness (maximal exercise testing), a linear dose-
response relation was reported in both men and
women. Careful inspection of the results, how-
ever, shows that only the most unfit group dif-
fered significantly more than by chance from
those in the other four quindles. This lack of
statistical significance for each level of cardiovas-
cular fitness suggests that caution should be taken
in stating that a definite dose-response relation
has been established.

Does the Association Make Biologic Sense?

- Evidence that increasing cardiovascular fitness is

associated with decreased cardiovascular risk fac-

tors (less smoking, lower blood pressure, lower
serum cholesterol, elevated high-density lipopro-
tein cholesterol) is abundant.¢!! The independ-
ent association of cardiovascular fitness and
CHD, however, suggests that other biologic
mechanisms are operative. Evidence of increased
myocardial efficiency by cardiac or peripheral
mechanisms, as well as changes in coronary
anatomy or thrombotic-related events, could ex-
plain the proposed independent relation.12-33
Most studies evaluating these biologic mecha-
nisms have relied upon physical training and not
measured cardiovascular fitness as such. There-
fore, while the above mechanisms appear plausi-
ble, there is little experimental evidence in hu-
mans to validate these assumptions.

Discussion

Cardiovascular fitness as measured by exercise
testing is an attribute that is related to a person’s
genetic makeup, age, weight, regular exercise,
and habituation to the test equipment. Although
all seven studies reported an inverse relation of
cardiovascular fitness to CHD incidence in popu-
ladons, which of the above factors is responsible
for this difference? Clearly, age and weight are
accounted for in the statistical analysis. Habitua-
tion to the test would appear to be similar be-
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tween high- and low-fitness groups and therefore
not a factor.

Work by Klissouras?* measuring maximal aero-
bic power in 25 pairs of male twins (aged 7 to 30
years) and using a simple additive model of
hereditary and environment without interaction
showed that approximately 80 percent of the
intraindividual variance could be explained by
genetics alone. This finding would suggest that
when we measure cardiovascular fitness, we might
be measuring a constitutional factor that has no
ability to be changed. Thus the relation of CHD
to cardiovascular fitness would be of little public
health importance. More recent studies by
Bouchard? suggest that only 30 percent of the
intraindividual variance is genetic in origin and
that 70 percent is susceptible to environmental
change.

Understanding the relation between physical
activity and cardiovascular fitness is critical in
pursuing a primary prevention policy with regard
to sedentary lifestyle. The correlation between
measures of physical activity and cardiovascular
fitness in the epidemiologic studies where both
were measured were the following: 7 = 0.02 in the
Health Insurance Plan of Greater New York
(HIP) job classificadon study,?® =0.10 in the
Belgian fitness study, r = 0.32 in the Los Angeles
County employee study,* »=0.41 in the sweat
frequency study by Siconolfi, et al.,?” r = 0.41 for
total leisure time activity, and 7 = 0.44 for heavy
leisure time activity using the Minnesota leisure
time activity questionnaire.’® Thus the correla-
tion between physical activity and cardiovascular
fimess is modest to weak in large populations. In
the four studies in which physical activity and
cardiovascular fitness were measured in the same
population, only cardiovascular fitness was pre-
dictive of CHD benefit in three (Belgian Factory
workers, Los Angeles County employees, and
LRC follow-up mortality participants),*68
whereas both were predictive of CHD benefit in
one (US Railroad study).® Therefore, it appears
that cardiovascular fitness is a better predictor of
CHD benefit.

To understand better the interrelation of
physical activity and cardiovascular fitness to
CHD, the difference between the determinants
of a population’s cardiovascular fitness and an
individual’s cardiovascular fitness needs to be ex-
plored. On an individual basis, physical activity

can in 4 to 6 weeks produce significant gains in¢
cardiovascular fimess. Saltin, et al.?? showed an3
approximate 25 percent improvement in max1malo
oxygen uptake after tralmng individuals after beda
rest. This increase in cardiovascular fitness re-p
lated to physical activity, however, may not bey
true in epidemiologic studies when the effect of§
cardiovascular fitness on CHD is studied in ag-=
gregate. Here the differences in cardiovascular
fitness may not represent changes in conditionings
levels of physical activity but may be related to the:
degree of disability or genetic factors of the studyﬂL
participants.

Some of this lack of correlation between car-;
diovascular fitness and physical activity could bem
related to greater misclassification bias assoaated—
with physical activity in epidemiologic studies.5
Addmonally, the lack of variability of physical®”
activity in a largely sedentary population and the;
large genetic component of cardiovascular fitness)
could explain the modest correlations.

TE0T S

B T UO

Summary for Cardiovascular Fitness and CHD S
Although all the diagnostic tests for a cause-and-i3
effect relation between cardiovascular fitness and
CHD are strongly positive, the implication of this§
causal link to a national primary prevention rec—E
ommendation is unclear. The association of car-§
diovascular fitness to CHD has public health and®
clinical relevance to the degree that changes i mo
behaviors (physical activity) can change cardio->

vascular fitness.

Y
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Safety and Efficacy
Assuming a causal relation between physical inac-&
tivity and CHD has been adequately established,? 3
recommending a “treatment of physxcal activity”S

to asymptomatic individuals requires evidence ofS
safety and efficacy of this intervention. Limited s
studies have addressed this issue from the per-3
spective of primary prevention.

\4
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Safety

Even though the risk of sudden death from j jog-€
ging and pammpauon in cardiac rehabilitation®
programs is small,’®3> there is little evidence?
about the risk of injury and exacerbation ofcu

chronic disease with other. common forms ofm»

physical actlv1ty No published data exist for r.he\<
risks of injury in the general population for mod- 3
erate physncal activity, such as walking, aeroblc‘<

gd]
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exercise, swimming, and recreational bicycling.
Indirect estimates of the potential risk for injury
can be found in the Canadian Fitness study.}4
When asked why participants stopped regular ex-
ercise, 19 percent answered injury. For each cate-
gory, the frequency with which participants
stopped exercise because of injury was: jog or run,
22 percent; swimming, 10 percent; aerobics, 21
percent; bicycling, 13 percent; walking, 37 per-
cent; and exercise class, 10 percent. Caution
should be taken in interpreting these data, as they
reflect only the percentage of those who reported
stopping regular exercise, not the injury rate in
the total survey population.

A cross-sectional study of runners of the
Peachtree road race showed that 35 percent were
injured within 1 year.’s Thirteen percent of the
men and 17 percent of the women were injured
severely enough that they sought medical atten-
tion. Overuse injuries, particularly to knees, were
the most common. Additional problems with haz-
ards occurred with strikingly high frequency. Four
percent of the participants had dog bites, 7 percent
had objects thrown at them, and about 1 percent of
the men were involved in vehicular trauma.

In summary, while the life-threatening risk of
regular physical activity appears small compared
with its perceived benefits, there are few data on
the long-term associated morbidity and injury
rate of regular physical activity.

Efficacy

Whereas it appears that physical activity prescrip-
tion is as efficacious as other office-based health
promotion strategies’s-3? in obtaining short-term
compliance, there are no data on long-term com-

pliance. The only efficacy studies that have been
performed have been secondary prevention trials
in postmyocardial infarction patients. Table 2
enumerates the six studies in which efficacy has
been tested.*>-+ In these highly selected, mot-
vated individuals, 23 to 33 percent were non-
compliant with the prescribed exercise regimen.
Of the six studies, four showed a trend for CHD
benefit,**# but only one showed a statistically
significant result (Finnish Multiple Risk Factor
Post-Infarction study).* Pooling these data, May,
et al.* reported a clinically relevant but not statis-
tically significant 15 percent reduction in total
mortality.

In summary, it is uncertain whether this sec-
ondary prevention data can be generalized to an-
swer questions about the efficacy of primary pre-
vention. There are no data on the efficacy of
physical activity counseling in asymptomatic popu-
lations in reducing CHD incidence and relative
sparse data on the effectiveness of physician coun-
seling in promoting changes in physical activity.

Clinical and Research Recommendations
Comparing the scientific evidence available to the
US Preventive Services Task Force in developing
its recommendations for the prescription of phys-
ical activity in sedentary populations with the evi-
dence for the National Cholesterol Education
Panel guidelines for cholesterol screening and
treatment underscores the limited amount of con-
clusive evidence available for recommending
physical activity.1#7-55 The purpose of this review
is not to make a different set of primary preven-
tion recommendations but rather to prevent pre-
mature closure on this issue.

Table 2. Differences in Outcomes (Percentages) in Randomized Clinical Trials of Exercise and Recurrent Coronary Heart Disease Comparing

Treatment with Control Groups.

Study Total Mortality

Coronary Heart Disease ~ Myocardial Infarction

Sudden Death

Helsinki (1972)% 0
Goteborg (1975)% }18

0

Oulu (1976)4 147 128

Finnish Multiple Risk
Pactor Post-Infarction

(1979)# 427 137

National Exercise and
Heart Disease Project

1981)®B 137 129.5

Ontario Heart (1975)% —_

— 159
i —
$19 —

87 —
19.2 ' —_

*P < 0.05.
P < 0.01.
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Further research to establish the necessary sci-
entific basis for physical activity counseling as a
primary prevention strategy falls under three
major categories. The first area is to establish
firmly the cause-and-effect relation between
physical activity and CHD benefit. A primary
prevention trial of physical activity and CHD
mortality is highly unlikely because of problems
with the size and duration of such a study, its cost,
the problems with compliance (crossovers and
dropouts), and the ethics of not concomitantly
treating other cardiac risk factors. A primary pre-
vention trial using progression of angiographi-
cally defined coronary artery disease as an end-
point might be feasible in high-risk patients who
have had either angiography for atypical chest
pain or positive exercise stress tests. Statistically
significant results could be attained in a trial of
modest size with only 1 to 2 years of follow-up.
Concerns of cost and compliance therefore could
be overcome. Perhaps a more useful approach
would be the simultaneous evaluation of repeated
measures of cardiovascular fitness and physical
activity in a prospective cohort study. This ap-
proach would allow for assessment of the effect of
changes in physical activity on CHD incidence
and mortality. Additionally, it would allow for
investigation of the dynamic interrelation of car-
diovascular fitness and physical activity with
CHD mortality in target populations that are
more similar to the US population than are those
in clinical trials. Because only one study of physi-
cal activity and CHD has evaluated the role of
HDL cholesterol as a potential confounder, more
prospective studies evaluating this relation need
to be performed.

A second area of need is epidemiologic data
from well-designed studies quantfying the risk of
injury for both moderate and vigorous activity in
sedentary populations. Differences in injury rates
of exercise participation comparing self-initiated
programs with physician-recommended exercise
programs would be useful to explore.

The third area needing additional research is
the issue of effectiveness of exercise recommenda-
tion. Can physicians effectively recommend exer-
cise in such a way as to change patients’ behavior?
What factors predict adherence to behavioral
change and are they modifiable? Are the changes
of sufficient duration and strength to change
CHD outcomes?

Answers to these research questions would es-
tablish a more credible scientific basis for the US
Preventive Services Task Force recommendations
for physical activity counseling.

Despite the Limitations of the Present Scientific
Evidence, Are There Any Useful Clinical
Recommendations to Be Made?

The strongest epidemiologic evidence suggests
that regular vigorous (6 metabolic equivalents)
leisure-time physical activity performed at a
frequency and duration recommended by the
American College of Sports Medicine (15 to
60 minutes, 3 to 5 times per week) should provide
1680 kJ per day (400 kcal/d) or 12,600 kJ/wk
(3000 kcal/wk) of energy expenditure.*¢ This level
of activity should enhance cardiovascular fitness
in most sedentary individuals.’” In almost all the
studies reviewed, such an exercise regimen should
lead to increased CHD protection. Whether less
vigorous physical activity (of both intensity and
duration) that does not enhance cardiovascular
fitness is beneficial is speculative. Additionally,
whether job-related physical activity is of benefit
is also unclear.?

Concern that injuries rates associated with vig-
orous physical activity of 6 metabolic equivalents
(METS) or greater (team sports, running or jog-
ging, singles tennis, aerobics, cycling, and lap
swimming) are greater than less vigorous activi-
ties has not been borne out in the few studies that
have looked at this issue.’85? Walking has become
by far the most common leisure-time physical
activity in the United States.®® Walking briskly at
4.5 to 5 mph with the arms swinging should allow
most individuals to meet the 6-MET threshold.®!
For the more cardiovascularly fit individuals, ad-
dition of hand weights will provide the necessary
metabolic work to meet this 6-MET threshold.
Many individuals find pulse-monitoring difficult
and a barrier to regular exercise. Dyspnea, which -
is associated with the production and buffering of
lactic acid and which occurs at approximately 65
percent maximum oxygen consumption (VO,
max), can be a more efficacious guideline to judge
the adequacy of exercise during the initial phase
of exercise prescription.5?
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ABFP ANNOUNCEMENT

Geriatrics Certificate of Added Qualification (CAQ)

The last opportunity to qualify for the American Board of Family Practice (ABFP)
Certificate of Added Qualification in Geriatric Medicine via a nonfellowship pathway will
be April 1994.

Applications will be available beginning July 1, 1993. All applications must be returned
to the Board office by November 1, 1993.

RESERVE YOUR APPLICATION TODAY

Send a written request on letterhead stationery and your application will be automati-
cally sent to you in July 1993.

Send your written request for application materials to:

Geriatrics CAQ
American Board of Family Practice
2228 Young Drive
Lexington, Kentucky 40505
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