Relation Of Physical Activity And Cardiovascular
Fitness To Coronary Heart Disease, Part I: A
Meta-Analysis Of The Independent Relation Of
Physical Activity And Coronary Heart Disease

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

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

disease (CHD).

Metbods: In Part 1, the evidence suggesting a cansal link between physical activity and CHD protection
independent of other CHD risk factors is reviewed, accounting for bias, confounding, and different study

designs.

Results: A strong, consistent inverse relation is found. Using meta-analytic techniques, the relative risk of
the independent relation of physical inactivity to CHD is 1.37, with a 95 percent confidence interval

(1.27-1.48).

Conclusions: A graded biologic response of CHD protection to physical activity is shown, but the intensity,
duration, and frequency of activity necessary for CHD benefit remain unclear. Plausible biologic mechanisms
for the inverse relation of physical activity to CHD are the risk factor modifications that accrue with physical

activity. (J Am Board Fam Pract 1992; 5:31-42.)

The US Preventive Services Task Force recently
recommended physical activity counseling for all
sedentary persons as part of a national primary
prevention strategy.! This recommendation was
based largely upon the strength of the epidemio-
logic evidence linking coronary heart disease
(CHD) protection and physical activity. Addi-
tional less-consistent literature showing an in-
verse relation between physical activity and hy-
pertension, obesity, and osteoporosis was cited as
the scientific basis for this recommendation. The
purpose of this report is to review critically the
scientific evidence that led to the task force rec-
ommendation. Part I focuses on the questions: Is
there an inverse cause-and-effect relation be-
tween physical activity and CHD? Is this relation
independent of other cardiovascular risk factors?
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Part II will focus on the questions: Is there an
inverse cause-and-effect relation between cardio-
vascular fitness and CHD? What is the relation
between cardiovascular fitness and physical activ-
ity? Is prescribed physical activity safe and is
counseling effective? Answers to these questions
will allow clinicians to make an informed decision
about the scientific credibility of the US Preven-
tive Task Force recommendation on physical ac-
tivity counseling.

The criteria used to establish this causal link
are those proposed by Sackett, et al.2 and include
(1) establishing an association between exposure
and outcome, while accounting for bias and con-
founding, using well-designed epidemiologic
studies; (2) demonstrating an appropriate tempo-
ral sequencing between exposure and outcome;
(3) establishing an appropriate gradient of bio-
logic response to increasing exposure of the
causative agent; (4) evaluating the consistency
among studies using different study designs and
methods of measurement; and (5) identifying
plausible biologic mechanisms to explain the
causal link between exposure and outcome.

Establishing this causal link, however, is not
enough to recommend therapy in asymptomatic
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adults. Clinical trials that show a therapeutic in-
tervention can be both effective and safe and are
usually considered necessary before an interven-
tion is recommended. For example, clinical trials
establishing the efficacy of treating hyper-
cholesterolemia in asymptomatic subjects were
believed necessary before establishing the Na-
tional Cholesterol Education Program (NCEP)
guidelines, despite considerable epidemiologic
evidence showing a causal relation between
hypercholesterolemia and CHD.3-12 Accordingly,
issues of safety and efficacy of the physical activity
and physical activity counseling are discussed.
Physical activity, exercise, cardiovascular fit-
ness, and physical fitness represent distinct behav-
iors or attributes. The inappropriate use of these
terms by investigators has led to confusion about
their respective roles in CHD protection. The
definitdons of physical activity, exercise, physical
fitness, and cardiovascular fitness used in this re-
view are those proposed by Caspersen, et al.!* and
are presented in Table 1. Most of the epidemio-

Table 1. Definitions of Physical Activity, Exercise, Physical Fitness,
and Cardiovascular Fitness,

Physical activity is defined as any bodily movement produced by
skeletal muscles that results in energy expenditure. Physical
activity can be related to leisure-time activities (gardening,
household chores, sports, or exercise) or job-related activities.
The degree of physical activity is usually quantitated in
degrees of exertion related to rest, metabolic equivalents
(METs), or in thermal equivalent of energy expended such as
kilojoules. One MET of activity (3.5 mL of oxygen
consumption per kilogram per minute) for 24 hours is equal
to 24 kcal/kg or 100.8 kJ/kg.

Exercise is defined as planned, structured, and repetitive bodily
movement done to improve or maintain one or more
components of physical fitness. This activity can include
aerobic exercise or anaerobic exercise.

Physical fitness is a set of attributes that people have or achieve
that relates to the ability to perform physical activity.
The health-related components of physical fitness include
(1) cardiorespiratory endurance or cardiovascular fitness,
(2) muscular endurance, (3) muscular strength, (4) body
composition, and (5) flexibility. The skill-related components
of physical fitness that lead to enhanced athletic ability include
(1) agility, (2) balance, (3) coordination, (4) speed, (5) power,
and (6) reaction time.

Cardiovascular fitness is the attribute related to cardiorespiratory
endurance. It is reliably measured by maximal exercise testing
as maximum oxygen consumption measured in milliliters of
oxygen per kilogram per minute. It can be estimated reliably
by submaximal exercise tests. It is determined by the
combination of constitutional factors (genes, sex, body mass,
age), as well as environmental factors (regular aerobic physical
activity, previous experience with the exercise test equipment,
motivational state), and confounding factors (degree of
overall disability and cardiac or respiratory dysfunction).

logic studies have examined the relation of physi-;
3

cal activity (leisure time and job related) th,
CHD.#? All randomized clinical trials haved
evaluated exercise in secondary prevention (pre-%
venting recurrent CHD).30-35 Because only a fews
epidemiologic studies actually studied exercise?
with regard to primary prevention, this revieve:
focuses on physical activity. Additionally, as all oﬁ
the epidemiologic studies regarding physical ﬁt-c
ness and CHD evaluated cardiovascular ﬁtneséZ
and not other aspects of physical fitness, the sec
ond part of this review focuses on cardlovascularm
fimess.}6-42 n-\
Thus by lumtmg the discussion to primary pre-w
vention and using the definitions of physical ac{,’
tivity and cardiovascular fitness in Table 1, a co-sJJ
hesive understanding of the scientific hterature_g
can be attained.

uo 1€'T'S

Methods
All articles written in English relating to the rela-_

tion of physical activity, physical fitness, exercise,5
and coronary heart disease were identified by 25
MEDLINE search using the key words exercise,
coronary heart disease, cardiovascular disease,S
physical fitness, physical activity. A manual reviewY
of the literature was undertaken as well. Thes
study design, populatlon characteristics, andg,
method of assessmg physical activity, cardiovascu-8
lar fitness, or exercise were recorded. The year ofg
the study and the endpoints, such as total mor=2
talityy, CHD mortality, sudden death, nonfamlzj
myocardial infarction, and angina, were recorded.=
More than 75 articles were reviewed. For th
purpose of the summary analysis, only the mosts
recent study was included if several publicationss’
came from the same study population. BecausqQ
women were included in only a few studies, theyo
are not included in the summary analysis. N
For the purpose of the meta-analysis of t.he>
independent relation of physical inactivity and—-
CHD, a two-step process was used. Only eplde-
miologic studies using well-defined measures ofh
exposure (standardized interviews, self-reportedfj
questionnaires, or meticulous job classification)s
were included. Studies that used cardiovascular
fitmess (the attribute) and not physical activity asO
the measure of exposure were analyzed so.eparatelyF+
to avoid misclassification bias. Additionally, onlyg
easily standardized hard endpoints (CHD mor-;
tality, myocardial infarction, or sudden death)g
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were evaluated to decrease measurement error of
the outcome. Second, only studies in which the
multivariate independent relation of physical in-
activity and CHD was available were analyzed.
This selection of studies controls for confounding
bias by adjusting for physical activity affecting
body mass index, smoking, lipid status, and blood
pressure, all of which can affect CHD out-
comes.®$-52 As a result of these selection criteria,
the majority of the studies used in previous meta-
analyses, which only adjusted for age, are not
included in the meta-analytic summary.53:5¢

To compare these results with previous unad-
justed summary estimates of the relative risk (RR)
of physical activity and CHD, physical inactivity
was studied. Methodological details of this meta-
analytic summary are given in the Appendix. The
appropriateness of the weighted mean as a meta-
analytic summary of the effect of physical inactiv-
ity and CHD relies upon a relatively stringent
homogeneity of variance assumption. This homo-
geneity of variance assumption implies that the
difference in studies reflects background variation
of an overall effect. To make this assumption, no
systematic bias related to population differences,
differences in outcomes measured (CHD mor-
tality versus myocardial infarction incidence), or
different exposures measured (total activity, vig-
orous exercise, and job-related activity) should be
present.

To test for systematic bias, the studies’ relative
risk and 95 percent confidence intervals (95 per-
cent CI) were analyzed by study design and end-
point utilized.

Testing for Causality between Physical Activity
and CHD

Are There True Experiments in Humans Showing
an Association? ‘

Randomized Clinical Trials

Despite the clear inferential advantages of ran-
domized clinical trials, no primary prevention
trials of physical activity have progressed beyond
a pilot stage. This lack of clinical trials has
been due to the perceived problems with find-
ing adequate numbers of subjects to insure suffi-
cient statistical power, the cost of such a study,
the problems of dropout, and crossover of in-
tervention and control groups. Additionally, ethi-
cal and logistical issues about management of
other risk factors, such as diet, lipids, smoking,

and blood pressure, make a randomized primary
prevention trial of physical activity unlikely to be
attempted.

Epidemiologic Studies

In a review of the published scientific literature,
using only one comparison per study, 35 of 52
studies have reported an inverse relation between
physical activity and CHD.14,16-26,28,29,53

It is well known from epidemiologic and train-
ing studies that in small groups, regular physical
activity leads to changes in blood pressure,$-4
diabetes mellitus control**’ and insulin sensitiv-
ity,¥ lean body mass,*® lipid profiles,¥-5! and
smoking behavior.’? Each of these factors also
independently contributes to CHD incidence and
mortality. This relation of cardiac risk factor to
physical activity and CHD is by definition con-
founding bias. Consequently, in evaluating the
true independent association of physical activity
and cardiovascular fitness to CHD, these con-
founding factors need to be measured and ad-
justed for in the analysis before any causal infer-
ence can be made reliably.

Fourteen studies listed in Table 2 have been
performed that allow for the evaluation of physi-
cal activity and CHD independent of other car-
diac risk factors (smoking, blood pressure, and
cholesterol).14.16-26.28.29 Of these 14 studies, 12 re-
ported a statistically significant inverse relation of
physical activity and CHD,416-26 and all the stud-
ies showed a trend in that direction. Case-control
studies showed a greater risk of physical inactivity
when compared with cohort studies but were less
precise as revealed by the width of the 95 percent
confidence intervals. Eleven different measures of
assessing physical activity were used, including
measures of leisure-time physical activity, total
activity, and job-related activity. The health insur-

“ance plan study'* and the San Francisco long-

shoreman study?! showed an inverse relation be-
tween job-related physical activity and CHD,
whereas the British civil servants,6 King’s County
primary cardiac arrest,?* Eastern Finland,?’ and
San Francisco federal studies?® did not show occu-
pation-related activity as a risk factor. These re-
sults are consistent with comparisons to 14 addi-
tional studies for which the unadjusted relation of
physical inactivity and CHD have been ana-
lyzed.’* In these studies only 50 percent of the
cohort studies that evaluated occupationally re-
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Table 2. Epidemiologic Studies with Adjusted Relative Risks of Physical Inactivity and Coronary Heart Disease.

Study Design Exposed Cases Exposure Number of RR(95% CI)  Adjustment
Type Participants
US Railroad"” Prospective cohort 434 (CHD death) Leisure 2,562 1.28(0.99-1.63) A, Cig, SBE,C
MRFTT? Prospective cohort 225 (CHD death) Leisure 12,138 1.49 (1.09-2.04) C, DBP, Cig, A,
HDL
Harvard alumni®®  Historical cohort 441 (CHD death) Total 16936  1.57 (1.18-2.09) A, Cig, hyper-
tension
Fx'amingham23 Prospective cohort 371 (CHD death) Total 1,166 1.21 (1.04-1.40) A, BP, Cig, O,
GL ECG
San Francisc;)8 federal Prospective cohort 65 (CHD death) Total,* job 2,065 1.19(0.90-1.57) A, C, SBP, Cig
employees
Honolulu heart?? Prospective cohort 406 (definite CHD) Total 8,006 1.45 (1.14-1.89) C, SBP, BM], A,
pulse, LVH,
, Cig, ETOH
Lipid research clinics Prospective cohort - (definite CHD) Total, leisure,* 1,533 1.02 (0.71-1.47) A, Cig, LDL,
follow-up® job FHx, CHD
Puerto Rico heart!” Prospective cohort 81 (definite CHD) Total 2,389 1.32 (1.01-1.7) A, SBP, Rel Wt,
(Rural) Cig, HR, C
Eastern Finland® Prospective cohort 90 (CHD death) Total,* leisure, 15,088 1.40 (1.1-1.7) A, FHx, health
job status, BMI,
Ed, SN,
Cig,C
Netherlands'® Case—control 473 (acute coronary Leisure 1,348 2.22 (1.67-3.03) A, sex, angina,
events) social, Cig, O,
BP, FHx, DM
King’s County?* Case—control 163 (1° cardiac arrest)  Leisure,” job 2.63 (1.22-5.55) Cig, HTN,
Ed, Oc
San Francisco Historical cohort 291 (CHD death) Job 3,263 2.2 (1.01-4.82) A, BP,Cig, O,
longshoreman?! GL ECG,R
Health insurance Case- control 613 (first MI) Leisure,* job 110,000 1.5 (1.1-2.0) Wt, BP, R,
plan'* Ed, Cig
British civil servants!® Prospective cohort 1138 (clinical CHD)  Leisure,” job 17,944 2.2(1.86-3.08) BP,C, Cig, Wt

RR = relative risk, CI = confidence interval, A = age, C = cholesterol, SBP = systolic blood pressure, DBP = diastolic blood pressure, BP
= blood pressure, Cig = cigarettes, HDL = high-density cholesterol, LDL = low-density cholesterol, LVH = left ventricular hypertro-
phy, ETOH = alcohol, O = obesity, GI = glucose intolerance, Ed = education, FHx = family history of CHD, ECG = electrocardio-
gram, HR = heart rate, SN = social network, BMI = body mass index, R = race, Wt = weight, Rel Wt = relative weight, DM = diabetes

mellitus, Oc = occupation.
*Exposure utilized in determining relative risk.

lated physical activity reported an inverse relation
with CHD.

When leisure-time physical activity was assessed
exclusively, seven out of eight studies showed an
independent inverse relation.1416,18-2024,2529 Only
the Eastern Finland study,?’ which had an inde-
pendent inverse relation for total activity but not
leisure-time physical activity, differed from this
pattern. Of the seven studies that looked at total
daily activity, five showed an independent inverse
relation!722:23:25.26 and two did not.?8?° These dis-
crepant results are most compatible with differing
degrees of misclassification bias of the degree of
physical activity. Thus, occupational classification
discriminates poorly between sedentary and ac-

tive persons in most study populations, whereas
leisure-time physical activity is less prone to this
misclassification bias.

Many of the studies evaluated multiple out-
comes, such as total mortality, CHD death, or
definite CHD. To allow comparison between
studies and to reduce measurement error, CHD
death or definite CHD was used in my analysis.
Total mortality analyzed in 3 of the 14 studies
showed the same inverse independent relation as
CHD death or incidence.2?*?7 This finding sug-
gests that selective mortality was not a substantial
bias in these studies. All 14 studies showed an
association in the unadjusted analysis. In 12 of the
studies in which the independent association was
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analyzed by multivariate techniques,!7-26:2829 the
relation was diminished in each circumstance
but was statistically significant in 10 of the 12
studies.!’?¢ Smoking, blood pressure, and age
were analyzed as confounders in each study,
but only the Multiple Risk Factor Intervention
Trial (MRFIT) study analyzed high-density lipo-
protein cholesterol as a potential confounder.20
In this study of leisure-time physical activity,
the lowest tertile of physical activity was com-
pared with the most active tertile, which showed
an independent inverse relation with total and
CHD mortality (RR =1.49, 95 percent CI=
1.09-2.04).

In summary, it appears that there are valid ex-
periments in humans that establish an indepen-
dent inverse relation between leisure-time physi-
cal activity and CHD incidence and total
mortality.

Is the Association Strong?

Figure 1 is a graph of the relative risk and
95 percent confidence intervals derived from all
the studies in which a multivariate estimate of the
relative risk of sedentary lifestyle was per-
formed.17-2628.2% Pooling the 12 studies in which
the relative risks were adjusted for known con-
founders results in a median relative risk of physi-
cal inactivity of RR = 1.42. Using a meta-analytic
technique to account for the different precision of
the various studies, a weighted mean relative risk
of RR = 1.37 was derived. The 95 percent con-
fidence interval for such a pooled estimate
was 1.27-1.48 with a chi-square test for homo-
geneity x2, = 22.26, P=0.02. This relative risk
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Figure 1. Relative risk and 95% confidence intervals for
physical inactivity and coronary heart disease.

and 95 percent confidence interval suggest that a
statistically significant relation between physical
inactivity and CHD exists independent of tradi-
tional risk factors. The chi-square test for homo-
geneity result suggests that the homogeneity of
variance assumption has been violated.

Stratifying the results by similar study design
and clinical outcomes, the chi-square tests of ho-
mogeneity show no violation of homogeneity as-
sumptions and reveal relative risks of similar mag-
nitudes. For cohort studies using CHD death as
the endpoint, the RR = 1.30, 95 percent CI (1.17-
1.45), X%, = 3.31,df = 3, P = 0.65. For cohort stud-
ies using clinical CHD as the endpoint, the RR =
1.27, 95 percent CI (1.11-1.47), x%, = 2.74,df = 3,
P = 0.56. For case-control studies, the RR = 2.27,
95 percent CI (1.72-2.99), x%,=0.167, df=1,
P=0.32.

In summary, looking at the individual studies
graphically or by pooling the results in a meta-
analytic summary either by their median or
weighted mean average relative risk, the relation
of physical inactivity to CHD is consistently pres-
ent. This relation is present in both the unad-
justed and adjusted analyses with little difference
in the strength of association in cohort studies
measuring leisure-time physical activity. The
strength of the association and therefore the risk
of physical inactivity (RR ~ 1.3) appear consider-
ably less, however, than other traditional risk fac-
tors, such as hypercholesterolemia, cigarette
smoking, and hypertension (RR ~ 2.1-2.5), after
adjusting for study design and accounting for con-
founding bias.

Is the Association Consistent from Study to Study?
Examining the 52 published reports of physical
activity and CHD by study design allows for a
clear inference to be made about the consistency

- of this relation.!%16-2628.29 Fifty percent of the

cross-sectional studies showed an inverse relation
of physical activity to CHD, whereas 60 percent
of the case-control studies showed the same rela-
tion. Forty-two percent of cohort studies in which
occupational categories defined physical activity
showed an inverse relation to CHD, whereas 79
percent of the cohort studies in which physical
activity was measured by leisure-time activity
showed such an inverse relation.

Analyzing the 12 studies in which the adjusted
relation between physical activity and CHD was
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established shows that 83.3 percent reported a
statistically significant inverse relation of physical
activity to coronary heart disease, and all the stud-
ies showed a trend in that direction.!7-26.2829 Cau-
tion should be taken when simply counting the
number of positive studies in coming to a conclu-
sion. If the 17 percent of studies that did not show
the above relation used more precise measures of
the true relation, then an incorrect conclusion
could be drawn.

Pooling the above 12 studies by means of a
weighted average, the studies that are most pre-
cise are weighted the most. Using this technique,
the relative risk is 1.37 and its 95 percent confi-
dence interval is 1.27-1.48 for the overall average
risk. This estimate of the pooled risk is consistent
with the range of the individual studies, suggest-
ing that the association is consistent.

In summary, as the measurement of physical
activity becomes more precise either by study
design or by measurement techniques, a consis-
tent inverse relaton to CHD is found. Thus, the
criterion that the association be consistent study
to study appears to have been met.

Is the Temporal Relation Correct?

Early studies using cross-sectional or case-control
methods could not show temporality. Since those
early studies, a large body of prospective cohort
studies have reported this inverse relation. Two of
the most influential prospective studies, the Brit-
ish civil servant study!*!6 and the Harvard alumni
study,?¢?7 both relied upon self-reports of physical
activity without examining subjects prior to the
onset of the determination of their outcomes.
Thus, a cohort, free of CHD, was not part of
the study design of these important epidemio-
logic studies. Consequently, the inverse relation
of physical activity and CHD in these two studies
could represent differential misclassification
bias. For example, subjects with premorbid CHD
might decrease their activity, leading to a spuri-
ous inverse association between physical activity
and CHD, and not reflect a true cause-and-effect
relation.

Additional studies in which the subjects initially
were found to be free of CHD have been per-
formed. The investigators have conclusively es-
tablished the appropriate exposure first, dis-
ease later temporal relatdon necessary for causal
inference.17,19,2022,23

Is There a Dose-Response Relation?

This requirement of causality suggests that in-
creasing levels of physical activity be assoc1ated°
with a decreasing frequency of coronary heart‘l
disease. Because more than 30 different methods;
have been used to measure physmal activity m'U
epidemiologic studies, it is not surprising that thed
above question is difficult to answer conclusively. =

quyr

Threshold Effect
There is some evidence that a threshold of vigor-
ous physical activity is required for CHD benefit.
The British civil servant examination demon- .
strated a threshold effect.!%:1¢ Only those partla-'
pants who performed 31.5 kJ (7.5 kcal) of vigor-
ous activity showed an inverse relation between
physical activity and CHD. Lesser degrees of ac-
tivity did not show this inverse relation.
Additional support for a threshold effect is® 3
found in the King’s County primary cardiac arrest 9 3
study.?* In this study, only greater than 6 meta-"
bolic equivalents of physical activity was protec-
tive against CHD. In neither study was the dura-2
tion of physical activity evaluated as a separatels
factor. Contrary to this apparent threshold effect, S
the Netherlands study, MRFIT study, Harvard o
alumni study, Framingham heart study, and 5
Puerto Rico heart study have shown benefit from g 5
more moderate degrees of activity.!7-20.23,26
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Intensity of Activity

In the Netherlands study in which habitual walk-=
ing, cycling, and gardening (WCG), as well as:
vigorous exercise, were compared with sedentary
lifestyle, a benefit was shown for both moderate’s
levels of activity (WCG) and vigorous exercise.!8 §
Previous interpretation of this study suggested°
that moderate act1v1ty (WCG) was as beneficial as o
vigorous exercise. This interpretation, however,
does not seem warranted when the study is re- >
viewed more carefully The odds ratio (OR) of =
physical inactivity is 4.76 for vigorous activity &
compared with OR =2.22 for WCG when the >
same referent group (sedentary) is used. Thus, it
appears that vigorous activity exerts greater pro- o
tective benefits than more moderate degrees of:
activity.

Contrary to this statement is the evidence from &
the MRFIT study.?0 This study found no differ-
ence between the second and third tertiles of 5
physical activity in establishing the inverse rela-3
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tion between physical activity and CHD. Com-
paring physical inactivity with heavy activity, the
relative rate was 1.49, and for moderate activity
(the middle tertile), the relative rate was not sig-
nificantly different (RR = 1.56).

Measuring kilojoules or total kilocalories of en-
ergy expended per day in vigorous activity and
using this as an estimate of the combined effect of
intensity and duration of activity does not ac-
count for the possibility that short bursts of vig-
orous activity may have benefits different from
those derived from longer durations of moder-
ate activity. This issue was addressed in the US
Railroad study, which found that 4200 kJ (1000
kcal) of moderate activity was equivalent to 420 kJ
(100 kcal) of vigorous activity per day in CHD
benefits.!?

Dose-Response Relation
The Harvard alumni study, Framingham heart
study, Puerto Rico heart study, and the San Fran-
cisco longshoreman study all show a linear dose-
response relation of physical activity to
CHD. 17213327 The US Railroad study found both
a threshold of 823 kJ/d (196 kcal/d) and a dose-re-
sponse relation for CHD benefit.!® Reviewing the
literature, Haskell’S contended that there appears
to be a threshold of 630 kJ/d (150 kcal/d) above
baseline levels of activity necessary for CHD pro-
tection. Also there appears an increasing, though
not necessarily linear, benefit up to 1680 kJ/d (400
kecal/d) or 12,600 kJ/wk (3000 kcal/wk). Addition-
ally, there appears to be a plateau of benefits
after 14,700 kJ/wk (3500 kcal/wk) as reported
by the Harvard alumni and Puerto Rico heart
studies.!?27

The lack of consistency in establishing a linear
dose-response relation may be explained by the
effect of measurement error in determining the
amounts of physical activity that are actually per-
formed by the subjects. This nondifferential
misclassification bias of moderate levels of
activity has been shown by LaPorte, et al.5¢
using large-scale-integrated activity monitors.
LaPorte, et al. reported a greater correlation be-
tween self-reported activity and a “gold stand-
ard” measure of physical activity (large-scale-
integrated activity monitors) in more active
college students and school children than in sed-
entary MRFIT participants and postmenopausal
women.

Another explanation of these discrepant results
is that vigorous activity that changes cardiovascu-
lar fitness exerts greater CHD benefits than do
low levels of physical activity. This nonlinear en-
hancement of CHD benefits would be plausible if
enhanced cardiovascular fitness leads to CHD
benefits by a mechanism different from low levels
of physical activity.

In summary, there does appear to be a graded
biologic response of CHD to physical activity, but
whether it is linear or has a threshold or both is
not clear. Further study of the intensity, duration,
and frequency of physical activity necessary for
CHD benefit needs to be performed before this
question can be answered reliably.

Does the Association Make Biologic Sense?

Table 3 adapted from Fox and Metcalf %7 lists the
proposed mechanisms by which physical activity
could lead to CHD protection. Physical activity
produces significant risk factor modifications sug-
gesting a plausible mechanism by which physical
activity could reduce the incidence of CHD and

Table 3. Proposed Mechanism by Which Physical Activity May Reduce

Incidence of Coronary Heart Disease.”

System Effect Mechanism of Action

Modifies risk factors Lowers triglycerides, raises high-
density lipoproteins, improves ghu-

cose intolerance, decreases obesity,
lowers arterial blood pressure, less
catecholamine excess during stress,

reduces cigarette smoking
Retards atherosclerosis  Direct effect on endothelium, smooth
muscle proliferation
Prevents coronary Decreases  platelet  adhesiveness,
thrombosis increases fibrinolysis, increases in
plasma volume
Remodels coronary Increases coronary artery diameter,
arteries increases coronary collateral vascu-
larization
Improves myocardial Increases efficiency of heart for a
function given workload, decreases heart
rate, reduces vulnerability to ar-
rhythmi
Improves physiologic =~ Enhanced peripheral blood distribu-
capacity tion, enhanced oxygen use by

peripheral tissues, improved lung
functon
Increases psychological ~Less depression, better relaxation and

well-being sleep, enhanced self-image, im-
stamina
Improves nutrition Expanded diet permits greater intake
of vitamins, minerals, and other de-
sirable dietary elements (anti-
oxidants, fiber, etc.)
*Adapted from Fox and Metcalf.’’
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CHD mortality.¥-52 Animal studies have sug-
gested several different mechanisms for the bene-
ficial effect of regular physical activity. In a study
of monkeys on atherogenic diets, “exercise was
associated with substantially reduced overall ath-
erosclerotic involvement, lesion size, and collagen
accumulation; it also produced much larger hearts
and wider coronary arteries, further reducing the
degree of luminal narrowing,”58 p 1483

This suggestion that physical activity might
have direct effects on atherosclerosis and the
coronary artery anatomy has been studied in
humans. Rose, et al.’ found that on autopsy, the
cross-sectional area of coronary arteries in men
with highly active occupations was greater than
sedentary men. Using angiographic data, Fried
and Pearson® found increased coronary artery
diameters with increased physical activity.
Additional evidence of the direct effect of exer-
cise on atherosclerosis comes from the work of
Selvester, et al.$! Examining serial angiograms
they found a reduction in the progression of coro-
nary atherosclerosis in the most active group. I
have found that regular exercise, but not work-
related physical activity, is inversely related
to angiographically defined premature coro-
nary atherosclerosis in white men (work in
progress).

Evidence that physical activity affects clotting
factors,5263 fibrinogen,* and platelet aggregabil-
ity%’ and therefore leads to decreased thrombosis
also has been shown.

Other potential mechanisms by which physical
activity may reduce the risk of CHD include de-
creasing vulnerability to arrhythmias and improv-
ing the efficiency of myocardial mechanics
through decreasing myocardial oxygen consump-
tion for a given workload. Experimental evidence
supporting these mechanisms in humans is lim-
ited.%:67 Although evidence of coronary dilation
and the direct effects on atherosclerosis for exer-
cise in humans appears promising, there has been
no evidence for development of collateral circula-
tion with regular exercise.®

Thus, it appears that there are plausible bio-
logic mechanisms to explain the proposed expo-
sure-to-outcome relation. The most conclusive
data exist for the role of physical activity in chang-
ing traditional cardiovascular risk factors (smok-
ing, blood pressure, lipids). Evidence for other
mechanisms is growing.

Discussion

Findings from this meta-analysis of the mdepend%
ent relation of physical activity and CHD arep
consistent with the previous reviews by Powell, eﬁi
al.’3 and Berlin and Colditz.’* Powell, et al. ugl
1984 reviewed 47 studies and found a strong,
consistent relation between physmal macuwty*
and CHD.?? Berlin and Colditz, using the same‘*
studies as Powell, et al. in addition to the mores;
recent studies included in the present reviewZ
came to the same conclusions.’* Both of thes%
analyses mixed measures of cardiovascular fitnessg
(attribute) and physical inactivity (behavior) inp
their summary analysis. This mixed analysis of5
cardiovascular fitness and physical activity lead'ﬂ
to concerns about misclassification bias. Becauseg
cardiovascular fitness is less prone to measure<
ment error and shows a greater relative risk, when3
added to studies of physical activity, the true effecu—‘
of physical activity would tend to be overestl-l—‘
mated (bias the results away from the null hypoth-:’
esis). Because cardiovascular fitness is to a largeu
extent determined by constitutional factors, de-:
ferences found in such a mixed analysis can reflec
these genetic differences and not be referable to3
differences in physical activity in cardlovascularly\J
fit and unfit groups. In addition, whereas sex andS
age were evaluated as potential confounders i
the above summary analysis, the roles of leang
body mass, lipids, smoking, and blood pressurea
were not analyzed.

In estimating the strength of the assoclauon,:
Powell, et al.53 calculated the median relative nsla3
of all studies, pooling leisure-time and job-related
activity. They included many case-control studleé
that had greater odds ratios but were less precise.2
Because their summary statistic did not take mto3
account the varying precision of the stud1eso
pooled, their relative risk of 1.9 is probably an;
overestimate of the true relative risk.5 N

Berlin and Colditz,% using an overall weightedZ
average for the unadjusted relation of lelsure-tlme,\J
physical activity and CHD, estimated a pooledi
relative risk of 1.3 with a 95 percent conﬁdencc:<
interval of 1.1 to 1.5. They included studies that2
measured cardiovascular fitness and did not evalu-_&
ate the independent association of physical i inac-3
tivity to CHD. The misclassification and con-3
founding bias in their analysis appear to rnakem
little difference in the estimate of the relative nskg
compared with my multivariate analysis. Theseg

wo
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similar estimates of the relative risk may be be-
cause misclassification bias from mixing cardio-
vascular fitness and physical activity tends to bias
the results away from the null hypothesis and
confounding bias tends to bias toward the null
hypothesis. Thus, the net effect is an estimate of
the relative risk of physical inactivity to CHD
similar to that of the present study.

Selection bias is of particular concern in assess-
ing the validity of observational studies of physical
activity and CHD.® Subjects who are physically
active are self-selected and therefore other char-
acteristics, such as underlying health, disability
status, or a constitutional predisposition to CHD
protection, associated with this self-selection pro-
cess may lead to spurious associations between the
exposure (physical activity) and CHD.

Summary

All the diagnostic criteria necessary to assert that
the scientific evidence showing a cause-and-effect
relation between physical activity and CHD have
been met. This relation appears independent of
the effects of physical activity on other cardiovas-
cular risk factors (smoking, cholesterol, hyperten-
sion, weight) but is attenuated in the adjusted
analysis. Few studies have evaluated the role of
high-density lipoprotein cholesterol as a potential
confounder. Questions persist about the role of
self-selection in the performance of physical ac-
tivity and about the problem of misclassification
bias in early epidemiologic studies. Additionally,
the intensity, duration, and frequency necessary
to gain health benefits are unclear. Lastly, the
degree to which physical activity exerts its effect
through enhancement of cardiovascular fitness is
not known.
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The measures of effect (relative rate, relative risk,
or odds ratios) greater than unity represent an
inverse relation of physical activity and CHD.
Using either the relative risk and 95 percent con-
fidence intervals in the individual published pa-
pers for physical inactivity or the inverse of the
estimate for physical activity, the individual point
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estimates and their 95 percent confidence inter-
vals were derived by the method described by
Greenland.”! In studies where these estimates
were not given directly, the log RR was estimated
from the betas or hazard functions of the logistic
or hazard models given in the individual study.
The standard error for each estimate was ob-
tained either directly from the paper or from the
assumption of symmetric 95 percent confidence
intervals about the log RR given by the formula:
standard error (SE) = (log RR (upper 95% CI) -
log RR (lower 95% CI)]/3.92 or from the P value
or Z score given by SE = log RR/Zp.

The overall weighted average is given byc
RR(av) = Exp[Z(log RR)(1/SE?)/Z(1/SE?)], whereZ
(1/SE?) is the weighting factor. The 95 percent®
confidence interval for the RR(av) = Expf{logS
RR(av) * 1.96(1/[2(1/SE?)]”?}. A chi-squared]
statistic for homogeneity of variance was com-%
puted for each meta-analytic summary using theg
formula: x?, = 3[(1/SE?)]*[log RR-log RR(av)?].~
Where the homogeneity of variance assumption &
was violated, stratification of the results was per-2
formed to account for differences in study design 7
and outcomes, so that the robustness of the meta- 8
analytic summary could be assessed.
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