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Abstract

Background—No reviews have quantified the specific amounts of physical activity required for
lower risks of coronary heart disease (CHD) when assessing the dose-response relation. Previous
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reviews have used, instead, qualitative estimates such as “low”, “moderate”, and “high” physical
activity.

Methods and Results—We performed an aggregate data meta-analysis of epidemiologic
studies investigating physical activity and primary prevention of CHD. We included prospective
cohort studies published in English since 1995. After reviewing 3,194 abstracts, 33 studies were
included. We used random-effects generalized least squares (GLST) spline models for trend
estimation to derive pooled dose-response estimates. Among the 33 studies, 9 allowed quantitative
estimates of leisure-time physical activity (LTPA). Individuals who engaged in the equivalent of
150 min/week of moderate-intensity LTPA (minimum amount, 2008 US federal guidelines) had a
14% lower CHD risk (relative risk (RR) = 0.86; 95% confidence interval (Cl), 0.77-0.96),
compared with those reporting no LTPA. Those engaging in the equivalent of 300 min/week of
moderate-intensity LTPA (2008 US federal guidelines for additional benefits) had a 20% (RR =
0.80; 95% Cl, 0.74-0.88) lower risk. At higher levels of physical activity, relative risks were
modestly lower. Persons who were physically active at levels lower than the minimum amount
recommended also had significantly lower risk of CHD. There was a significant interaction by
gender (p=0.03); the association was stronger among women than men.

Conclusions—These findings provide quantitative data supporting US physical activity
guidelines that stipulate “some physical activity is better than none” and “additional benefits occur
with more physical activity”.

Keywords
Meta-analysis; physical activity; coronary heart disease; exercise; women

Introduction

Although prevalence and incidence rates of coronary heart disease (CHD) mortality have
declined since the 1960s, it is estimated that ~17 million people in the United States are
living with CHD in 2010.1 Coronary heart disease causes ~425,000 annual deaths in the US,
making it the leading cause of mortality nation-wide.! Identifying and characterizing
modifiable risk factors for CHD remains important for public health and clinical medicine.

The independent role of physical activity in the primary prevention of CHD is well
established, and has been assessed in numerous reviews or meta-analyses.2=8 Although all
reviews agree that physical activity is associated with 20-30% lower risk of CHD7~8, no
work to date has designated quantitative assessments of the amount of physical activity
required for these lower risks, referring instead to qualitative levels of physical activity (e.g.,
“high” versus “low”).8 Public health guidelines on the amount of physical activity required
for health benefits have relied on individual studies, rather than a systematic assessment of
the overall evidence.®

Many early studies that assessed the relation between physical activity and CHD
dichotomized participants according to their activity levels (e.g., active versus inactive);
however, more recent studies have grouped participants into multiple, quantitatively
designated categories of specific types of physical activity® (e.g., quartiles of leisure-time
physical activity [LTPA], in kilocalories/week [kcal/wk]), making it possible to assess and
describe in detail the dose-response relation. The purpose of this meta-analysis is to pool
results from prospective cohort studies to quantify the dose-response relationship between
physical activity and risk of CHD, including both the amount of physical activity required as
well as the magnitude of benefit to CHD risk.

Circulation. Author manuscript; available in PMC 2012 August 16.
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We followed the Meta-Analysis of Observational Studies in Epidemiology (MOOSE)20
protocols throughout the design, implementation, analysis, and reporting for this study.

Literature Search Strategy

We searched for all prospective cohort studies that assessed potential associations among
various types of physical activity and incidence of CHD in adults (age 18 or older at
baseline). Searches were performed using electronic databases (MEDLINE and EMBASE)
and were supplemented by manually searching through the reference lists of original
publications as well as review articles. Key words included, among others: ‘physical
activity’, ‘motor activity’, ‘energy expenditure’, ‘walking’, ‘exercise’, ‘coronary disease’,
‘heart disease’, ‘ischemic heart disease’, ‘myocardial infarction’, and ‘sudden death’ (full
search terms available upon request). Searches were restricted to articles that focused on
adults, published in English between January 1, 1995 and July 31, 2009. The 1995 cutoff
was chosen to reflect likely changes in physical activity categorization for analyses by
investigators following the 1995 US Centers for Disease Control and Prevention (CDC) /
American College of Sports Medicine (ACSM) guideline,* which allowed for moderate-
intensity activities such as walking, in contrast to recommendations prior to 1995 which
primarily recognized only vigorous-intensity activities as counting toward meeting
guidelines.

Inclusion Criteria

The final collection of selected articles was chosen based on the following a priori inclusion
criteria: the article, published in English between January 1, 1995 and July 31, 2009,
reported a prospective cohort study among human adults that measured effect sizes (relative
risks) of CHD (primary prevention) by level of physical activity (providing either
confidence intervals [CIs] or standard errors [SES]). All types of physical activity, including
leisure-time physical activity (LTPA), time spent walking, walking pace, occupational
physical activity, transport physical activity, ‘non-leisure’ physical activity, and “total’
physical activity were included. If multiple articles were published from the same cohort, we
included the article with the most detailed report for each type of physical activity.

Selection of Articles

Initially, titles were reviewed to ascertain the potential fit to the inclusion criteria. If
relevancy was doubted during the title review, a subsequent assessment was conducted. The
list of potential articles was further shortened by reviewing abstracts and performing
detailed evaluations of the methods and results of each remaining paper. Please refer to
Supplemental Figure 1 for more detailed information regarding the progressive ‘flow’ of the
study exclusion process. Decisions on inclusion were made and verified by two investigators
[JS, JP], and disagreements were adjudicated by a third reader [IL].

Data Extraction

The following details were recorded for each study: author, year of publication, cohort/study
name, geographic location of study (North America, Europe, other), and participants’ gender
(male, female, combined), mean age at baseline, health at baseline (healthy, diabetic), and
race. We also recorded CHD outcome (fatal, nonfatal, both), type of physical activity (e.g.
leisure, walking, occupational, etc.), categorical physical activity level (e.g. 1,2,3), and
where possible (and at each activity level) mean dose of physical activity (e.g. kilocalories
per week [kcal/wk], MET-hours/week [MET-hr/wk], minutes per week [min/wk],
kilometers per hour [km/h]), relative risk of CHD and confidence interval (or standard
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error), and number of cases and total subjects (or person time). We further noted variable
assessment of confounding (crude, age-adjusted, multivariate, multivariate including
plausible biologic intermediates; the multivariate model that included the most plausible
confounders while excluding biologic intermediates was chosen for the primary analyses).
Mean quantitative physical activity information was directly recorded, or inferred using the
available cohort-specific or population norms (e.g. for height and weight). Data abstraction
was conducted independently by two investigators [JS, JP], with disagreements adjudicated
by a third reader [IL]. For articles where quantitative data regarding LTPA were unclear, we
contacted authors for additional data. Please refer to Supplemental Table 1 for further detail.

Meta-Analysis Statistical Techniques

Relative risks (RRs) of CHD were reported for each category of physical activity. For
studies that allowed quantitative estimates of physical activity, the mean (7 studies) or
median (2 studies) of each category was used to define the median physical activity level for
that category. For studies with an open-ended highest physical activity category, we
assumed that the difference from the lowest range of this category to its median was
equivalent to the difference between the lowest range of the closest adjacent category and its
median.}! We excluded from the main analysis studies wherein all participants were diabetic
at baseline, selecting rather from those wherein adults were at usual risk of CHD. We did
not assess or adjust for quality score, as there has not been uniform agreement that
correction for study quality impacts results. Additionally, we believe that the detailed level
of data required to be included in the present analysis was such that study quality would be
generally high and uniform among the studies included.

In an initial ‘qualitative’ analysis intended for comparison with results of previous reviews,
we assessed the random effects summary relative risk of CHD by comparing the highest to
lowest categories of physical activity across studies, for each type of activity reported.
Random effects models allowed for heterogeneity between studies. Study-specific plots
(trend lines) were then constructed to graphically depict the dose-response relation among
levels of physical activity (assessed categorically, normalized to five levels of physical
activity) and relative risk of CHD.

We used generalized least squares (GLST) regression models!? to assess the pooled dose-
response relation between physical activity and risk of CHD across prospective cohort
studies that had heterogeneous categorizations of physical activity. This modeling technique
allows for the estimation of a weighted average of the log RRs across all studies, with the
weight depending in part on the inverse of the variance of the log of the relative risk (i.e.,
larger studies carry more weight). Random effects methods were used in order to take into
account heterogeneity among study results.

All “‘quantitative’ studies (those that allowed quantitative estimates of physical activity
levels) were eligible for inclusion in GLST analyses. However, we were only able to apply
GLST methods to assess LTPA, as there were too few (<2) studies that allowed quantitative
estimates of other physical activity types, or too much heterogeneity among studies (such as
for walking time, where confidence intervals were too wide for reasonable estimates). We
used spline models to conduct GLST analyses for LTPA, which allowed the relation
between physical activity and CHD to vary across the range of physical activity dose in kcal/
wk, but assumed linear relations between designated doses.

Guidelines from the 2008 US Physical Activity Guidelines were used to assign the first two
doses of physical activity at which to assess relative risk.? These guidelines recommend 150
minutes of moderate intensity (3—<6 METS) physical activity per week as a minimum

amount for health enhancement (referred to hereafter as “basic”), and 300 minutes per week
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for additional health benefits ("advanced”). Alternatively, guidelines recommend equivalent
expenditure from vigorous intensity (=6 METS) physical activity (75 and 150 minutes per
week, respectively); or any combination of moderate and vigorous intensity activity that
results in energy expenditure equivalent to either regimen. The cutoffs associated with the
basic and advanced guidelines, converted into approximate units of kcal/wk, were 550 and
1100 kcal/wk, respectively, for both genders combined; 600 and 1200 kcal/wk for men; and
500 and 1000 kcal/wk for women (based on population norms for weight). These intervals
were used as a guide to extend analyses to higher levels of LTPA in order to fit the available
data; higher doses were assigned to balance model parsimony and goodness of fit.

In a sensitivity analysis, we examined lower doses of physical activity (e.g., 275 kcal/wk for
both genders combined), to test the statement in the 2008 US guidelines, which, in addition
to recommended levels of physical activity, also state that “All adults should avoid
inactivity. Some physical activity is better than none, and adults who participate in any
amount of activity gain some health benefits.”®

We also assessed pre-specified potential interaction by geographic region (North America,
Europe, Middle East); adjustment for confounding (multivariate, multivariate inclusive of
intermediates); and CHD outcome (fatal, non-fatal, combined) using GLST spline models,
evaluating p-values for interaction terms with indicator variables. We were unable to assess
potential interaction by age (<65/=65 at baseline) or race (white, black, other), as there was
insufficient variation among included studies. Because assessment of interaction with spline
models had less power (due to multiple degrees of freedom), as a secondary analysis, we
assessed potential interaction using quadratic models. When appropriate, we performed
GLST analyses restricted to strata of potential effect modifiers. Potential publication bias
was assessed using Begg’s Test and a funnel plot.13

All analysis were performed using STATA 10.0 (College Station, TX), with two-tailed alpha
set at p<0.05 for statistical significance.

Search Results

The initial search produced 1545 articles using PubMed and 1649 articles using EMBASE;
87 and 129 studies were selected for further evaluation from PubMed and EMBASE,
respectively. Based on information from abstracts, 68 studies warranted further assessment.
Inclusion or exclusion was determined following a detailed evaluation of the study design,
population, physical activity assessment, and CHD assessment. An additional 7 studies were
identified by hand-searching through references of recent reviews.”- 8 Finally, 33 prospective
cohort studies were selected for analysis'4—46 (see Supplemental Figure 1 for selection
‘flow’, and Supplemental Tables 1 & 2 for characteristics of all studies selected for analysis)
from which 30 assessments of LTPA were analyzed, 10 of which provided quantitative
estimates of LTPA categories.

Binary Analysis

To relate our findings to past reviews, we first compared the highest to the lowest (or
referent) categories of physical activity, for each type of physical activity, using random
effects pooled relative risks (Table 1). The majority of physical activity types were
associated with significantly lower risks of CHD, which varied between 6% and 51%. The
summary risk among all studies that assessed LTPA indicated a 26% risk reduction (RR =
0.74; 95% Cl, 0.69-0.78).
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Within each type of physical activity, pooled relative risks were also provided for each
gender (where there were >2 studies for each gender). For the majority of physical activity
types, the relative risk among the most active women was lower than the corresponding
value among men by approximately 0.10. Among all studies that assessed LTPA, those
conducted in men showed a 22% lower risk (RR = 0.78; 95% ClI, 0.73-0.82) comparing
most with least active; in women, a 33% lower risk (RR = 0.67; 95% Cl, 0.61-0.74).

Within each type of physical activity relative risks were also provided for the subset of
studies that included quantitative assessments of physical activity (where there were >2
studies). These quantitative studies tended to demonstrate relative risks of magnitudes
similar to those observed when all studies were included (Table 1).

Dose-Response Analysis

Plots of the dose-response relation between LTPA, assessed categorically, and CHD risk (30
comparisons [26 studies], out of 56 comparisons [33 studies], included data on LTPA) are
shown in Figure 1. Studies that allowed quantitative estimates of LTPA demonstrated
similar trends as studies that only assessed LTPA qualitatively.

Plots of the dose-response relation between quantitative estimates of LTPA, in kcal/wk, and
CHD risk14-22 (10 comparisons; 9 studies), including a trend line derived from random
effects, one stage GLST spline analysis for both genders combined, is shown in Figure 2.
Pooled results indicated the expected inverse relation between LTPA and CHD risk.
Individuals who met the basic guideline had a 14% lower risk of CHD than those who
engaged in no LTPA (RR = 0.86; 95% CI, 0.77-0.96), whereas those who met the advanced
guideline had a 20% lower risk (RR = 0.80; 95% CI, 0.74-0.88). Additionally lower risks, of
moderate magnitude, were observed among those with higher physical activity levels; e.g.,
there was a 25% lower risk for those active at five times the basic guideline. Among persons
who were physically active at half the basic guideline level (275 kcal/wk), we found a 14%
lower risk of CHD (RR = 0.86; 95% Cl, 0.76-0.97).

Using GLST spline models, we observed significant interaction by gender (P = 0.03). Figure
3 shows trend lines from gender-specific GLST spline analysis. Men who met the basic and
advanced guidelines were at 9% (RR =0.91; 95% CI, 0.79-1.04) and 18% (RR = 0.82; 95%
Cl, 0.74-0.91) lower risk of CHD, respectively, than men with no LTPA. Minimally lower
risk was observed among men who participated in higher levels of LTPA; e.g., there was a
21% lower risk among men who were physically active at five times the basic guideline.
Women who met the basic guideline were at 20% lower risk (RR = 0.80; 95% CI, 0.69—
0.92) of CHD than women who engaged in no LTPA; women who met the advanced
guideline, 28% lower risk (RR = 0.72; 95% ClI, 0.63-0.83). Among women, no added lower
risks were observed at higher levels of LTPA, until five times the basic guideline, which was
associated with a 48% lower risk (RR = 0.52; 95% CI, 0.40-0.67).

We observed no interaction by geographic region, adjustment strategy for confounding
variables, or CHD outcome (data not shown). Because the interaction assessment using
spline models had low power, as a secondary analysis, we assessed potential interaction
using quadratic models. We found significant interaction by gender, adjustment for
confounding, and CHD outcome (all P < 0.05). Despite the low power, we found that among
studies that controlled for plausible biologic intermediates (e.g. BMI, hypertension, and
diabetes), CHD relative risks were higher by approximately 0.1 than those from studies that
did not, indicating that additional adjustment for plausible intermediates attenuated the
observed associations. We observed no effect modification by geography. We found no
evidence for publication bias using Begg’s test (with funnel plot) (P=0.21)
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Discussion

This meta-analysis is the first to quantify the dose-response relation between physical
activity and CHD risk with regard to both physical activity amount and magnitude of lower
CHD risk. We found that individuals who met the basic US physical activity guideline for
health® had a 14% lower risk of CHD, compared to those with no leisure-time physical
activity. Those meeting the advanced guideline had a 20% lower risk of CHD. At higher
levels of physical activity, modest increments of risk reduction were observed. We also
noted lower relative risks among persons who were physically active below the basic
guideline, supporting the guideline’s assertion that some physical activity is better than
none.

Interestingly, we observed a significant interaction by gender, such that the association of
physical activity and CHD risk was stronger in women than in men. We were unable to
assess whether the association differed by race or age, because of insufficient variation
among studies. Geographic region of origin did not influence the association.

It is unclear why we observed a significant interaction by gender. Possible explanations
include biologic differences, methodologic considerations, or some combination of both.
Previous evidence does not support more favorable effects of habitual physical activity on
CHD risk factors (including blood pressure, lipid levels, vascular indicators, cardio-
respiratory fitness, and metabolic syndrome) among women compared to men.8 The type or
intensity of physical activity contributing to total LTPA energy expenditure may differ
between men and women (e.g., men favor vigorous activities while women are more likely
to engage in moderate activities).1’- 43 However, this does not explain the stronger effects in
women, as there are limited data suggesting that vigorous-intensity physical activity may be
associated with additional cardiovascular benefits, beyond its contribution to energy
expenditure.

Methodological issues may explain a portion of the difference. For instance, women have
lower CHD rates?; thus, the presence of imprecisely measured or unmeasured plausible
confounders (such as smoking habit and diet) may have a smaller effect in women than men.

There may be gender differences in the reporting of physical activities. However, it is
unlikely that such misclassification would be greater among men than women since
vigorous-intensity activities (in which men are more likely to engage) tend to be better
reported than activities of lesser intensity.48 Of the studies included, longer duration of
follow-up was more likely in studies of men, leading to greater potential for
misclassification of energy expenditure. However, analyzing a subset of studies with
comparable follow-up in men and women did not change our main results.

The primary strength of this study was the quantification of physical activity amount in
analyses, enabling assessments of the risk associated with specific quantitative levels of
LTPA. We chose to quantify physical activity in units of kilocalories per week (and
accounting for the different average weights of men and women) as they were more
frequently reported in studies, and are a more easily understood unit. We also assessed
potential effect modification by numerous variables, and reported gender specific results.

Although the selection of studies that included quantitative estimates of physical activity
allowed for this more quantitative approach, it also limited the number of studies that could
be included. In a secondary analysis we included several additional studies for which we
were able to crudely estimate quantitative levels of LTPA; findings were similar to the main
analyses. We also examined the potential influence of single studies, and found that no one
study changed results.
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This study was limited by inclusion of only English language studies, possibly resulting in
bias since statistically significant results may be more likely to be published in English.
However, it is unclear whether inclusion of only English language papers does cause
bias.#%:50 By designating meta-analytic methods a priori, we aimed to minimize any
potential investigator bias due to preconceptions. However, it is possible that the a priori
designations, as well as subsequent interpretations, were subject to personal biases. Because
this is a meta-analysis of observational studies, the potential for residual confounding and
bias cannot be addressed through pooling. A primary source of potential residual
confounding is likely to stem from confounding variables which were either unmeasured or
insufficiently measured in the individual studies themselves. For instance, dietary intake was
rarely assessed in the studies reviewed. In all studies included, physical activity was
assessed by self-report; some misclassification of activity levels is probable and quantitative
characterizations should therefore be considered approximate in nature.

We were only able to conduct our primary analysis on LTPA on 9 of 26 of potential studies.
As result, there were insufficient data to assess potential interaction by several important
factors (e.g., baseline age and race). Among women alone, it appeared that there was a
marked and sudden decline in risk at five times the minimally recommended level of
physical activity (Figure 3). However, this data point was based on only 2 studies.

We contacted the authors of the remaining 17 studies to request unpublished quantitative
physical activity data; however, little additional usable information was obtained, as many
of these studies used qualitative categories to assess physical activity. The inclusion of only
the 9 studies for quantitative analyses was unlikely to have biased results, since these 9
studies appeared representative of the broader group of 26 eligible studies. In initial analyses
comparing “high” versus “low” physical activity, which included all 26 studies, findings
were similar to those including only the 9 studies. Further, in comparing our findings with
previous reviews, which quantified only the magnitude of lower relative risks but not the
amount of physical activity required, the results are comparable. Our comparison of “high”
versus “low” physical activity yielded a relative risk of 0.75 for CHD, similar in magnitude
to several past reviews.2 3. 7. 8

In conclusion, the present study provides quantitative data supporting the 2008 Physical
Activity Guidelines for Americans which recommends the equivalent of 150 min/week of
moderate-intensity physical activity for health, and 300 min/week for additional health
benefits, as well as encouraging any amount of activity for those unable to meet the
minimum. Future studies that quantitatively assess the dose-response relation between
LTPA, as well as other types and features of physical activity, and CHD risk will help
clarify the upper end of the dose-response curve and enable additional quantitative
evaluations in future reviews, such as exploring potential differences by age and race.
Additionally, individual participant meta-analyses conducted via collaboration among
research groups, though resource intensive, can make use of existing studies to further
clarify dose-response relationships.>!

Clinical Summary

Physical activity clearly has been shown to decrease the risk of developing coronary
heart disease (CHD). However, the dose-response relation (How much activity is
needed? What level of risk reduction is associated with specified levels of activity? Does
the risk continue to decrease at higher levels of activity?) is less clear. This is the first
meta-analysis of epidemiologic studies to quantify the dose-response relation, examining
both the specific amounts of physical activity and associated risk reductions for CHD
(previous meta-analyses have quantified only risk reductions, but not the specific doses
of activity required). We found that individuals who engaged in the equivalent of 150
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min/week of moderate-intensity leisure-time physical activity (corresponding to the
minimum amount recommended by the 2008 US federal guidelines) had a 14% lower
CHD risk, compared with those reporting no LTPA. Those engaging in the equivalent of
300 min/week of moderate-intensity leisure-time activity had a 20% lower risk. At higher
levels of physical activity, relative risks were modestly lower; for example, at five times
the minimum recommended, there was a 25% lower risk. Persons who were physically
active at levels lower than the minimum amount recommended also had a significantly
lower risk of CHD. These findings provide quantitative data that support the 2008 US
physical activity guidelines. They indicate that the “biggest bang for the buck” for CHD
risk reduction occurs at the lower end of the activity spectrum: very modest, achievable
levels of physical activity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Plot of Relative Risks of CHD by Category* of LTPA

*All study categories were standardized to five categories for ease of comparison. The size
of the data point corresponds to the study size; the larger the dot, the larger the sample size.

Dashed lines  Studies with physical activity categorized quantitatively

Solid lines Studies with physical activity categorized categorically
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Figure 2.
Plot with Spline (Smoothed Fit), and 95% Confidence Intervals of Relative Risks of CHD

by Kcal/wk of LTPA

Relative risk by Kcal/wk of LTPA, GLST Spline Regression Men and Women Combined

Kcal/wk*  Relative Risk (95% CI)

550vs.0  0.86 (0.77,0.96)
1100vs.0  0.80 (0.74, 0.88)
2200vs.0 0.76 (0.69, 0.83)
2750vs. 0 0.75(0.70, 0.81)
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Figure 3.

T I
500 1000
Leisure—time Physical Activity (Kcal/wk)

I T T
1500 2000 2500

Generalized Least Squares (GLST) Regression Spline (Smoothed Fit) Models with 95%
Confidence Intervals

Relative Risk of CHD by Kcal/wk of LTPA, GLST Spline Regression

Men Women

Kcal/lwk™  Relative Risk (95% Cl)  Kcal/iwk Relative Risk (95% CI)
600 vs.0 0.91 (0.79, 1.04) 500'vs.0  0.80(0.69, 0.92)
1200vs.0  0.82(0.74,0.91) 10002vs.0  0.72 (0.63, 0.83)
2400vs.0  0.81(0.73, 0.90) 2000vs.0  0.77 (0.63,0.93)
3000vs.0  0.79(0.73, 0.86) 2500vs.0  0.52(0.40, 0.67)

*
Please refer to Figure 2 footnotes for explanation on physical activity categories.
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