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Abstract
Purpose—Although there is substantial evidence that physical activity reduces a person's risk of
cardiovascular disease (CVD), few of these studies have included African Americans. The studies
that have included African Americans offer inconclusive evidence on the association and none
studied heart failure separately. We used data from the Atherosclerosis Risk in Communities study
cohort to examine, in African Americans, the association of physical activity with the incidence of
CVD and its major components – stroke, heart failure, and coronary heart disease.

Methods—Participants aged 45 to 64 years (3,707 African Americans and, for comparison,
10,018 Caucasians) had physical activity assessed via questionnaire in 1987 and were followed for
incident CVD (n=1,039) through 2008.

Results—After adjustment for potential confounders, physical activity was inversely related to
CVD, heart failure, and coronary heart disease incidence in both races (p-values for trend <.0001),
and with stroke in African Americans. Hazard ratios (95% confidence intervals) for CVD for each
higher physical activity category were similar by race: 1.0, 0.65 (0.56, 0.75), and 0.59 (0.49, 0.71)
for African Americans and 1.0, 0.74 (0.66, 0.83), and 0.67 (0.59, 0.75) for Caucasians (p-value for
interaction = 0.38).

Conclusions—Our findings reinforce recommendations that regular physical activity is
important for CVD risk reduction in African Americans as well as Caucasians and support the idea
that some physical activity is better than none.
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Introduction
There is substantial evidence that physical activity reduces a person's risk of cardiovascular
disease (CVD) (30). However, the vast majority of U.S. studies on this topic have been in
Caucasian populations. A quote from the 2008 Physical Activity Guidelines Advisory
Committee Report (30) indicated that “few studies conducted in the United States have had
an adequate sample size and clinical outcomes to evaluate the association between physical
activity and CVD clinical events in race or ethnic groups other than non-Hispanic whites.”

The relation between physical activity and CVD in African Americans is among the
associations not well documented: Only seven (6; 8; 9; 11; 15; 19; 33) reports that employed
a cohort study design had >10% African Americans in their study populations. Four of these
seven (8; 11; 15; 33) focused on mortality from total CVD and not incidence (morbidity);
only two (9; 19) studied coronary heart disease (CHD) as a separate endpoint, one (6)
studied stroke, and none studied heart failure (HF). Two studies indicated that the benefits of
physical activity on CVD risk do not vary by race, and, therefore, extend to African
Americans (11; 19). However, one (11) was done in a diabetic population, so it cannot be
generalized to the population at large. Three other studies with a large number of African
American participants found a strong inverse association between physical activity and CVD
in their populations, but did not stratify or look for interaction by race (8; 15; 33). The
remaining two reports (6; 9) were from the Atherosclerosis Risk in Communities (ARIC)
study. The first (6) found a weak inverse association between physical activity and incident
ischemic stroke. It did not test for race interaction, but when the cohort was stratified by
race, stroke was (qualitatively) inversely related to physical activity in African Americans,
while the pattern was less consistent among Caucasians. The second report (9) from ARIC
suggested that the benefits of physical activity on CVD risk do vary by race and may not
extend to African Americans. It examined the association between physical activity at
baseline and CHD incidence in African Americans over 4–7 years. It reported no
association, but was limited by few CHD events (n=89) over a relatively short follow-up.
Additional data would help solidify conclusions about physical activity and CVD in African
Americans. The cardiorespiratory health section of the 2008 Physical Activity Guidelines
Advisory Committee Report (30) concludes with research needs: “In the course of reviewing
the literature…several significant deficiencies in the published literature became apparent.
More information addressing the following issues would have significantly improved the
information base used to formulate physical activity recommendations.” Of the 9 items that
were listed, one was “Are there responses that differ by ethnic and racial minority
differences?”

We currently have the opportunity to reevaluate this association in ARIC, except with longer
follow-up, a greater number of events, and, therefore, greater statistical power. This report
details, in African Americans in ARIC, the association of physical activity, measured at
baseline and visit 3, with CVD incidence and its major components – stroke, HF, and CHD
– over a follow-up period of 21 years. For comparison purposes, we also examine the
association of physical activity with CVD in ARIC Caucasians. We hypothesize that there
will be an inverse association between physical activity and CVD in African Americans and
that there will be no differences by race.

Methods
Study design and population

The ARIC study is a large, population-based cohort with the primary aim of identifying the
causes of atherosclerosis and its clinical outcomes. Detailed descriptions of the ARIC study
design and objectives have been published elsewhere (27). Briefly, the study enrolled a
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biracial cohort of 15,792 adults aged 45 to 64 years at baseline from four US communities:
Forsyth County, NC; Jackson, MS (African Americans only); suburban Minneapolis, MN;
and Washington County, MD. Cardiovascular risk factors were collected at the baseline
clinic examination, conducted between 1987–89. Approximately 46% of eligible
participants in Jackson and 65% in the other three communities completed the clinic visit,
yielding a total of 15,792 participants. A previous report described the non-participants (13).
The cohort underwent reexamination visits at roughly 3-year intervals, with a 93% return
rate for visit 2 (1990 – 92), 86% for visit 3 (1993 – 95), and 81% for visit 4 (1996 – 98).
Follow-up also occurs yearly by telephone to maintain contact and to assess the health status
of the cohort. Written informed consent was obtained from participants, as approved by the
institutional review boards at each study center. ARIC protocols have been described
elsewhere (27).

Physical activity measure
We assessed physical activity using the Baecke questionnaire (4), which was modified as
described elsewhere (9). ARIC chose this questionnaire because it is brief, measures usual
(habitual) activity, and was deemed appropriate for the middle-aged ARIC study population.
Baecke et al. defined 3 semi-continuous indices ranging from 1 (low) to 5 (high) for
physical activity in sports, during leisure time, and at work. The sports questions itemize
sports (or exercise) participation in up to 4 sports in the past year and their frequency and
duration. The “sports score” is a function of 1) the frequency, the duration, and an assigned
intensity of the reported sports and 2) three additional questions on the frequency of
sweating, the general frequency of playing sports, and a self-rating of the amount of leisure
time physical activity compared with others of the same age. In addition, for this analysis,
the Baecke sports questions were converted to “minutes per week” of moderate or vigorous
exercise. This conversion was based on metabolic equivalent of task (MET) values, using an
updated version (14) of the Compendium of Physical Activities as a guide, and
incorporating number of months annually a participant partook in the activity. The four
questions that constitute the “leisure score” asked about frequency of watching television
(scored inversely), walking, bicycling, and walking/biking to work or shopping. The eight
questions related to work asked about the participant's main occupation; his/her self-rating
of the work's vigor (in comparison with others of the same age); the frequency of sitting,
standing, walking, lifting, and sweating at work; and the frequency of fatigue after work.
Those not working were assigned the lowest value of physical activity in the “work score”.

The reliability and validity of the Baecke questionnaire were evaluated in several other
populations and summarized elsewhere (1; 2; 4; 14; 21; 23). In ARIC, physical activity was
measured at baseline and visit 3. To increase precision, physical activity was analyzed using
a cumulative average approach (12). For all participants who had an event between baseline
and visit 3, physical activity was modeled using baseline physical activity information. For
all participants who had an event after visit 3, if a visit 3 value for physical activity existed,
an average of baseline and visit 3's physical activity values was used. If no visit 3 value for
physical activity existed, then just the baseline value for physical activity was used.

Other baseline measures
Fasting blood samples were drawn from an antecubital vein for measurement of lipids and
glucose. Laboratory assays for triglycerides, high-density lipoprotein cholesterol, and
calculated low-density lipoprotein cholesterol were performed in standardized research
laboratories (10). Plasma total cholesterol was measured by enzymatic methods (26). Use of
the following, within the 2 weeks prior to the baseline interview, was self-reported or
identified from prescription bottles: antihypertensive medication, cholesterol-lowering
medication, and/or hormone therapy. Dyslipidemia was defined as cholesterol-lowering
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medication use or lipid levels beyond ATP III (7) cut-points (mg/dL): high-density
lipoprotein cholesterol < 40, low-density lipoprotein cholesterol ≥ 160, triglycerides ≥ 200,
or total cholesterol ≥ 240. ARIC assayed serum glucose by the hexokinase method. We
defined prevalent diabetes mellitus as a fasting glucose level ≥126 mg/dL, non-fasting
glucose level ≥200 mg/dL, and/or a history of or treatment for diabetes. Cigarette smoking
status (current, former, or never smokers), participant demographics, education level, and
alcohol intake were derived from interviews. Alcohol intake (grams/week) was skewed and,
therefore, categorized (grams/week): 0, 1–100, and >100. Sitting blood pressure was
measured 3 times using a random-zero sphygmomanometer after a 5-minute rest. The mean
of the last two measurements was used for analysis. Hypertension was defined as 1) diastolic
blood pressure ≥ 90 mmHg, 2) systolic blood pressure ≥ 140 mmHg, or 3) taking medication
for high blood pressure. Body mass index (BMI) (kg/m2) was computed from weight in a
scrub suit and standing height. We defined obesity as BMI ≥ 30 kg/m2. Usual dietary intake
was assessed by a 66-item, interviewer-administered, semi-quantitative food-frequency
questionnaire (FFQ), which was a modified version of the 61-item instrument developed by
Willett (32). Food and beverages from the FFQ were categorized into 29 food sub-groups,
which were used to derive `Western' and `Prudent' dietary patterns via principal components
analysis, as described elsewhere (18).

Pre-existing HF at baseline was defined as 1) an affirmative response to “Were any of the
medications you took during the last 2 weeks for heart failure?” or 2) stage 3 or “manifest
heart failure” by Gothenburg criteria (5; 17). Pre-existing CHD at baseline was defined as 1)
a self-reported previous physician diagnosis of myocardial infarction (MI) or coronary
revascularization or 2) as prevalent MI by 12-lead electrocardiography. Pre-existing stroke
was defined by any self-reported previous physician diagnosis of stroke.

Ascertainment of incident events
An incident CVD event, our main outcome, was defined as the first occurrence of 1) HF, 2)
a definite or probable stroke, or 3) CHD, defined as a definite or probable MI or definite
fatal CHD.

Incident HF in the ARIC study was defined as the first occurrence of either a 1)
hospitalization that included a primary or secondary diagnosis of International Classification
of Diseases-9th Revision (ICD-9) discharge code of 428 (428.0 to 428.9) or 2) a death
certificate with an ICD-9 code of 428 or an ICD-10 code of I50 among the listed underlying
causes of death (17). Validation studies (24) using physician review of the ARIC study
hospital records beginning in 2005 indicated the positive predictive value of ICD-9 428 to
be 93% for acute decompensated HF and 97% for chronic HF.

For patients hospitalized with a potential MI, trained abstractors recorded the presenting
symptoms and related clinical information, including cardiac biomarkers, and photocopied
up to three 12-lead electrocardiograms for Minnesota coding (22). Out-of-hospital deaths
were investigated by means of death certificates and, in most cases, by an interview with ≥1
next of kin and a questionnaire completed by the patient's physician. Coroner reports or
autopsy reports, when available, were abstracted for use in validation. A CHD event was
defined as a validated hospitalization for definite or probable MI or a definite CHD death.
The criteria for definite or probable MI were based on combinations of chest pain
symptoms, electrocardiographic changes, and cardiac biomarker levels. The criteria for
definite fatal CHD were based on chest pain symptoms, history of CHD, underlying cause of
death from the death certificate, and any other associated hospital information or medical
history, including that from an ARIC study clinic visit (31).
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The diagnostic classification of stroke has been described previously (25). In brief, for
patients hospitalized for potential strokes (any type), the abstractors recorded signs and
symptoms and photocopied neuroimaging (computed tomography or magnetic resonance
imaging) and other diagnostic reports. Using criteria adopted from the National Survey of
Stroke (28), definite or probable strokes were classified by computer algorithm and separate
review by a physician, with disagreements resolved by a second physician.

Statistical Analyses
Of 15,792 ARIC participants at baseline, we excluded, due to small numbers, 55 African
Americans from Washington County and Minneapolis suburbs. We further excluded
participants who were neither Caucasian nor African American (n=48); had missing physical
activity data at baseline (n=474); or had prevalent CVD at baseline (n=1,490), defined as
CHD, stroke, or HF, leaving 13,725 participants. For each outcome (CVD, stroke, HF, or
CHD), follow-up time was calculated as the time elapsed from the baseline examination in
1987 to 1989 to the date of the specific outcome of interest, death, loss to follow-up, or,
otherwise, through December 31, 2008. Thus, for CVD, the first of any of the three
outcomes was the incidence date.

Due to the skewness of the physical activity minutes per week variable, we categorized
minutes per week of exercise by the American Heart Association's (AHA) ideal CVD health
guidelines (16). “Recommended” physical activity was defined as meeting AHA's physical
activity recommendation for ideal cardiovascular health status: ≥150 min/wk of moderate
activity or ≥75 min/wk of vigorous activity or ≥150 min/wk of moderate + vigorous activity.
“Intermediate” physical activity was defined as 1–149 min/wk of moderate activity or 1–74
min/wk of vigorous activity or 1–149 min/wk of moderate + vigorous activity. “Poor”
physical activity was defined as 0 min/wk of physical activity. We additionally categorized
1) the sports score, as previously done (9), for comparison purposes, and 2) physical activity
by quintiles for each score (sports, leisure, and work).

Race-specific means and counts of participant characteristics by AHA physical activity
category (poor, intermediate, recommended) were computed. Using Cox proportional
hazards regression, we computed adjusted hazard ratios (HRs) of the CVD outcomes in
relation to physical activity groups. We stratified by race and sometimes sex. Models were
adjusted for potential confounders to the association between physical activity and CVD:
age (continuous), smoking (current, former, never), alcohol intake (0 grams/week, 1–100
grams/week, >100 grams/week), sex/hormone therapy use (male, female using hormone
therapy, female not using hormone therapy), education (grade school or 0 years education;
high school, but no degree; high school graduate; vocational school; college; graduate
school or professional school), and `Western' and `Prudent' dietary pattern scores
(continuous). By including cross-product terms in models, we tested for interactions of
physical activity with race, sex and several clinical characteristics (obesity, diabetes,
hypertension, and dyslipidemia). The latter four variables were not considered confounders
because they may be a consequence of physical inactivity and, therefore, part of the causal
pathway. We tested for statistical trend across physical activity categories by additionally
running each model with physical activity categories treated as continuous variables. The
proportional hazards assumption was not violated, confirmed by qualitatively verifying that
ln(-ln) survival curves for incident CVD were parallel by physical activity categories.
Poisson regression was used to compute adjusted CVD incidence rates by physical activity
categories in African Americans.
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Results
The ARIC cohort free of CVD in 1987–1989 included 3,707 African Americans and 10,018
Caucasians. As indicated in Table 1, African Americans, on average, were less likely to
engage in physical activity than Caucasians. The percentages of African Americans and
Caucasians, respectively, in each AHA physical activity category were 43.6% and 20.3% in
the poor category, 34.2% and 37.5% in the intermediate category, and 22.2% and 42.3% in
the recommended category. A qualitative examination of Table 1 shows that most CVD risk
factors - current smoking, no alcohol intake, hypertension, obesity, diabetes, higher
`Western' dietary pattern score, and lower `Prudent' dietary score – were lower in both
African Americans and Caucasians for each higher physical activity category. Hormone
therapy use and attained education were positively associated with physical activity level.
Age and sex did not substantially differ by physical activity level in African Americans or
Caucasians. Within physical activity levels, obesity, hypertension, diabetes, and no alcohol
intake were more common in African Americans compared to Caucasians and dyslipidemia
was less common.

As Table 2 shows, among African Americans, there were 1,039 CVD, 350 stroke, 633 HF,
and 465 CHD incident events. Among Caucasians, 1,992 CVD, 480 stroke, 1,115 HF, and
971 CHD incident events occurred. Total follow-up time was 235,276 person-years and
mean was 17. The association of CVD with AHA physical activity categories did not differ
by sex (interaction p-values for African Americans and Caucasians =0.92 and 0.33,
respectively), so men and women were analyzed together. After adjustment for age, sex,
cigarette smoking, alcohol intake, hormone therapy use, education, and `Western' and
`Prudent' dietary pattern scores, AHA physical activity categories were inversely related to
CVD, HF, and CHD incidence in African Americans and Caucasians (p-values for trend
tests <.0001). AHA physical activity categories were also inversely related to stroke
incidence, but the trend was not statistically significant among Caucasians. The HRs for
CVD for each higher physical activity category were similar by race: 1.0, 0.65, and 0.59 for
African Americans and 1.0, 0.74, and 0.67 for Caucasians (p-value for interaction = 0.38).
Similar statistically significant trends were seen in African Americans and Caucasians for
the individual CVD outcomes (CHD, HF, and stroke), with an approximate one-third
reduction in risk for intermediate and recommended physical activity versus poor physical
activity.

In African Americans only, AHA physical activity categories were inversely related to CVD
incidence similarly depending on obesity (p-value for interaction = 0.26), diabetes status (p-
value for interaction = 0.45), and hypertension (p-value for interaction = .38). The physical
activity categories were inversely related to CVD differently for those with dyslipidemia
versus those without (p-value for interaction = .0005) - HRs for participants without
dyslipidemia were closer to 1 than those with dyslipidemia. In light of the difference in the
prevalence of obesity between African Americans and Caucasians, we conducted further
stratification and examined effect-modification by BMI (< 25, 25–29.9, ≥ 30 kg/m2): The p-
value for 3-way interaction between BMI, physical activity, and race was 0.77 and,
qualitatively, the association between physical activity and CVD did not look different by
race or BMI category.

There also was an inverse relation between physical activity categories, represented as the
Baecke sports score, and both CVD and CHD in African Americans and Caucasians (Table
3). Despite no interaction between sex and physical activity, we stratified by sex and looked
at CHD separately in order to compare with previous research (8). Comparing the highest
category of sports to the lowest, the HRs for CVD ranged from 0.56 to 0.70 and for CHD
ranged from 0.54 to 0.81. There was significant interaction between sports score categories
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and race for CVD in females (p-value = 0.007), CHD in females (p-value = 0.005), and
CHD in both sexes combined (p-value = 0.007); African Americans had HRs further below
1 than Caucasians.

As Figure 1 depicts in African Americans only, the incidence rates of CVD, adjusted for
age, sex, smoking, alcohol intake, hormone therapy use, education, and dietary pattern
scores, were approximately 30% lower in the highest quintile versus the lowest quintile of
the sports score [HR (95% confidence interval (CI)) = 0.65 (.50, .83)], leisure score [HR
(95% CI) = 0.70 (.53, .91)], and work score [HR (95% CI) = 0.72 (.60, .85)]. Thus, all three
scores showed a significant inverse trend with CVD incidence in African Americans.

Discussion
Key findings

The goal of this report was to examine, in African Americans in ARIC, the relation of
physical activity with CVD incidence and its major components – stroke, HF, and CHD –
over a follow-up period of 21 years. This is the first cohort study to report the association of
physical activity with HF incidence in African Americans. We found that physical activity
had a strong inverse relation with CVD, HF, and CHD incidence in both African Americans
and Caucasians. Physical activity also had a strong inverse association with stroke incidence
in African Americans. These associations were present in African Americans regardless of
obesity, diabetes, hypertension, and dyslipidemia status, though somewhat stronger in those
with dyslipidemia than those without. Thus, long-term follow-up of ARIC participants
suggest that physical activity may benefit African Americans at least as much as Caucasians.

Possible mechanisms, explanations, and comparisons with relevant findings
For both African Americans and Caucasians, while there was a monotonic decrease in CVD
incidence across physical activity categories, HRs were significantly less than 1 with just
intermediate physical activity. This corroborates previous conclusions (30) that, while more
physical activity is better, even modest physical activity is potentially beneficial. The sports,
leisure, and work scores were all inversely related to CVD incidence in African Americans,
although not all monotonically, lending further support that some activity is better than none
and should be encouraged.

Much research has shown that higher levels of physical activity are associated with fewer
CVD events (30). Many potential biological mechanisms exist for this association. For
example, physical activity may reduce CHD by augmenting myocardial oxygen supply,
reducing myocardial work and oxygen demand, improving myocardial function, and
increasing the electrical stability of the myocardium (3). Physical activity is known to
decrease certain CVD risk factors, such as hypertension, dyslipidemia, obesity and diabetes
(30), yet these do not fully explain the inverse association between physical activity and
CVD incidence (20).

Limitations
Limitations of this report warrant consideration. Firstly, most ARIC African Americans live
in Jackson, MS, so they may not be representative of the entire U.S. African American
population. Yet, in the absence of national data, our findings do represent the most complete
evidence on physical activity and CVD in African Americans to date.

Secondly, misclassification of self-reported physical activity due to imprecision and self-
report bias must be considered - as with any self-reported data collection - even though we
averaged two measures of physical activity in an attempt to add precision. People are likely
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to over-report activity due to self-report bias. However, because the physical activity
measure was collected before the CVD outcome, any misclassification was most likely non-
differential and would typically attenuate the results towards the null. Therefore, the strong
inverse association between physical activity and CVD incidence that was observed in
African Americans may even be stronger than reported.

Thirdly, although we controlled for many potentially confounding variables in our analyses,
there may have been residual confounding from unmeasured or poorly measured
confounders.

Conclusions
Our findings reinforce public health recommendations (29) that regular physical activity is
important for CVD risk reduction, including reductions in stroke and HF. They provide
strong new evidence that this risk reduction applies to African Americans as well as
Caucasians and support the idea that some physical activity is better than none.
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Figure 1. Adjusted* incidence of cardiovascular disease (CVD) by physical activity quintiles in
African Americans, ARIC, 1987–2008
Bar height depicts CVD per 1,000 person-years (95% confidence intervals) according to
quintiles of the distribution of each physical activity score quintile. Values within the bars
represent the relative risk of CVD (95% confidence intervals) for that quintile referenced to
the first quintile.
*Adjusted for age, sex, smoking, alcohol intake, hormone therapy use, education, and
western and prudent dietary pattern scores.
†Those not working (24.7%) were assigned the lowest value of physical activity.
‡Trend of hazard ratios across physical activity categories.
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