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Abstract

Objective—Both coronary artery calcification (CAC) and the ankle brachial index (ABI) are

measures of subclinical atherosclerotic disease. The influence of physical activity on the

longitudinal change in these measures remains unclear. To assess this we examined the association

between these measures and self-reported physical activity in the Multi-Ethnic Study of

Atherosclerosis (MESA).

Methods—At baseline, the MESA participants were free of clinically evident cardiovascular

disease. We included all participants with an ABI between 0.90 and 1.40 (n=5656). Predictor

variables were based on self-reported measures with physical activity being assessed using the

Typical Week Physical Activity Survey from which metabolic equivalent-minutes/week of

activity were calculated. We focused on physical activity intensity, intentional exercise, sedentary

behavior, and conditioning. Incident peripheral artery disease (PAD) was defined as the

progression of ABI to values below 0.90 (given the baseline range of 0.90 to 1.40). Incident CAC

was defined as a CAC score >0 Agatston units upon follow up with a baseline score of 0 Agatston

units.

Results—Mean age was 61 years, 53% were female, and mean body mass index was 28 kg/m2.

After adjusting for traditional cardiovascular risk factors and socioeconomic factors, intentional
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exercise was protective for incident peripheral artery disease (Relative Risk (RR)= 0.85, 95%

Confidence Interval (CI): 0.74 to 0.98). After adjusting for traditional cardiovascular risk factors

and socioeconomic factors, there was a significant association between vigorous PA and incident

CAC (RR=0.97, 95% CI: 0.94 to 1.00). There was also a significant association between sedentary

behavior and increased amount of CAC among participants with CAC at baseline (Δlog(Agatston

Units +25)=0.027, 95% CI 0.002, 0.052).

Conclusions—These data suggest that there is an association between physical activity/

sedentary behavior and the progression of two different measures of subclinical atherosclerotic

disease.
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INTRODUCTION

Both coronary artery calcium (CAC) and the ankle brachial index (ABI) are measures of

subclinical cardiovascular disease (CVD).1, 2 From a prevention perspective, it is important

to monitor these subclinical CVD measures and determine which risk factors may contribute

to their changes. In this regard, the direct effects of physical activity (PA) on the

development or progression of subclinical atherosclerosis are not well established. 34

The ABI is used to detect peripheral artery disease (PAD), with a value < 0.90 being

indicative of significant flow limiting atherosclerotic disease in the lower extremity, 5 which

can lead to mobility loss 6 and mortality.7, 8 In patients with intermittent claudication, a

decline to a lower ABI has been linked to decreased participation in moderate and vigorous

PA.9 However, it is unknown whether a population free of baseline CVD would show a

similar association.

CAC is a measure of atherosclerotic plaque evolution and provides an excellent marker of

coronary artery disease. However, there are inconsistencies in the literature related to the

association between PA and CAC. Prior research suggests that chronic exercise attenuates

the presence and extent of CAC, 10 while slower walking time is associated with more

CAC 2, 11 and higher levels of cardio-respiratory fitness at a particular age or age range? are

associated with a lower risk of having CAC 15 years later. 12 Conversely, other studies have

indicated that high intensity PA 13 and/or intentional exercise are unrelated to CAC. 2 To our

knowledge, no studies have evaluated different types of PA and changes in CAC over

follow-up.

It is important to determine what type and how much activity is most effective at reducing or

preventing subclinical CVD. Additionally, since sedentary behaviors are significant CVD

mortality predictors14 and are associated with higher odds of metabolic syndrome and

individual CVD risk factors,15 determining how sedentary behaviors influence both

prevalent and incident subclinical CVD is also relevant to prevention. As such, the aim of
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this study was to determine the associations between different types of PA and the incidence

and progression of both CAC and the ABI in the Multi-Ethnic Study of Atherosclerosis.

MATERIALS AND METHODS

Study design

The Multi-Ethnic Study of Atherosclerosis (MESA) is a population-based sample of 6,814

men and women from 4 ethnic groups. Details regarding design, recruitment, and objectives

of MESA have been published previously.16 Briefly, eligible MESA participants were

defined as persons living within the defined geographic boundaries of each of the six field

centers (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA;

northern Manhattan, NY; and St. Paul, MN) who were aged 45–84 years at enumeration via

a phone interview. Participants did not meet any of the exclusion criteria including a self-

reported medical history of heart attack, angina, cardiovascular procedures, heart failure,

cerebrovascular disease, active treatment for cancer, pregnancy or amputation at follow up

exam.

Data Collection

Eligible participants were invited to a clinic for further examination. During the baseline

examination (2000–2002) and follow up examinations (exam 3, 2004–2005 and exam 4,

2005–2007), standardized questionnaires and calibrated devices were utilized to obtain

demographic data, tobacco use data, information on medical conditions, current prescription

medication usage, weight, and height. Resting, seated blood pressure was measured 3 times

using a Dinamap automated oscillometric sphygmomanometer (model Pro 100; Critikon,

Tampa, Florida); the last 2 measurements were averaged for analysis. Hypertension was

defined as use of an antihypertensive medication, systolic blood pressure ≥140 or diastolic

blood pressure ≥90 mm Hg.

Laboratory Measures

Fasting blood samples were drawn and were sent to a central laboratory for measurement of

glucose and lipids.17 Participants were considered to have diabetes if they used

hypoglycemic drugs or if their fasting blood glucose was ≥7.0 mmol/L (126 mg/dL).

Participants were considered to have impaired fasting glucose if they did not have diabetes

according to the preceding criteria but their fasting blood glucose level was ≥100–<126

mg/dL in accordance with the 2004 American Diabetes Association definition.18 Individuals

with total:high-density lipoprotein cholesterol ratio >5 or those who reported the use of a

medication to treat high cholesterol were classified as dyslipidemic.

Electron Beam Computed Tomography

Chest computed tomography was performed by using either a cardiac-gated electron-beam

scanner or a prospectively electrocardiogram-triggered scan acquisition at 50% of the R-R

interval with a multi-detector system, acquiring a block of 4 2.5-mm slices for each cardiac

cycle in a sequential or axial scan mode. Phantoms of known physical calcium concentration

in participants were scanned twice. Scans were read at a central reading center. The

measurement of CAC was calibrated against the phantom. For each scan, a total phantom-
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adjusted Agatston score, defined as the sum of calcium measures from the left main, left

anterior descending, circumflex, and right coronary arteries, was calculated. The mean score

was used in these analyses. We defined CAC progression as a continuous change in CAC

from baseline to exam 3. For incident CAC analysis, we excluded participants with CAC>0

at baseline. Incident CAC was a binary variable, defined as those without CAC at baseline

but had a CAC score greater then zero at follow up.

Ankle Brachial Index

To obtain the ABI, participants rested supine for 5 minutes, and then systolic blood

pressures were measured in both arms and legs with the appropriate-sized cuffs. For each

leg, the systolic blood pressure in each posterior tibial and dorsalis pedis artery was

measured. All pressures were detected with a continuous-wave Doppler ultrasound probe.

The leg-specific ABI was calculated as the higher systolic blood pressure in the posterior

tibial or dorsalis pedis divided by the higher of the 2 systolic blood pressures in the arms.

For this analysis, the lower of the two leg specific ABIs was utilized. We defined ABI

progression as a change in ABI from baseline to exam 3, measured as a continuous variable.

We defined incident PAD as a binary variable where the ABI was between 0.90 and 1.40 (a

normal ABI) 19 at baseline and decreased to ≤ 0.90 at follow up (exam 3).5

Physical activity survey

The MESA Typical Week Physical Activity Survey (TWPAS), adapted from the Cross

Cultural Activity Participation Study, 20 was designed to identify time spent in and

frequency of various PA during a typical week in the past month. The rationale for the

selected time frame was the intention to capture the typical activity patterns in a

participant’s daily life. The survey includes 28 items in categories of household chores,

lawn/yard/garden/farm, care of children/adults, transportation, walking (not at work),

dancing and sport activities, conditioning activities, leisure activities, and occupational and

volunteer activities. Participants were first asked if they participated in these categories of

activity (yes/no), and if yes, they answered the questions regarding the average number of

days per week and time per day engaged in these activities. If appropriate, questions also

differentiated the intensity of activities as light, moderate and vigorous.

The sum of minutes spent in all activity types was multiplied by the metabolic equivalent

(MET) level assigned to each activity.21 Summary measures include total minutes/day and

total MET-min/day for nine physical activity categories and three intensity levels (light,

moderate and vigorous). After reviewing the patterns of response regarding PA intensity, we

grouped no and low PA into one intensity level. Moderate and vigorous PA were combined

as another variable since approximately 64% of the participants reported no vigorous PA. To

capture activities typically recommended by PA guidelines, we created an intentional

exercise variable that was the sum of activities that were consciously done for exercising

such as sports/dancing, conditioning activities and walking regardless of the intensity level.2

Also, we looked at sedentary behaviors in MET-min that included the sum of reading and

watching television. Lastly, we evaluated an additional category that considered

conditioning alone in MET-min, which included biking, rowing, exercise machines,

aerobics, running, kickboxing etc. at moderate or vigorous intensity. Conditioning did not
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include walking or team sports, but rather moderate or vigorous activities that are generally

performed in a gym.

Statistical Analysis

We included all participants with an ABI between 0.90 and 1.40 at baseline. These

participants were used for both the ABI and CAC analysis to ensure that the two endpoints

were on comparable populations. Participants were excluded from the analysis if they were

missing one or more of the covariates (as defined in Table 1) or if they did not return for a

follow-up measurement (5758 of the 6814 MESA participants returned for a follow-up CAC

scan during the period of this study). For incident CAC analysis, we also excluded

participants with CAC>0 at baseline (n=2661).

Characteristics of the population were described using mean and standard deviation for

continuous variables, while categorical variables were summarized as a count and

percentage of the study population. We assessed normality in our covariates and highly

skewed variables were log transformed to achieve normality. Minutes of PA and sedentary

behavior were converted to hours to make the beta in the regression equations more

interpretable. Both sedentary and PA hours were log transformed to account for outliers that

could otherwise have been overly influential in the regression models. The differences in the

distributions of the baseline characteristics were determined by t-tests or chi-square tests, as

appropriate.

We had 5 independent exposure variables (moderate/vigorous PA, vigorous PA, intentional

exercise, sedentary behavior, and conditioning). We analyzed 4 models for the following

outcome variables: incident CAC, incident PAD, CAC progression and ABI progression.

Incident models were binary outcomes; whereas, progression models were continuous

outcomes. Model 1 was the unadjusted model. Model 2 was adjusted for age, sex and

ethnicity. Model 3 was adjusted for candidate confounders including age, sex, ethnicity,

body mass index, pack years of smoking, family history of myocardial infarction,

hypertension, dyslipidemia, and diabetes. Finally, we looked at an additional model (model

4) that included the covariates in model 3 as well as the socio-economic predictors

education, alcohol use, current smoking status, education, income, and health insurance

status.

Relative risk regression22 was used to model the probability of incident-detectable CAC

among those free of CAC at Exam 1. That is, the probability of incident CAC was modeled

as a function of covariates using a generalized linear model with log link and binomial error

distribution. We used relative risk regression rather than logistic regression because the

incidence of new calcification (16.1%) violated the rare disease assumption (<10%) for

estimating relative risks. Additionally, we also analyzed increases in the level of CAC

among participants with CAC at baseline. For this analysis we used linear regression and

followed the approach of Kronmal et al.23

For incident PAD we used relative risk regression for this analysis and the same levels of

statistical adjustment as used for our CAC models. We analyzed continuous progression to a

lower ABI using linear regression. For both incident PAD and continuous change in ABI,

Delaney et al. Page 5

Atherosclerosis. Author manuscript; available in PMC 2014 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



we adjusted for baseline ABI to control for regression to the mean. Further, additional

analyses excluded participants with baseline leg pain to explore whether leg pain influenced

the association between PA and PAD.

For all analyses we stratified by gender and race/ethnicity to test for effect modification. We

used multiple imputation as a sensitivity analysis to verify that that the complete case

approach to missing data used in this analysis was appropriate (data not shown). We utilized

a 2-tailed test of P<0.05 for statistical significance. Analyses were performed using SAS 9.2.

RESULTS

General characteristics of the study population are presented in Table 1. Data were available

for 5656 participants. Since their PAD status was uncertain due to the presence of stiff

arteries, 50 participants who progressed to a higher ABI were not included in Table 1. The

mean age was approximately 61 years and 47% were male while 41% Non-Hispanic White,

12% Asian, 26% African American, and 21% Hispanic. The average BMI was 28 kg/m2. At

baseline, approximately 33% had dyslipidemia, 11% had diabetes, and 42% had

hypertension. Just over 78% of the participants reported intentional exercise and 35%

reported engaging in conditioning activity. Of the participants with incident PAD (n=161),

64% had hypertension, 21% had diabetes, and 43% were African American. Compared to

the participants without an ABI change, those with incident PAD were older (67 years of

age), performed less vigorous and moderate activity (MET-min), were more sedentary and

performed less intentional exercise. Of those participants with incident CAC (n=580), 45%

had hypertension, 13.3% had diabetes, and 30.3% were African American. Compared to

those participants that did not have CAC or who had CAC scores that did not progress over

time, those who developed incident CAC performed less vigorous and moderate PA, and

reported more sedentary behavior and less intentional exercise.

Table 2 demonstrates the incidence of PAD for each measure of PA as a binary variable as

well as continuous ABI progression. After adjusting for CVD risk factors and socio-

economic variables, greater intentional exercise reduced the risk of incident PAD (RR=0.85,

95% CI 0.74, 0.98). Among those who developed incident PAD, 60% were in the bottom

quartile (<1.066) at baseline. We also looked at conditioning hours and determined that a log

increase in conditioning was not significantly associated with incident PAD. Last, we looked

at the continuous ABI progression and results were not statistically significant.

Table 3 shows the incidence of CAC and we determined that after adjusting for traditional

cardiovascular risk factors and socioeconomic status, vigorous PA was associated with a

reduction in the risk of incident CAC (RR=0.97, 95% CI 0.94,1.00, p=0.048). We also

computed linear regression analysis for CAC progression for different PA exposures. In

general, PA was not significantly associated with CAC progression, but an increase in

sedentary behavior was significantly associated with greater CAC progression (Δ

log(Agatston Units +25)=0.027, 95% CI 0.002, 0.052).

In a post-hoc sensitivity analysis, we considered interactions between race and exercise for

all of the associations with a statistically significant main effect (intentional exercise and
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ABI, vigorous activity and CAC, being sedentary and CAC progression). We found two

interactions among the nine tests; vigorous activity was more protective for African

Americans (p=0.0363) against incident CAC and being sedentary was even worse for

Hispanic-Americans (p=0.0344) for CAC progression.

DISCUSSION

To our knowledge, the associations between PA and progression of either CAC or the ABI

have not been previously investigated. Our results suggest that when one is participating in

intentional exercise, it protects against incident PAD. Sensitivity analysis revealed that

results were similar even after excluding patients with baseline exercise calf pain. These

data suggest that any activity reduction secondary to leg pain did not bias the relationship

between intentional exercise and incident PAD. In individuals with pre-existing CAC, those

who engage in increased sedentary behavior are more likely to have greater CAC

progression suggesting that engaging in a less sedentary lifestyle may slow disease

progression. Finally, there was some indication that vigorous activity may protect against

incident CAC, although the finding was marginal in significance.

Our study results are similar to previous cross-sectional studies that examined the

association between PA and ABI. The Cardiovascular Health Study (CHS) of adults aged

>65 years reported that greater intensity and duration of leisure-time PA over the prior 2

weeks was associated with a lower prevalence of low ABI among the cohort free of

cardiovascular disease at baseline.24 In this regard, moderate-to-vigorous and intentional

exercise were associated with a more favorable ABI value in the CHS cohort,2 while in a

cohort of Japanese women sedentary behavior was associated with a lower ABI.25 Findings

from the current study suggest that intentional exercise is protective against incident PAD

though the potential mechanisms are unclear. As a reduction in ABI is associated with a

significantly higher risk for incident CVD events 26 future PA interventions are necessary to

determine what specific types of exercises reduce the likelihood of decreased ABI over time

and to uncover basic mechanisms that will perhaps lead to intervention.

Our report also suggests that vigorous PA is protective against incident CAC. These findings

are complementary with previous reports that indicated that long-duration PA was

associated with less prevalent CAC compared to sedentary individuals or those who

participated in moderate duration PA among participants with higher metabolic risk

scores.27 Similarly, the Harvard Alumni Study determined that vigorous activities are

associated with a reduced risk of CHD, whereas moderate or light activities have no clear

association with the risk of CHD.28 Potentially, vigorous PA is beneficial because it alters

body composition, lipid profile, and fasting insulin, hypertension, 29, 30 all of which are

atherosclerotic risk factors and may also be a reason for less incident PAD.

Conversely, previous studies suggest that there is no association between the extent of CAC

and PA (using a sports, leisure and work PA index).13 The lack of an association between

PA and the extent of CAC suggests the risk reduction associated with PA is mediated by

other factors.13 Interestingly, even after accounting for socio-economic variables, another

analyses indicated that there were no significant associations between low levels of
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subclinical vascular disease and PA (exercise intensity and intentional exercise) in

MESA;2, 31 however, this report was cross-sectional. The disparities among studies may be

due to differences in the study design, study population, and/or quantification of PA.

Our results suggest that sedentary behavior can increase the progression of CAC once it is

present. Other studies have demonstrated that prolonged sitting also predicted an increased

risk of CVD, even after accounting for time spent in recreational activity.32 Furthermore, the

Nurses’ Health Study compared women who remained sedentary with women who

increased PA expenditure. The women who engaged in the most PA, were less likely to have

a coronary event.33 Given the high prevalence of sedentary behavior within the United

States, an effort to help individuals achieve even modest increases in PA will likely lead to

favorable changes in CVD risk factors such as CAC and PAD.32

The differences between the detected associations between PA and different measures of

sub-clinical disease (CAC and ABI) may be related to different mechanisms being at work.

PA improves the lipid profile29, 30 which may be more directly relevant to changes in CAC.

Low ABI is often treated with walking and there is good evidence from randomized controls

that walking improves outcomes for peripheral artery disease33 so we may be seeing the

equivalent of early intervention of exercise in participants who remain active. Since these

two sites respond to different levels and intensity of PA, it is not surprising to see different

associations between these measures and PA. However, none of this changes the clear

indication that increased PA is conferring benefits on lower levels of sub-clinical

cardiovascular disease in this cohort.

Potential limitations of the current study include self-reported PA using a questionnaire that

may lead to inaccurate participant recall or social desirability bias in quantifying PA levels.

Future studies may be necessary to investigate these associations using an objective measure

to define PA rather than a questionnaire, due to these limitations in self-reported PA.35, 36

Additionally, improvements in the accuracy of self-report PA measures are needed because

objective measures may not be feasible for all study designs (e.g. longitudinal studies in

large cohorts). Furthermore, we made composite PA variables that may not capture

important threshold effects. However, these measurement errors are likely to be non-

differential in a prospective cohort study so the net effect would likely be to bias results

towards the null (a conservative bias) and to increase variance; so, if anything, this study

likely understates the potential benefits of PA on incident ABI and CAC. Although this was

a prospective study design, the study is limited by a relatively short follow-up period

(approximately 3 years). Also, few subjects had incident PAD, limiting our power to detect

small associations. Even in the statistically significant models, the effect size for PA was

small. Another possible limitation is that the TWPAS measures acute PA and measure of PA

over a longer time frame might have more influence on CAC and ABI than an acute

measure. Finally, there is always a possibility that intentional exercise is correlated with

other “health seeking behaviors” and protective effects may apply to a cluster of behaviors

of which intentional exercise is one part.

The strengths of this study include a large sample size that includes ample representation of

men and women, as well as multiple ethnic groups. Furthermore, all subjects underwent
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standardized examination procedures and used validated questionnaires over the multiple

study visits. While we tested four outcomes and five measures of activity, we would have

expected to find approximately one association by chance alone and we found five which

makes it improbable that these findings can be the result of multiple testing.

The results of our study support the encouragement of intentional exercise to protect against

incident PAD. In addition, vigorous PA may be protective against incident CAC by

undefined mechanisms. Conversely, increasing sedentary behavior leads to greater CAC

progression, suggesting that any type of activity is better than sedentary behavior for

participants with early coronary artery disease and, therefore, people with CVD should

implement activity such as walking into their daily lives.37 From a public health prospective,

increasing PA may reduce CAC progression (which is associated with cardiovascular

events38) as well as ABI (also associated with events39), but also activity has other social,

physical and psychological benefits40 and light PA has minimal side effects. These results

reinforce that sedentary individuals who become physically active even at an older age may

still obtain cardiovascular benefits.32 Further work is necessary to confirm these findings

using a stronger measure of PA and to address the underlying mechanisms that lead to the

association between increased PA and reduced subclinical atherosclerosis
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Highlights

1. Exercise is likely misclassified, so associations may be underestimated

2. There is a significant association between sedentary behavior and CAC

progression

3. Intentional exercise was protective against incident peripheral artery disease
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Table 2

Association Between Activity and ABI Progression

Activity Progression to Low ABI

RR (95% CI)

Model 1 Intentional Activity 0.82 (0.71, 0.94)*

Model 2 0.80 (0.70, 0.92)*

Model 3 0.83 (0.72, 0.96)*

Model 4 0.85 (0.74, 0.98)*

Model 1 Sedentary 1.20 (0.94, 1.52)

Model 2 0.93 (0.74, 1.16)

Model 3 0.90 (0.73, 1.12)

Model 4 0.90 (0.72, 1.12)

Model 1 Moderate+Vigorous1 0.92 (0.84, 1.00)

Model 2 0.94 (0.86, 1.02)

Model 3 0.94 (0.86, 1.04)

Model 4 0.94 (0.86, 1.04)

Model 1 Vigorous1 0.93 (0.88, 0.98)

Model 2 0.97 (0.92, 1.02)

Model 3 0.98 (0.93, 1.03)

Model 4 0.98 (0.86, 1.04)

Model 1 Conditioning 0.96 (0.86, 1.06)

Model 2 0.99 (0.89, 1.10)

Model 3 1.02 (0.91, 1.13)

Model 4 1.05 (0.94, 1.17)

Model 1= Unadjusted

Model 2= Age, gender, ethnicity

Model 3= Traditional CVD Risk Factors

Model 4= Model 2 + alcohol use, current smoking status, education, income, and health insurance status

1
No/Low activity is the reference category
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Table 3

Association Between Activity and CAC

Activity Incident CAC
RR (95% CI)

Continuous CAC Progression
Δ log(Agatston Units +25)

Model 1 Intentional Activity 0.96 (0.90, 1.03) −0.003 (−0.018, 0.012)

Model 2 0.92 (0.86,0.99) −0.004(−0.019, 0.011)

Model 3 0.98 (0.92, 1.04) 0.002 (−0.013, 0.017)

Model 4 0.99 (0.93, 1.05) 0.002 (−0.014, 0.017)

Model 1 Sedentary 1.07 (0.97, 1.18) 0.028 (0.004, 0.052)*

Model 2 0.97 (0.87, 1.08) 0.031 (0.006, 0.055)*

Model 3 0.96 (0.82, 1.06) 0.028 (0.003, 0.052)*

Model 4 0.95 (0.86, 1.05) 0.027 (0.002, 0.052)*

Model 1 Moderate+Vigorous1 0.97 (0.92, 1.03) −0.002 (0.015, 0.011)

Model 2 0.99(0.93, 1.04) −0.002 (−0.015, 0.0011)

Model 3 1.01 (0.96, 1.07) 0.000 (−0.013, 0.012)

Model 4 1.02 (0.94, 1.10) −0.001 (−0.014, 0.012)

Model 1 Vigorous1 0.97 (0.95, 0.99)* −0.002 (−0.007,0.003)

Model 2 0.96 (0.94, 0.99) −0.002 (−0.007, 0.003)

Model 3 0.98 (0.95, 1.00) −0.001 (−0.006,0.004)

Model 4 0.97 (0.94, 1.00)* −0.001 (−0.006, 0.004)

Model 1 Conditioning 0.97 (0.92, 1.03) −0.001 (−0.012, 0.010)

Model 2 0.96 (0.91, 1.01) −0.001 (−0.013, 0.010)

Model 3 0.99 (0.94, 1.05) 0.003 (−0.009, 0.014)

Model 4 1.00 (0.94, 1.05) 0.003 (−0.008, 0.015)

Model 1= Unadjusted

Model 2= Age, gender, ethnicity

Model 3= Traditional CVD Risk Factors

1
No/Low activity is the reference category

*
p<0.05
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