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ORIGINAL RESEARCH

Exercise Capacity, Coronary Artery Fatty 
Plaque, Coronary Calcium Score, and 
Cardiovascular Events in Subjects With 
Stable Coronary Artery Disease
Abdulaziz Malik, MD*; Jaya S. Kanduri, MD*; Abdul Aziz A. Asbeutah, MD*; Haitham Khraishah, MD;  
Changyu Shen, PhD; Francine K. Welty , MD, PhD

BACKGROUND: Aerobic exercise capacity is inversely associated with cardiovascular and all- cause mortality in men and women 
without coronary artery disease (CAD); however, a higher amount of vigorous exercise is associated with a J- shaped relation-
ship in CAD patients. Therefore, the optimal type and amount of exercise for CAD patients is unclear. Coronary artery calci-
fication (CAC) is associated with increased cardiovascular disease (CVD) events and mortality. Fatty plaque is more likely to 
rupture and cause coronary events than other types. We examined the association between exercise capacity, fatty plaque, 
CAC score and CVD events in CAD patients.

METHODS AND RESULTS: A total of 270 subjects with stable CAD were divided into tertiles based on metabolic equivalents of 
task (METs) calculated from exercise treadmill testing. Self- reported exercise was obtained. Coronary computed tomographic 
angiography measured coronary plaque volume and CAC score. After adjustment, fatty plaque volume was not different 
among the 3 MET groups. For each 1 MET increase, CAC was 66.2 units lower (P=0.017). Those with CAC >400 and ≥8.2 
METs had fewer CVD events over 30 months compared to <8.2 METs (P=0.037). Of moderate intensity exercisers (median, 
240 min/wk; 78% walking only), 62.4% achieved ≥8.2 METs and lower CAC scores (P=0.07). Intensity and duration of exercise 
had no adverse impact on coronary plaque or CVD events.

CONCLUSIONS: Achieving ≥8.2 METs with moderate exercise intensity and volume as walking resulted in lower CAC scores and 
fewer CVD events. Therefore, vigorous exercise intensity and volume may not be needed for CAD patients to derive benefit.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique Identifier: NCT01624727.
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Aerobic exercise capacity measured by metabolic 
equivalents of task (METs) has shown a dose- 
dependent and graded inverse relationship with 

cardiovascular disease (CVD) morbidity and mortality 
and all- cause mortality in men and women.1–11 For 
every 1- MET increase in exercise capacity, total 

mortality was 16% lower in men without CVD, 9% 
lower in men with CVD, and 17% lower in women with-
out CVD.1–3

Computed tomographic–based coronary artery cal-
cium (CAC) scores are a reliable measure of subclinical 
coronary artery disease (CAD). In the CARDIA (Coronary 
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Artery Risk Development in Young Adults) study, CAC 
scores of 1 to 19, 20 to 99, and >100 were associated 
with 2.6- , 5.8- , and 9.8- fold higher increases in inci-
dent coronary heart disease and death, respectively, 
at 12.5- year follow- up.12 Higher CAC scores predict 
an increased risk of cardiovascular events and mortal-
ity in other studies.12–15 Therefore, higher CAC scores 
are of concern. Several reports suggest that higher 
exercise volume or vigorous exercise may accelerate 
CAC formation in subjects who do not have clinical 
CAD.13,16–19 For example, over a 25- year period in the 
CARDIA Study, the CAC score was 1.86- fold higher in 
those who exercised 450 minutes per week compared 

with those exercising <150 minutes per week.17 In the 
Cooper Center Longitudinal Clinic Study of 21,758 
men without clinical CAD (mean age, 51.7±8.4 years) 
referred for preventive health screening between 1998 
and 2013, those who exercised ≥3000 MET minutes 
per week had an 11% higher risk (95% CI, 1.03–1.20) 
of a CAC score of at least 100 (mean±SD, 800±1120) 
compared with those exercising <3000 MET minutes 
per week.13 In the >3000- MET min/wk group, those 
with CAC ≥100 had a 4- fold higher rate of all- cause 
death (6% versus 1.2%, respectively) and 6-  to 8- fold 
higher risk of cardiovascular death (1.8% versus 0.2%, 
respectively) compared with those with CAC <100 at 
mean follow- up of 10.4 years.13 These findings suggest 
that mortality is higher with CAC >100 compared with 
those with CAC <100 and similar amounts of exercise.

A J- shaped association has been reported between 
exercise volume and cardiac events in subjects with 
stable CAD with the most highly active patients having 
a 2.36- fold increased risk of cardiovascular mortality 
(95% CI, 1.05–5.34)20 and a 3.19- fold increase (95% 
CI, 1.42–6.79) in all ischemic heart disease–related 
mortality.21 Therefore, it is unclear what the optimal ex-
ercise recommendation is for patients with CAD. The 
relationship between aerobic fitness, exercise intensity 
and volume, and degree of coronary atherosclerosis 
is unknown in subjects with CAD. In order to gain in-
formation on this relationship and beneficial exercise 
levels for patients with clinical CAD, we examined the 
effect of exercise capacity and exercise intensity and 
volume on coronary plaque composition, CAC scores, 
and CVD events in subjects with CAD. We were es-
pecially interested in fatty plaque given that it is lipid 
rich and thus more likely to rupture, leading to throm-
bosis and acute myocardial infarction, compared with 
fibrous or calcified plaque.22

METHODS
Imaging methods, analytical methods, and study ma-
terials have been made available to other researchers 
for purposes of reproducing the results.23,24 The ex-
ercise data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design
The current report is a cross- sectional analysis at 
baseline of the relationship between coronary plaque 
subtypes and exercise capacity and 30- month follow-
 up for cardiovascular events in the HEARTS (Slowing 
Heart Disease With Lifestyle and Omega- 3 Fatty Acids) 
trial conducted at Beth Israel Deaconess Medical 
Center (Boston, MA). The trial is a randomized, paral-
lel, single- center study of 3.36 g daily of the omega- 3 

CLINICAL PERSPECTIVE

What Is New?
• Fatty plaque, the type which ruptures causing 

acute coronary syndromes, was not different 
among coronary artery disease subjects based 
on metabolic equivalent of task (MET) tertiles: 
4.0 to 8.1, 8.2 to 10.5, and ≥10.6 METs.

• For each 1 MET increase, coronary artery calci-
fication (CAC) score was 66.2 units lower; those 
with CAC >400 and achieving ≥8.2 METs had 
fewer CVD events compared to <8.2 METs over 
30 months;

• Of moderate intensity exercisers (median 
240  min/week; 78% walking only), 62.4% 
achieved ≥8.2 METs with a trend toward lower 
CAC scores (P=0.07).

What Are the Clinical Implications?
• Since CAC scores predict CVD events and mor-

tality, maintaining high cardiorespiratory fitness 
(≥8.2 METs) with moderate exercise intensity 
and volume (median 240  min/wk) as walking, 
resulted in lower CAC scores and fewer CVD 
events in coronary artery disease subjects.

• Therefore, vigorous exercise intensity and vol-
ume may not be needed for coronary artery 
disease patients to benefit as long as high car-
diorespiratory fitness is maintained which can 
be achieved with moderate intensity and vol-
ume of exercise as walking.

Nonstandard Abbreviations and Acronyms

CAC coronary artery calcification
CAD coronary artery disease
CVD cardiovascular disease
IQR interquartile range
METs metabolic equivalents of task
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ethyl esters, eicosapentaenoic acid and docosahexae-
noic acid, added to statin therapy compared with statin 
alone over 30 months. The primary end point of the 
trial is the effect of omega- 3 ethyl esters on progres-
sion of coronary arterial plaque at 30 months of fol-
low- up and has been reported.25 Several prespecified 
secondary end points have been reported.26,27 The 
protocol was approved by the Beth Israel Deaconess 
Medical Center Institutional Review Board, and all sub-
jects signed informed consent.

Participants
Eligible participants were aged 37 to 80  years and 
had stable CAD defined as at least one of the follow-
ing: ≥50% stenosis in at least 1 coronary artery at 
cardiac catheterization; previous myocardial infarc-
tion (≥6 months previous) or percutaneous coronary 
intervention (≥6 months previous); coronary bypass 
surgery (≥12  months previous); abnormal exercise 
treadmill test (defined as at least 1 mm of horizontal 
or downsloping ST depression in at least 2 contigu-
ous ECG leads); or an area of reversible ischemia on 
nuclear imaging, pharmacological stress, or stress 
echocardiography with subsequent revasculariza-
tion. All subjects underwent a maximal, graded exer-
cise treadmill stress test at baseline using the Bruce 
protocol. The test was stopped according to the 
usual criteria for exercise testing: either exhaustion or 
reaching 100% of the maximum heart rate (220–age). 
Exercise capacity was measured by METs, which 
were calculated using the speed and grade of the 
treadmill as described.28

Clinical and Biochemical Parameters
A detailed history, physical examination, height, 
weight, waist measurement, blood pressure meas-
urement, ECG, and ascertainment of medications 
were obtained at baseline. Blood samples were ob-
tained after a 12- hour fast, and plasma and serum 
were prepared. Glucose, hemoglobin A1c, chemical 
profile, total white blood cell count, absolute neu-
trophil, lymphocyte, monocyte and platelet counts, 
and lipid panel were measured at Quest Diagnostics 
(Cambridge, MA).

Exercise and Cardiac Events
Detailed physical activity was collected at baseline and 
included the type of exercise, number of sessions per 
week, and minutes per session. Exercise was then 
converted to total minutes per week. Vigorous ac-
tivities (≥6 METs) included running or jogging, biking, 
running on a treadmill, elliptical, stepper, swimming, 
rowing, dancing, exercise or dance class, and stren-
uous sports (racquet sports, tennis, and soccer).29 

Moderate- intensity activities (3.0–5.9 METs) included 
nonstrenuous sports, walking and hiking, golfing and 
bowling, home exercises or calisthenics, and home 
maintenance or gardening.29 Subjects reported car-
diac events at 6- month follow- up visits until final follow-
 up at 30  months. Events were documented through 
review of medical records.

Image Acquisition, Reconstruction, and 
Coronary Plaque Analysis
Prospective ECG gated imaging was performed at 
Beth Israel Deaconess Medical Center using a 320- 
row detector scanner (Aquilion ONE; Toshiba Medical 
Systems, Otawara, Japan). The protocol for perfor-
mance of coronary computed tomographic angiog-
raphy, plaque identification, and quantification has 
been published, with representative images shown 
in Supplement 2 of a previous work (Hauser et al  
(ref 24)).23–25,27 Semiautomated software (SUREPlaque, 
version 6.3.2; Vital Images, Minnetonka, MN) was used 
to reconstruct 3- dimensional coronary computed to-
mographic angiography images for coronary segment 
plaque volume analysis.30–33 Segments with previous 
revascularization or significant calcification caus-
ing calcium- bloom artifact were excluded. Plaque 
analysis was performed independently by 2 readers 
blinded to treatment allocation. Hounsfield unit densi-
ties defined plaques as fatty (−100 to 49 Hounsfield 
units), fibrous (50–150 Hounsfield units), and calcified 
plaque as >150 Hounsfield units. Noncalcified plaque 
was the sum of fatty and fibrous plaque. The intra-  
and interobserver agreement indices were 0.99 and 
0.98, respectively, showing excellent correlation be-
tween readings.25 Plaque volumes were indexed to 
the length of the artery examined; indexed plaque vol-
ume was defined as plaque volume (mm3) divided by 
artery segment length (mm).

CAC Score Quantification
For CAC measurements, a noncontrast cardiac 
computed tomography scan was performed before 
the coronary computed tomographic angiography 
using prospective ECG triggering over a single 
heartbeat with a gantry rotation and x- ray exposure 
time of 0.35 seconds and 0.5- mm slice collimation. 
All images were reconstructed and interpreted in 
a blinded fashion by 2 independent observers. In 
the noncontrast scan, total coronary artery cal-
cium volume score was measured by the Agatston 
technique on a commercially available computed 
tomography workstation (Vitrea, FX version 3.0 
workstation; Vital Images, Minnetonka, MN).34 The 
volume score was computed as the sum of the 
total volume of calcium of the calcified regions in 
all vessels.
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Statistical Analysis
Subjects were divided into tertiles based on METs 
achieved during exercise testing. Because of a large 
number of subjects in the 8.2- MET category, group 1 
has a slightly smaller number of subjects than groups 2 
and 3. Categorical variables were expressed as counts 
and percentages and analyzed using chi- square tests. 
Normality tests were conducted using the Shapiro–Wilk 
test. Continuous variables were reported as the mean 
and SD for normally distributed variables or median and 
interquartile range [IQR] for non- normally distributed 
variables. Plaque volumes were not normally distributed 
and therefore are reported as median [IQR]. Continuous 
variables were compared using unpaired (between- 
group comparisons) t tests or ANOVA for 3- group 
comparison for normally distributed variables or the 
Mann–Whitney U test (between- group comparisons) or 
Kruskal–Wallis for non- normally distributed variables. 
Collinearity was assessed with the variance inflation fac-
tor. Residual plots were analyzed to assess for eligibility 
of a linear regression model. Homoscedasticity was as-
sessed. Scatter plots of the dependent variables were 
assessed to evaluate any nonlinearity. A linear regres-
sion model was followed given that it was most suit-
able. The association between indexed plaque volume 
components, CAC score, and exercise MET groups 
was examined using multivariate linear regression ad-
justing for patient characteristics. A 2- sided P≤0.05 was 
considered statistically significant. Data analyses were 
performed using SPSS software (version 20.0; IBM 
Corp., Armonk, NY). Drs Malik and Asbeutah had full 
access to all the data in the study and take responsibil-
ity for its integrity and the data analysis.

RESULTS
A total of 270 subjects underwent maximal exercise 
treadmill testing. All subjects achieved at least 4 METs. 
Baseline characteristics are shown in Table 1. The high-
est MET group reported a median exercise of 200 min-
utes per week compared with 85 minutes in the lowest 
MET group. Compared with those in the lowest MET 
group, those in the highest MET group were signifi-
cantly younger, more likely to be male, had less hy-
pertension or diabetes mellitus, and lower body mass 
index, waist circumference, systolic blood pressure, 
glucose, hemoglobin A1c, triglyceride, and neutrophil 
count and were less likely to be taking an angioten-
sin receptor blocker, thiazide diuretic, furosemide, or 
calcium- channel blocker.

Exercise Capacity
Table 2 reports that those in the highest MET group 
(≥10.6) had significantly larger amounts of fatty, fibrous, 

and total plaque compared with the lowest MET group 
in the univariate analysis. Figure 1 shows box plots for 
the coronary plaque results in Table 2. After adjustment 
for age, sex, body mass index, diastolic blood pressure, 
diabetes mellitus status, level of low- density lipoprotein 
cholesterol and triglyceride, and use of medications, no 
difference was observed in fatty plaque among the 3 
exercise groups (P=0.23; Bonferroni adjusted, P=1.0). 
The CAC score was 241.3 Agatston units lower in the 
highest MET group compared with the lowest in the 
univariate analysis (P=0.011; Table 2). After multivariate 
adjustment, the difference became more significant 
(P=0.008). Figure  2 reports the relationship between 
CAC score and METs achieved as a continuous varia-
ble. For every 1- MET increase in exercise capacity, the 
CAC score was 66.2 Agatston units lower (P=0.017).

Exercise Intensity and Volume
Subjects were divided into 3 groups: no exercise, 
moderate- intensity exercise, and high- intensity exer-
cise. Those subjects who exercised reported regu-
lar frequency on a weekly basis. Table 3 reports that 
hemoglobin A1c, albumin creatinine ratio, total choles-
terol, triglyceride, low- density lipoprotein cholesterol, 
neutrophil count, and statin were significantly different 
among the 3 groups. Table 4 reports no difference in 
fatty, fibrous, noncalcified, or total plaque or CAC score 
among the 3 exercise intensity groups. Figure 3 reports 
the relationship between CAC score and minutes per 
week of moderate and high exercise intensity as con-
tinuous variables. As minutes per week increased, the 
CAC score remained relatively constant for moderate- 
intensity exercise (Figure  3; β=0.108, P=0.78), with a 
slight, but nonsignificant, decrease for high- intensity 
exercise (Figure  3; (β=−0.72, P=0.42). These findings 
suggest no adverse effect of increasing min/wk of ei-
ther moderate-  or high- intensity exercise on CAC score.

Of those doing moderate exercise, 62.4% achieved 
≥8.2 METs, with 30.1% of these achieving ≥10.6 METs. 
They achieved this with a median [IQR] of 240 [140, 
365] and 213 [143,315] minutes of exercise per week, 
respectively. Because CVD events were lower in the 
total group of those achieving ≥8.2 METs (see Cardiac 
Event Section below), we stratified results by 8.2 METs. 
Table 5 reports that those achieving ≥8.2 METs had a 
trend toward a lower CAC score compared with those 
achieving <8.2 METs (median [IQR], 370.7 [132.5, 
826.9 versus 575.0 [222.8, 1408.3]; P=0.07); 78% of 
these were walking only. After adjustment for the dif-
ferences in characteristics reported in Table  5—sig-
nificantly lower waist circumference, total cholesterol 
and triglyceride level, and albumin creatinine ratio ratio 
compared with those achieving <8.2 METs—no ma-
terial difference was noted in CAC score or plaque 
composition.
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Table 1. Characteristics Stratified by the 3 Exercise MET Groups

Characteristics

MET Exercise Group

Group 1 
4.0 to 8.1 METs 

n=77

Group 2 
8.2 to 10.5 METs 

n=98

Group 3 
≥10.6 METs 

n=95
ANOVA 
P Value* P Value†

Min exercise/wk mean (SD) 142 (201) 198 (224) 229 (180) 0.018

Min exercise/wk median [IQR] 85 [0, 210] 150 [0, 280] 200 [120, 313] <0.001

Demographic characteristics

Age, mean±SD, y 65.5±6.8 63.8±6.6 59.9±8.5 <0.001 <0.001

Male sex, n (%) 54 (70.1) 81 (82.7) 89 (93.7) 0.039 <0.001

Inclusion criteria (may have >1), n (%)

History of myocardial infarction 37 (48.1) 43 (43.9) 44 (46.3) 0.90 0.77

History of percutaneous coronary intervention 45 (58.4) 59 (60.2) 64 (67.4) 0.85 0.48

History of coronary bypass grafting 17 (22.1) 31 (31.6) 14 (14.7) 0.074 0.25

Cardiovascular risk factors, n (%)

History of hypertension 66 (85.7) 87 (88.8) 72 (75.8) 0.10 0.043

History of diabetes mellitus 30 (39.0) 32 (32.7) 13 (13.7) 0.002 <0.001

Anthropometric and blood pressure, mean±SD

Weight, kg 92.3±16.0 92.1±14.7 88.8±11.2 0.11 0.13

Body mass index, kg/m2 31.5±4.1 30.8±3.5 29.2±2.8 <0.001 <0.001

Waist circumference, cm 110.5±11.7 106.7±10.4 102.5±7.6 <0.001 <0.001

Systolic blood pressure, mm Hg 124.7±13.4 126.0±15.7 120.9±12.3 0.094 0.036

Diastolic blood pressure, mm Hg 70.2±9.0 74.2±10.6 74.3±8.7 0.034 0.002

Biochemical profile, mean±SD

Glucose, mmol/L 6.15±1.88 6.00±2.13 5.47±1.13 0.18 0.048

Hemoglobin A1c, % 6.5±1.1 6.1±0.8 5.9±0.8 0.008 <0.001

Albumin creatinine ratio, median [IQR] 8.4 [4.3, 25.0] 4.0 [2.3, 9.4] 3.5 [2.3, 5.7] <0.001 0.30

Lipids, mean±SD, mg/dL‡

Total cholesterol 151.1±33.8 150.2±31.6 141.0±29.5 0.10 0.11

Triglyceride, median [IQR] 135.0 [97.0, 205.0] 116.0 [88.3, 172.8] 88.0 [69.8, 122.3] 0.001 <0.001

High- density lipoprotein- C 43.8±14.4 46.2±15.0 46.7±13.6 0.77 0.46

Low- density lipoprotein- C 84.7±27.0 85.0±23.3 80.4±24.8 0.31 0.47

Complete blood count, mean±SD

WBC, 109 cells/L 6.9±1.9 6.7±1.8 6.1±1.5 0.18 0.092

Monocytes, cells/μL 553.0±181.2 522.6±163.3 503.4±151.0 0.13 0.10

Neutrophils, cells/μL 4416.8±1678.9 4325.4±1675.3 3872.7±1234.0 0.013 0.025

Lymphocytes, cells/μL 1744.4±676.9 1703.9±568.9 1537.7±473.0 0.91 0.85

Platelets, cells/μL 199.1±57.2 197.7±53.1 178.8±43.9 0.17 0.061

Medications, n (%)

Statin 76 (98.7) 91 (92.9) 91 (95.8) 0.48 0.18

Aspirin 75 (97.4) 92 (93.9) 92 (96.8) 0.20 0.43

Angiotensin- converting enzyme inhibitor 38 (49.4) 54 (55.1) 55 (57.9) 0.74 0.53

Angiotensin receptor blocker 22 (28.6) 16 (16.3) 11 (11.6) 0.53 0.013

Thiazide diuretic 22 (28.6) 14 (14.3) 16 (16.8) 0.077 0.045

Furosemide 12 (15.6) 6 (6.1) 2 (2.1) 0.025 0.003

Calcium- channel blocker 22 (28.6) 28 (28.6) 13 (13.7) 0.011 0.022

Beta- blocker 61 (79.2) 67 (68.4) 67 (70.5) 0.59 0.25

C indicates cholesterol; IQR, interquartile range; MET, metabolic equivalent of task; and WBC, white blood cells.
*P values derived using Pearson’s chi square for categorical variables and Kruskal–Wallis test for nonparametric data.
†P value compares group 1 with group 3.
‡To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglyceride to millimoles per liter, multiply by 0.01129.
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Of those doing high- intensity exercise, 87.9% 
achieved ≥8.2 METs, with 52.3% of these achiev-
ing ≥10.6 METs. They exercised a total median [IQR] 
of 315 [210, 522] minutes of exercise per week. 
Approximately half of this was moderate- intensity 
exercise and half was high- intensity exercise. Those 
achieving ≥8.2 METs had a trend toward a lower CAC 
score compared with those achieving <8.2 METs 

(median [IQR], 397.4 [101.5, 1261.7] versus 744.8 
[412.4, 2123.3]; P=0.098).

Cardiac Events
Cardiac events included unstable angina, myocar-

dial infarction, percutaneous coronary interventions, 
positive exercise treadmill test, and death. Subjects in 

Table 2. Comparison of Indexed Volume for Coronary Plaque Subtypes and CAC Score Stratified by the Exercise MET 
Groups in Uni-  and Multivariate Analyses

MET Groups Univariate Adjusted

Group 1 
n=77 

4.0 to 8.1 METs

Group 2 
n=98 

8.2 to 10.5 METs

Group 3 
n=95 

≥10.6 METs
ANOVA 
P Value

P Value 
Group 1 vs  

Group 3 β P Value*

Plaque subtypes†

Fatty plaque 7.6 [4.0, 12.8] 8.5 [4.1, 13.1] 9.9 [6.8, 15.3] 0.008 0.008 0.63 0.23

Fibrous plaque 12.3 [7.4, 21.5] 13.4 [7.3, 22.9] 20.6 [12.1, 27.3] <0.001 <0.001 1.96 0.028

Noncalcified plaque 22.5 [11.6, 33.8] 21.6 [11.2, 35.6] 31.3 [18.3, 42.6] 0.001 0.002 2.60 0.064

Total plaque 23.9 [14.7, 41.0] 25.5 [15.0, 41.4] 39.5 [22.9, 47.6] 0.001 0.002 3.50 0.038

CAC‡ 542.9 [227.4, 1327.3] 461.9 [84.0, 1216.1] 297.8 [120.4, 769.8] 0.050 0.011 −241.3 0.008

Data presented as median [interquartile range]. CAC indicates coronary artery calcium score; LDL- C, low- density lipoprotein cholesterol; and MET, metabolic 
equivalent of task.

*Adjusted for age, sex, body mass index, diastolic blood pressure, diabetes mellitus status, level of LDL- C and triglyceride, and medications, which include 
statin, angiotensin receptor blocker, thiazide diuretic, furosemide, and calcium- channel blocker. Bonferroni adjusted P values are P=1.0 for fatty plaque; P=0.14 
for fibrous plaque; P=0.32 for noncalcified plaque; P=0.19 for total plaque; and P=0.04 for CAC score.

†Plaque volume expressed as mm3 divided by artery segment length (mm).
‡CAC score using Agatston technique and expressed in Agatston units.

Figure 1. Box plots of coronary plaque results for fatty, fibrous, noncalcified, and total plaque 
shown in Table 2.
The horizontal bar is the median with the 25th percentile (first quartile; Q1) and 75th percentile (third 
quartile; Q3) represented by the bars below and above the median, respectively. The lower end of the 
whiskers is calculated as (Q1–1.5*IQR [interquartile range]) and the upper end of the whiskers is calculated 
as (Q3+1.5*IQR). Adjusted P values for comparison among the 3 groups as shown in Table 2 are: fatty 
plaque: 0.23; fibrous plaque: 0.028; non- calcified plaque: 0.064 and total plaque: 0.038. IQR indicates 
interquartile range; MET, metabolic equivalents of task.
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the highest MET group had significantly fewer cardiac 
events compared with those in the lowest MET group 
at 30- month follow- up (4.25% versus 12.9%, respec-
tively; P=0.038). Figure  4 reports the Kaplan–Meier 
plots for time to first cardiovascular event for the 3 MET 
groups for those with CAC score >400. The combina-
tion of MET groups 2 and 3 (which is ≥8.2 METs) had 
significantly fewer adverse cardiovascular events com-
pared with <8.2 METs (P=0.037). When time to events 
by minutes of exercise per week was examined by in-
tensity of exercise, there was no significant difference 
among the 3 MET groups (P=0.21; data not shown).

DISCUSSION
Exercise Capacity and Coronary Fatty 
Plaque
In the current study, we examined the relationship 
between exercise capacity, coronary plaque com-
position, and CAC scores in subjects with stable 
CAD. Several new findings emerge. First, after ad-
justment, no difference in the amount of fatty plaque 
was observed among the 3 exercise MET groups. 
Those in the highest MET group exercised a median 
of 200  minutes per week compared with the low-
est MET group who exercised a median of 85 min-
utes per week. Fatty plaque is lipid rich and more 
likely to rupture, leading to thrombosis and acute 

myocardial infarction, compared with fibrous or cal-
cified plaque.22 This finding suggests that there is no 
adverse effect of exercise capacity or self- reported 
exercise duration on fatty plaque.

Exercise Capacity and CAC Score
Second, those in the highest MET exercise category 
had a significantly lower CAC score in univariate 
analysis, which strengthened in significance after 
adjustment, compared with the lower MET catego-
ries. Similar findings were noted in a cross- sectional 
study of 8565 healthy Korean men without clinical 
CAD. Those in the highest quartile of cardiorespira-
tory fitness, as measured by calorimetry to calculate 
VO2 max (maximum capacity to use oxygen during 
exercise, which reflects cardiopulmonary fitness), 
were 40% less likely (95% CI, 0.48–0.73) to have a 
CAC score >75th percentile.35

Exercise Capacity and Cardiovascular 
Events
Third, in the current study, those with exercise ca-
pacity ≥10.6 METs had a 68% lower rate of cardiac 
events over the course of 30- month follow- up com-
pared with those in the lowest MET group. In those 
with CAC score >400, those achieving ≥8.2 METs 
had significantly better survival free of CVD events 
(P=0.037). Our findings in CAD subjects are in line with 

Figure 2. Relationship between CAC score and METs achieved as a continuous variable.
For every 1- MET increase in exercise capacity, the CAC score was 66.2 Agatston units lower (P=0.017). 
CAC indicates coronary artery calcium score; MET, metabolic equivalents of task.
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those of the Cooper Clinic study in subjects without 
CAD. When cardiorespiratory fitness was estimated 
based on METs achieved in 8425 asymptomatic men 

in the Cooper Clinic study, higher levels of exercise 
capacity were associated with decreased cardio-
vascular events across the spectrum of CAC scores 

Table 3. Characteristics Stratified by the 3 Exercise Intensity Groups

Characteristics No Exercise (n=75)
Moderate- Intensity 

Exercise (n=89)
High- Intensity 

Exercise (n=106) P Value*

Min exercise/wk, mean (SD) 0 (0) 285 (225) 255 (115) <0.001

Min exercise/wk, median [IQR] 0 [0] 225 [124, 339] 315 [210, 522] <0.001

Demographic characteristics

Age, mean±SD, y 63.5 (7.7) 64.0 (6.5) 61.8 (8.4) 0.10

Male sex, n (%) 58 (77.3) 75 (80.1) 96 (89.7) 0.062

Inclusion criteria (may have >1), n (%)

History of myocardial infarction 27 (36.0) 49 (52.7) 51 (47.7) 0.31

History of percutaneous coronary intervention 48 (64.0) 58 (62.4) 65 (60.7) 0.99

History of coronary bypass grafting 15 (20.0) 22 (23.7) 28 (26.2) 0.91

Cardiovascular risk factors, n (%)

History of hypertension 68 (90.1) 74 (79.6) 88 (82.8) 0.14

History of diabetes mellitus 25 (33.3) 28 (30.1) 25 (23.4) 0.31

Anthropometric and blood pressure, mean±SD

Weight, kg 92.6 (13.9) 88.8 (15.5) 92.8 (13.4) 0.11

Body mass index, kg/m2 31.4 (3.8) 30.1 (3.9) 30.6 (3.3) 0.085

Waist circumference, cm 108.9 (10.6) 105.9 (10.8) 105.5 (10.0) 0.076

Systolic blood pressure, mm Hg 127.4 (14.4) 124.4 (16.7) 123.1 (12.4) 0.14

Diastolic blood pressure, mm Hg 74.0 (10.5) 72.6 (9.8) 74.0 (9.0) 0.46

Biochemical profile, mean±SD

Glucose, mmol/L 109.8 (32.5) 111.7 (42.2) 101.3 (25.1) 0.09

Hemoglobin A1c, % 6.4 (1.0) 6.3 (1.1) 5.9 (0.6) 0.001

Albumin creatinine ratio, median [IQR] 5.4 [3.2, 11.2] 4.7 [2.9, 11.1] 3.8 [2.1, 7.6] 0.041

Lipids, mean±SD, mg/dL†

Total cholesterol 164.5 (43.3) 148.3 (28.5) 147.0 (32.4) 0.003

Triglyceride, median [IQR] 131.0 [109.0, 197.0] 116.0 [77.0, 163.0] 108.5 [72.3, 150.0] 0.009

High- density lipoprotein- C 46.1 (13.3) 47.5 (15.1) 46.9 (13.9) 0.81

Low- density lipoprotein- C 88.7 (36.7) 74.2 (20.7) 76.0 (24.3) 0.002

Complete blood count, mean±SD

WBC, 109 cells/L 6.9 (1.8) 6.8 (1.9) 6.4 (2.5) 0.36

Monocytes, cells/μL 546.2 (193.7) 522.7 (139.9) 515.2 (161.6) 0.46

Neutrophils, cells/μL 4278.0 (1497) 4110.1 (1699.0) 3921.3 (1386.2) 0.041

Lymphocytes, cells/μL 1792.9 (621.7) 1586.8 (638.7) 1805.6 (1999.0) 0.54

Platelets, cells/μL 202.9 (54.9) 190.5 (50.9) 185.3 (48.6) 0.082

Medications, n (%)

Statin 68 (90.1) 91 (97.8) 104 (97.2) 0.046

Aspirin 71 (94.7) 88 (94.6) 105 (98.1) 0.36

Angiotensin- converting enzyme inhibitor 41 (54.7) 53 (57.0) 59 (55.1) 0.95

Angiotensin receptor blocker 16 (21.3) 14 (15.1) 18 (16.8) 0.55

Thiazide diuretic 16 (21.3) 16 (17.2) 20 (18.7) 0.79

Furosemide 8 (10.7) 7 (7.5) 7 (6.5) 0.59

Calcium- channel blocker 21 (28.0) 24 (25.8) 21 (19.6) 0.18

Beta- blocker 60 (80.0) 70 (75.3) 71 (66.4) 0.11

C indicates cholesterol; IQR, interquartile range; MET, metabolic equivalent of task; and WBC, white blood cells.
*P values derived using Pearson’s chi square for categorical variables, ANOVA for normally distributed data, and Kruskal–Wallis test for nonparametric data.
†To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglyceride to millimoles per liter, multiply by 0.01129.
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at an average follow- up of 8.4  years.36 Similarly, in 
25,972 asymptomatic Korean subjects, the hazard 
ratio for all- cause mortality in those with CAC >400 
and exercise capacity <10 METs was 3.328- fold 
higher (95% CI, 1.850–5.988) than the hazard ratio 
of 1.108 (95% CI, 0.512–2.400) in those achieving >10 
METs (P=0.024) after adjustment.37 Thus, exercise 
capacity >10 METs was protective in the setting of 
CAC scores >400. These 2 studies suggest that in 
the setting of higher CAC scores, high cardiorespi-
ratory fitness estimated from METs achieved lowers 
the risk for cardiovascular events and mortality. The 
current findings similarly support that achieving ≥8.2 
METs protects against cardiovascular events in CAD 
subjects with CAC scores >400. To our knowledge, 
this is the first report on the relationship between 
fatty plaque, CAC score, exercise capacity, and car-
diovascular events in subjects with CAD.

Exercise Intensity and Volume and 
Coronary Plaque
In the current report, no difference was found in CAC 
score or plaque subtypes among those who did no ex-
ercise and those who exercised at moderate-  or high- 
intensity levels. In fact, both the moderate- intensity 
exercisers and high- intensity exercisers achieving 
≥8.2 METs had a trend toward lower CAC scores. The 
lack of adverse impact on CAC score and coronary 
plaque composition by exercise intensity is important 
because higher exercise volume and/or intensity have 
been reported to accelerate coronary plaque calci-
fication in several studies in subjects without clinical 
CAD (reviewed in Table 6).13,16–19 In the Cooper Center 
Longitudinal Clinic Study of 21,758 men without clini-
cal CAD (mean age, 51.7±8.4  years), those who ex-
ercised ≥3000 MET minutes per week had an 11% 
higher risk (95% CI, 1.03–1.20) of a CAC score of at 
least 100 (mean±SD, 800±1120) compared with those 

exercising <3000 MET minutes per week.13 In a cohort 
of 248 male athletes with self- reported exercise data 
converted to METs, men in the >2000 MET minutes 
per week group had a significantly higher CAC score 
and a higher prevalence of calcified plaque (adjusted 
odds ratio, 3.57; 95% CI, 1.28–9.97) compared with 
the <1000 MET minutes per week group.16 In a cross- 
sectional study of vigorous exercise, 152 masters ath-
letes (70% male) aged >40 years who ran ≥10 miles or 
cycled ≥30 miles per week for ≥10 years and competed 
in ≥10 endurance events over a 10- year period had a 
higher prevalence of calcified plaques (72.7% versus 
30.8%; P=0.0002) and a higher prevalence of ath-
erosclerotic plaques of any luminal irregularity (44.3% 
versus 22.2%; P=0.009) compared with 92 sedentary 
males.18 Only male athletes had a CAC score ≥300 
Agatston units and a luminal stenosis ≥50%. Median 
CAC score in male athletes was 86 versus 3 in sed-
entary males (P=0.02). Of note, the number of years 
of training was the only independent variable associ-
ated with CAC >70th percentile for age or luminal ste-
nosis ≥50% in male athletes (odds ratio, 1.08; 95% CI, 
1.01–1.15; P=0.016), a finding suggesting that duration 
of vigorous exercise increases the risk of CAC.18 In a 
cross- sectional study of vigorous exercise in 50 ex-
perienced male marathon runners who participated in 
25 consecutive Twin Cities Marathon races, the run-
ners had a significantly higher mean calcified plaque 
volume as compared with 23 sedentary controls (84 
versus 44  mm3; P<0.0001) and higher noncalcified 
plaque volume (116 versus 82 mm3; P=0.04).19As noted 
earlier, CAC score was 1.86- fold higher in those who 
exercised 450 minutes per week in the CARDIA study 
compared with those exercising <150  minutes per 
week.17 Although high exercise duration >450 minutes 
per week in CARDIA was associated with higher CAC 
scores, when examined by cardiorespiratory fitness, 
those in the highest fitness level (≥13.5 METs for males 
and ≥10 METs for females) had a 41% lower odds ratio 

Table 4. Comparison of Indexed Volume for Coronary Plaque Subtypes and CAC Score Stratified by the Exercise Intensity 
Groups

No Exercise (n=75)
Moderate Intensity 

(n=89)
High Intensity 

(n=106)
ANOVA P 

Value

P Value 
No Exercise vs High 

Intensity

Plaque subtypes*

Fatty plaque 9.6 [5.5, 14.1] 8.0 [4.3, 13.1] 9.6 [5.6, 14.2] 0.42 0.88

Fibrous plaque 16.0 [9.4, 23.9] 15.0 [8.9, 22.4] 17.6 [17.6, 25.2] 0.29 0.59

Noncalcified plaque 25.3 [15.0, 37.2] 22.4 [15.0, 35.3] 27.4 [15.0, 47.5] 0.36 0.69

Total plaque 30.2 [18.1, 43.8] 27.3 [15.8, 41.8] 33.3 [18.6, 46.2] 0.32 0.75

CAC† 356.9 [83.6, 978.0] 455.2 [170.2, 984.6] 516.6 [142.0, 1350.6] 0.28 0.46

Data presented as median [interquartile range]. CAC indicates coronary artery calcium score.
*Plaque volume expressed as mm3 divided by artery segment length (mm).
†CAC score using Agatston technique and expressed in Agatston units.
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of CAC 15 years later (odds ratio, 0.59; 95% CI, 0.36–
0.97).38 These findings, along with the current report, 
suggest that high fitness has a beneficial impact on 

CAC score. In contrast to CARDIA, the current report 
suggests no adverse effect of exercise intensity and 
volume on coronary plaque or CAC.

Figure 3. Relationship between CAC score and minutes per week of moderate- intensity exercise 
(A) and high exercise intensity (B) as continuous variables.
As minutes per week increased, the CAC score remained relatively constant for moderate- intensity exercise 
(A) with a β=0.108 and P=0.78 with a slight, but not significant, decrease for high- intensity exercise (B) with 
a β=−0.72 and P=0.42. CAC indicates coronary artery calcium score; MET, metabolic equivalents of task.



J Am Heart Assoc. 2020;9:e014919. DOI: 10.1161/JAHA.119.014919 11

Malik et al Exercise, Coronary Fatty Plaque, and CAC in CAD

Table 5. Characteristics, Plaque Composition, and CAC Score Stratified by MET Group for Those Exercising at Moderate 
Intensity

MET Exercise Group

4.0 to 8.1 METs (n=33) ≥8.2 METs (n=56) P Value*

Min exercise/wk, mean (SD) 260 (236) 294 (215) 0.48

Min exercise/wk, median [IQR] 180 [90, 315] 240 [140, 365] 0.12

Demographic characteristics

Age, mean±SD, y 64.5 (6.6) 63.7 (7.1) 0.62

Male sex, n (%) 25 (71.4) 50 (86.2) 0.081

Inclusion criteria (may have >1), n (%)

History of myocardial infarction 17 (48.6) 32 (65.3) 0.57

History of percutaneous coronary intervention 22 (62.9) 36 (62.1) 0.74

History of coronary bypass grafting 9 (25.7) 13 (22.4) 0.70

Cardiovascular risk factors, n (%)

History of hypertension 26 (74.3) 25 (82.8) 0.33

History of diabetes mellitus 13 (37.1) 15 (25.9) 0.25

Anthropometric and blood pressure, mean±SD

Weight, kg 93.3 (18.6) 86.3 (12.5) 0.057

Body mass index, kg/m2 31.9 (4.6) 29.0 (2.7) 0.001

Waist circumference, cm 110.3 (12.7) 103.2 (8.1) 0.004

Systolic blood pressure, mm Hg 125.6 (16.4) 123.2 (17.4) 0.51

Diastolic blood pressure, mm Hg 70.8 (8.8) 73.3 (10.2) 0.22

Biochemical profile, mean±SD

Glucose 111.3 (37.6) 110.6 (44.2) 0.94

Hemoglobin A1c, % 6.4 (0.92) 6.2 (1.2) 0.38

Albumin creatinine ratio, median [IQR] 6.3 [4.3, 26.5] 3.9 [2.8, 7.6] 0.016

Lipids, mean±SD, mg/dL†

Total cholesterol 159.2 (34.9) 144.2 (27.4) 0.024

Triglyceride, median [IQR] 141.0 [79.0187.0] 109.0 [74.5147.0] 0.010

High- density lipoprotein- C 48.9 (19.9) 46.7 (11.9) 0.51

Low- density lipoprotein- C 77.6 (27.7) 73.4 (19.1) 0.40

Complete blood count, mean±SD

WBC, 109 cells/L 7.0 (1.9) 6.7 (1.9) 0.36

Monocytes, cells/μL 518.4 (135.1) 525.2 (140.4) 0.82

Neutrophils, cells/μL 4528.4 (1627.5) 4412.2 (1708.4) 0.75

Lymphocytes, cells/μL 1766.3 (808.2) 1513.1 (505.9) 0.066

Platelets, cells/μL 201.5 (62.5) 185.4 (41.4) 0.19

Plaque subtypes, median [IQR]‡

Fatty plaque 5.4 [3.2, 12.2] 8.6 [5.5, 13.8] 0.13

Fibrous plaque 11.7 [5.3, 19.5] 16.8 [9.7, 23.7] 0.065

Noncalcified plaque 15.5 [8.5, 32.0] 26.1 [15.3, 36.9] 0.087

Total plaque 19.9 [8.8, 39.7] 29.5 [18.7, 44.9] 0.093

CAC§ 575.0 [222.8, 1408.3] 370.7 [132.5, 826.9] 0.070

Medications, n (%)

Statin 35 (100.0) 56 (96.6) 0.45

Aspirin 35 (100.0) 53 (91.4) 0.074

Angiotensin- converting enzyme inhibitor 18 (51.4) 35 (60.3) 0.45

Angiotensin receptor blocker 6 (17.1) 8 (13.8) 0.27

Thiazide diuretic 7 (20.0) 9 (15.5) 0.58

 (Continued)
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Exercise Intensity and Volume and CVD 
Events

Our Kaplan–Meier time to cardiovascular event curves 
showed no difference in cardiovascular events by vol-
ume of exercise for the 3 exercise intensity groups. 
These findings are important because studies of 
subjects with CAD have shown a J-  or U- shaped re-
lationship between amount of physical activity and 
cardiovascular outcomes. The National Walkers’ and 
Runners’ Health study examined whether greater ex-
ercise volume reduces mortality in a study of 2377 
post–myocardial infarction patients over 10.4  years 
of follow- up.21 Compared with the lowest exercise 
group (<1.1 MET hours per day), CVD- related mortal-
ity decreased by 21% for 1.07 to 1.8 MET hours per 
day of running or walking (P=0.11), 24% for 1.8 to 3.6 

MET hours per day (P=0.04), 50% for 3.6 to 5.4 MET 
hours per day (P=0.001), and 63% for 5.4 to 7.2 MET 
hours per day (P<0.001), but decreased only 12% for 
7.2 MET hours per day (P=0.68). Compared with the 
12% risk reduction at 7.2 MET hours per day, those 
exercising >7.2 MET hours per day (the equivalent of 
running >7.1 km a day or walking >10.7 km per day) 
had a 3.19- fold increased risk (95% CI, 1.42–6.79, 
P=0.006) for all ischemic heart disease–related mor-
talities and a 2.62- fold increase (95% CI, 1.29–5.06; 
P=0.009) in cardiovascular mortality.21 In the German 
KAROLA (Langzeiterfolge der Kardiologischen 
Anschlussheilbehandlung) study of 1038 patients 
with stable CAD, those who performed daily strenu-
ous physical activity and those who rarely exercised 
had a higher all- cause and cardiovascular mortal-
ity rate compared with those performing moderate 

MET Exercise Group

4.0 to 8.1 METs (n=33) ≥8.2 METs (n=56) P Value*

Furosemide 4 (11.4) 3 (5.2) 0.27

Calcium- channel blocker 12 (34.3) 12 (20.7) 0.43

Beta- blocker 25 (71.4) 45 (77.6) 0.89

CAC indicates coronary artery calcium score; IQR, interquartile range; MET, metabolic equivalent of task; and WBC, white blood cells.
*P values derived using Pearson’s chi square for categorical variables, Student t test for normally distributed data, and Mann–Whitney U test for nonparametric 

data.
†To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglyceride to millimoles per liter, multiply by 0.01129.
‡Plaque volume expressed as mm3 divided by artery segment length (mm).
§CAC score using the Agatston technique and expressed in Agatston units.

Table 5. Continued

Figure 4. Kaplan–Meier plots for time to cardiovascular events for the 3 MET groups for those 
with CAC score >400.
The combination of MET groups 2 and 3 had significantly fewer cardiovascular outcomes (P=0.037). CAC 
indicates coronary artery calcium score; MET, metabolic equivalents of task.
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exercise daily or in 2 to 4 sessions per week over 
8.1  years of follow- up.20 The most highly active pa-
tients had a 2.36- fold increased risk of cardiovascular 
mortality (95% CI, 1.05–5.34). Thus, a high volume of 
strenuous or vigorous physical activity may attenuate 
the benefit of physical activity and actually increase 
cardiovascular events and mortality in CAD subjects. 
In contrast, the findings in the current study support 
no difference in events with either moderate-  or high- 
intensity exercise. It is important that 62.4% of those 
who exercised at moderate intensity were able to 
achieve ≥8.2 METs; of these, 30.1% achieved ≥10.6 
METs, and the combined group of those achieving 
≥8.2 METs had a trend toward lower CAC scores. Of 
those doing moderate exercise, the majority (78%) 
were walking only. These results should reassure 
patients with stable CAD that they can reap similar 
benefits from moderate- intensity as opposed to high- 
intensity exercise on prevention of cardiovascular 
events and elevated CAC scores.

Moderate Intensity Walking and Coronary 
Artery Calcium
Based on our finding that those doing moderate in-
tensity exercise and achieving ≥8.2 METs had a trend 
toward a lower CAC score and that 78% of these were 
walking only, it’s worthy to note that moderate intensity 
walking has been associated with less CAC in healthy 
subjects. In an analysis of 2971 participants (60% fe-
male) of the National Heart, Lung, and Blood Institute 
Family Heart Study who had no history of myocardial 
infarction, coronary bypass graft surgery, or percuta-
neous coronary angioplasty, the group who walked 
>15 to 22.5 MET hours per week had a 46% lower 
prevalence of a CAC score of at least 100 as com-
pared with those who walked ≤3.75 MET hours per 
week after adjusting for age, sex, race, smoking, alco-
hol use, total exercise metabolic activity index (exclud-
ing walking), and familial clustering.39 These findings, 
coupled with the findings of the current study, support 
the recommendation of moderate volume and inten-
sity of exercise, such as walking, as being beneficial for 
subjects with and without CAD.

Major strengths of the current analysis include ex-
amining both fatty plaque and CAC score in relation 
to exercise capacity, exercise intensity, and duration 
and subsequent cardiac events over 30  months in 
subjects with CAD. Limitations include measurement 
of exercise capacity only at baseline, but subjects 
were encouraged to maintain levels of activity at that 
time during the 30- month follow- up for cardiovas-
cular events. Another limitation is that exercise was 
self- reported, and this could impact our results on 
exercise duration. However, the acquisition method 
included meeting with each subject individually Ta
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using a chart to collect the type of exercise, minutes 
per session, and frequency per week, allowing for 
solid definition of total physical activity intensity and 
volume.

CONCLUSIONS
High exercise capacity was associated with lower cor-
onary calcium scores and no difference in coronary 
fatty plaque volume in CAD subjects. Moreover, ex-
ercise capacity ≥8.2 METs was associated with fewer 
cardiovascular events over 30 months compared with 
<8.2 METS. In contrast, exercise intensity or duration 
had no impact on CAC score and plaque subtypes or 
cardiovascular events and therefore was not harmful. 
Moderate exercise intensity at a median [IQR] of 240 
[140,365] minutes per week achieved ≥8.2 METs with 
a trend toward a lower CAC score. These data sug-
gest that exercise, which increases cardiorespiratory 
fitness to ≥8.2 METs and can be achieved by moderate 
exercise in the form of walking, may provide the most 
benefit for coronary plaque burden and cardiovascu-
lar events in subjects with CAD and strengthen rec-
ommendations for moderate exercise as beneficial for 
CAD subjects. Therefore, vigorous exercise intensity 
and volume may not be needed for CAD patients to 
benefit, with the more important factor being mainte-
nance of cardiorespiratory fitness at ≥8.2 METs, which 
can be achieved with moderate volume and intensity 
of exercise such as walking.
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