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IMPORTANCE Few data are available to guide clinical recommendations for individuals
with high levels of physical activity in the presence of clinically significant coronary artery
calcification (CAC).

OBJECTIVE To assess the association among high levels of physical activity, prevalent CAC,
and subsequent mortality risk.

DESIGN, SETTING, AND PARTICIPANTS The Cooper Center Longitudinal Study is a prospective
observational study of patients from the Cooper Clinic, a preventive medicine facility. The
present study included participants seen from January 13, 1998, through December 30, 2013,
with mortality follow-up through December 31, 2014. A total of 21 758 generally healthy men
without prevalent cardiovascular disease (CVD) were included if they reported their physical
activity level and underwent CAC scanning. Data were analyzed from September 26, 2017,
throughMay 2, 2018.

EXPOSURES Self-reported physical activity was categorized into at least 3000 (n = 1561),
1500 to 2999 (n = 3750), and less than 1500 (n = 16 447) metabolic equivalent of task
(MET)–minutes/week (min/wk). The CAC scores were categorized into at least 100 (n = 5314)
and less than 100 (n = 16 444) Agatston units (AU).

MAIN OUTCOMES ANDMEASURES All-cause and CVDmortality collected from the National
Death Index Plus.

RESULTS Among the 21 758male participants, baseline mean (SD) age was 51.7 (8.4) years.
Men with at least 3000MET-min/wk weremore likely to have prevalent CAC of at least
100 AU (relative risk, 1.11; 95% CI, 1.03-1.20) compared with those accumulating less physical
activity. In the group with physical activity of at least 3000MET-min/wk and CAC of at least
100 AU, mean (SD) CAC level was 807 (1120) AU. After a mean (SD) follow-up of 10.4 (4.3)
years, 759 all-cause and 180 CVD deaths occurred, including 40 all-cause and 10 CVD deaths
among those with physical activity of at least 3000MET-min/wk. Men with CAC of less than
100 AU and physical activity of at least 3000MET-min/wk were about half as likely to die
compared with menwith less than 1500MET-min/wk (hazard ratio [HR], 0.52; 95% CI,
0.29-0.91). In the group with CAC of at least 100 AU, menwith at least 3000MET-min/wk did
not have a significant increase in all-cause mortality (HR, 0.77; 95% CI, 0.52-1.15) when
compared with menwith physical activity of less than 1500MET-min/wk. In the least active
men, those with CAC of at least 100 AUwere twice as likely to die of CVD compared with
those with CAC of less than 100 AU (HR, 1.93; 95% CI, 1.34-2.78).

CONCLUSIONS AND RELEVANCE This study suggests there is evidence that high levels of
physical activity (�3000MET-min/wk) are associated with prevalent CAC but are not
associated with increased all-cause or CVDmortality after a decade of follow-up, even
in the presence of clinically significant CAC levels.
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T he health benefits of regular physical activity are well
known, includingdecreasedall-causemortality, fataland
nonfatal cardiovascular disease (CVD) events, and

sudden cardiac death.1 However, the adverse effects of high
levels of endurance activity (well beyond current physical ac-
tivity guidelines for health promotion)2 on the development
of subclinical coronary artery atherosclerosis have been the
focus of recent publications. In a study evaluating 152masters
athletes and 92 controls with low atherosclerotic risk profiles,
a small percentageofmaleathletes (12of 106 [11.3%])hadcoro-
naryarterycalcification(CAC)ofat least300Agatstonunits (AU),
whereasnomalecontrolshadsimilarCAClevels.3Whetherthese
data are sufficiently robust to support the conclusion that
“coronary plaques are more abundant in athletes”3(p126) is
controversial.4 Another study evaluating 284 active men5

showed that those with the highest volume of physical activ-
ity (>2000metabolic equivalent of task [MET]–minutes/week
[min/wk]) had a higher prevalence of CAC. In these studies,3-5

the dominant plaque morphologic feature (calcified,
noncalcified,ormixed) in themostactivegroupwasmore likely
to be calcified plaques, suggesting that these plaquesmight be
more stable and lessprone to rupture.Theseandsimilarobser-
vational studies6-11 with small numbers of highly select indi-
viduals have demonstrated conflicting results related to sub-
clinicalatherosclerosisprevalence. Importantly,primaryclinical
outcomes are unavailable for these studies,making their clini-
cal implications uncertain.6-11

Few published reports present mortality outcomes in
individualswith high levels of endurance activity in the pres-
ence of clinically significant CAC and thus, fewdata are avail-
able to guide clinical recommendations.6,7,12 If endurance
athletes with higher amounts of CAC demonstrate increased
mortality, then consideration should be given to reducing
physical activity levels closer to those of the guidelines. Con-
versely, if thepresenceofCAC inathletes isnot associatedwith
increasedmortality, then reassurance regardinghigh levels of
physical activity would be more appropriate.

The objectives of this workwere 2-fold: first, to assess the
cross-sectional associationofprevalentCACwithhigh levelsof
physical activity ina largepopulationofgenerallyhealthymen,
and second, to evaluate whether high levels of physical activ-
itywere associatedwith increasedmortality in thosewithCAC
because whether the mild increase in CAC seen in endurance
athletes translates to greater mortality remains unknown.
Ultimately, the overarching goal of these analyses is to provide
clarity for health care professionals and patients regarding
the risk of high levels of physical activity in the presence of
subclinical atherosclerosis.

Methods
Study Population
TheCooperClinic,Dallas,Texas, is apreventivemedicineprac-
ticebegun in 1970 that focuseson lifestylemodification forop-
timalhealth.Thismodelhasmotivatedenduranceathletesand
thosewithconsiderable routinemoderate tovigorousphysical
activity to seek care at the clinic. In general, the patient popu-

lation iswhiteandeducatedandhasaccess tomedical care.The
CooperCenterLongitudinalStudy (CCLS) isaprospectivestudy
initiated toevaluate theassociationbetweencardiorespiratory
fitness (CRF),physical activity, andhealth.Datacollectedat the
CooperClinic and captured in theCCLSdatabase arenot based
onasystematic researchprotocolbut ratheronclinicalpractices
andpatient-specificphysicianrecommendations.Clinicpatients
sign informed consent for the use of their deidentified clinical
data for research. The study is approved annually by the insti-
tutional review board of The Cooper Institute.

For this study, individuals with an evaluation including
history of physical activity and CAC scanningwere identified
as the base cohort (28880 men seen from January 13, 1998,
through December 30, 2013, with follow-up completed on
December 31, 2014). Exclusion criteria for the primary cohort
included being younger than 40 years or older than 80 years
(n = 2828), follow-up of less than 1 year from scan visit
(n = 3144),preexistingmyocardial infarction (n = 316)or stroke
(n = 112);missing bodymass index (BMI; calculated asweight
inkilogramsdividedbyheight inmeters squared) ormeasure-
mentsofbloodpressure, glucose levels, triglyceride levels, and
highdensity lipoprotein (HDL) cholesterol levels (n = 704); or
a BMI of less than 18.5 (n = 18). These exclusions resulted in a
final sample of 21 758men. A subcohort of 18 564menunder-
went treadmill exercise testing to determineCRF for corrobo-
ration with self-reported physical activity.

Womenwere excluded from the primary assessment ow-
ing to insufficientnumberofdeaths,which is theprimaryout-
comeof interest. Of note, 9501women remained after the ex-
clusion criteria were applied. In this cohort, only 5 all-cause
and3CVDdeathsoccurred in thehighlyactivegroupofwomen
(≥3000MET-min/wk). However, because this question is im-
portant in men and women, the characteristics, CAC preva-
lence, andmortality tables forwomenare includedaseTables 1
to 3 and the eFigure in the Supplement.

Clinical Status
Thebaselineexaminationincludedathoroughhistoryquestion-
nairewithmedicalandphysicalactivityquestionsconfirmedby
theclinicphysician.Prescriptionmedications, includingstatins,
werecapturedfromthephysicianreport.Dietaryhistorywasnot

Key Points
Question Is the presence of high levels of coronary artery
calcification in the setting of very high levels of physical activity,
for example, as typically practiced bymasters marathon runners,
associated with increasedmortality?

Findings In this observational study of 21 758menwith varying
levels of physical activity, the presence of elevated levels of
coronary artery calcification (�100 Agatston units) was more
prevalent among highly active men. However, no increase in
all-cause or cardiovascular disease mortality was evident in this
group when compared with menwhowere less active.

Meaning Inhighly active individualswithelevated levels of coronary
artery calcification, it appears that there is no evidence to suggest
increasedmortality risk fromhigh levels of physical activity.
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routinely obtained and, hence, not considered in this analysis.
Weight inkilogramsandheight inmetersweremeasuredusing
a standardclinical scaleandstadiometer.Bodymass indexwas
then calculated and reported using the measured weight and
height.2 Seated resting blood pressure was acquired using a
mercury sphygmomanometer following a standard protocol
andreported inmillimetersofmercury.After a 12-hour fast, ve-
nousblood sampleswere collected and theCooperClinic labo-
ratoryassayedbloodchemistry analytes according to standard
procedures and reported in appropriate units.

Cardiorespiratory fitnesswasobjectivelymeasuredbased
onmaximal timeonanexercise treadmill test using themodi-
fiedBalkeprotocol aspreviouslydescribed.13,14Treadmill time
using this protocol is known tobehighly correlatedwithmea-
sured maximal oxygen uptake in men (r = 0.92).15 Maximal
MET levels (1 MET = 3.5 mL/O2 × kg−1 × min−1) were esti-
mated from the final treadmill speed and grade.16

Physical Activity
The detailed, self-reported physical activity questionnairewas
reviewedwiththepatientforaccuracy.Patientsareaskedtodefine
theirparticipation in the followingactivities, includingnumber
ofsessionsperweek(frequency)andmeandurationofeachwork-
outduringthepreceding3months:walking, joggingor running,
treadmill, bicycling, stationarycycle, swimming, aerobicdance
or floorexercise, andvigorousactivity.Frequencyandduration
wereconvertedtominutesofactivityperweek,weightedbymul-
tiplying by an estimatedMET value using the Compendium of
PhysicalActivityvalues for intensityassessment17 andsummed
acrossallactivities tototalphysicalactivity inMET-min/wk.This
processprovidesavolumeofweeklyphysicalactivityforeachin-
dividual.Nospecificquestiondefinedwhether theseexercisers
are in fact competitive athletes (eg, regularmarathon runners).
However, an activity level greater than 3000 MET-min/wk
is substantially above the guidelines and corresponds to
more than 5 hour/week of vigorous exercise, or approximately
48 kilometer/week at a pace 10minutes per 1.6 kilometer.

Physical activity levelswere categorized into the following
3 groups: at least 3000 or more, 1500 to 2999, and less
than1500MET-min/wk.ThePhysicalActivityGuidelines2 iden-
tify the need for at least 150 minutes/week (min/wk), or
500MET-min/wk,ofmoderate tovigorousphysical activity for
health and at least 300min/wk, or 1000MET-min/wk, for en-
hancedhealth andperformancebenefits. To focus the evalua-
tion on high activity volumes, at least 3000 MET-min/wk
was considered the highest activity category. The remainder
were divided as 1500 to 2999 MET-min/wk and less than
1500MET-min/wk.The latterwas selectedas the lower thresh-
oldbasedon thedistributionofphysical activity in this sample
(75.6%were at the level of <1500MET-min/wk) and to ensure
substantial volumeof activity in thegroups above that thresh-
old (ie, >150min/wk of vigorous physical activity at an inten-
sity of 10MET).

Coronary Artery Calcification
Coronary artery calcification as assessed by electron beam
tomography scan using the C-150XP or C-300 system (GE
Imatron) from1998through2007.Three-millimeter thickslices

were obtained with 2-mm table increments during a breath-
holding protocol. Themethods for determining the Agatston
calcium score have been reported.18 Coronary artery calcifi-
cation quantification in this cohort is highly reproducible
and free of bias.19 From 2008 to 2013, a 64-section scanner
(Lightspeed VCT; GE Healthcare) was used. For the primary
analysis, CAC was characterized dichotomously as less than
100 AU vs at least 100 AU to create lower- and higher-risk
categories.20 Inaddition,CAC of0vsCACofgreater than0and
CAC of less than 400 and CAC of at least 400were evaluated.

Mortality
Mortal events, including the specific cause of death, were
ascertained through 2014 using National Death Index Plus.
Cardiovascular death was classified with International
Classification ofDiseases, 9thRevision, (deaths through 1999),
codes 390 to 449, or International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision (deaths
after 1999), codes I00 to I99. Follow-up times of participants
who were still living at the end of 2014 were right censored.

Statistical Analysis
Datawere analyzed fromSeptember 26, 2017, throughMay 2,
2018. Baseline characteristics were summarized by physical
activity (<1500, 1500-2999, or ≥3000 MET-min/wk) and
CAC (<100 or ≥100 AU) categories. Follow-up time and num-
bers of all-cause and CVD deaths were summarized in the
same categories. Relative risk of CAC of at least 100 AU for
physical activity of less than 1500and 1500 to 2999vs at least
3000 MET-min/wk adjusted for age, smoking, BMI, glucose
level, cholesterol level, and resting systolic bloodpressurewas
estimatedusingPoissonregressionwithrobusterrorvariance.21

Maximumlikelihoodwasused to estimatehazard ratios (HRs)
forall-causeandCVDmortality fromGompertzmortalitymod-
els, assuming event rates exponentially increasing with age.
Mortality model fit was confirmed by testing the Cox-Snell
residuals against a censored exponential distribution. The
proportional hazards assumptions were tested using Fisher
z transformation of the correlation between the Schoenfeld
residuals and the rank-ordered event times. Cubic regression
splines were used to fit mortality models with continuous
physical activity effects. Post hoc power was calculated from
exemplarydatageneratedbyapplyingthefittedmortalitymod-
els to the actual data. The sample had at least 80% power to
detect all-cause mortality HRs of greater than 1.60 for physi-
cal activity of at least 3000 vs less than 1500 MET-min/wk
separately in those with CAC of less than 100 or at least
100AU.The correspondingminimumdetectableCVDmortal-
ityHRswere 2.50 and2.00.All analyseswere programmed in
SAS/STAT software (version 9.4; SAS Institute Inc).

Results
DescriptivecharacteristicsarepresentedinTable1byphysicalac-
tivityandCAClevel categories. In this sampleof21 758men, the
mean (SD) age at baseline examinationwas51.7 (8.4) years, and
mostdidnotusetobacco(86.0%)orastatinmedication(82.8%).
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Meninthemosthighlyactivecategory(>3000MET-min/wk)were
slightlyolder,were less likelytosmoke,hadlowerBMIandblood
glucose and triglyceride levels, andhadhigherHDLcholesterol
levels.Themeanphysicalactivityvolumeinthemosthighlyac-
tive groupwas slightlymore than 4600MET-min/wk,which is
equivalenttorunning6miles/dayatapaceof10minutespermile
(9.6 kilometers/day at a pace of 10minutes per 1.6 kilometers).
Thisexercisevolumeisconsistentwiththeweeklydistancespro-
posed for and practiced bymanymastersmarathon runners.22

The lifetimeactivity inyears increasedwith increasingphysical
activitycategory.Coronaryarterycalcificationscore, lesionnum-
ber, and total volumedemonstratedno significant trendacross
physical activity groupswithin groupswith CAC of at least 100
and less than 100AU.

Figure 1 shows the sample distribution of physical activ-
ity categories in MET-min/wk, with a high-resolution distri-
bution of the most active group. eTable 4 in the Supplement
shows thedistributionof activities inMET-min/wkbyCACand

Table 1. Baseline Characteristics of 21 758 Generally HealthyMen by Physical Activity Level and CAC Categoriesa

Characteristic

Physical Activity Category, MET-min/wk

All Men
(N = 21 758)

CAC <100 AU CAC ≥100 AU
<1500
(n = 12 413)

1500-2999
(n = 2902)

≥3000
(n = 1129)

P Value
for Trend

<1500
(n = 4034)

1500-2999
(n = 848)

≥3000
(n = 432)

P Value
for Trend

Age, mean (SD), y 49.5
(7.1)

49.2
(7.0)

50.0
(7.2)

.97 58.7
(8.5)

57.9
(8.2)

58.9
(8.5)

.10 51.7
(8.4)

White, No. (%) 11 196
(90.2)

2616
(90.1)

1021
(90.4)

.07 3681
(91.2)

775
(91.4)

390
(90.3)

.07 19 679
(90.4)

Current smoker, No. (%) 1874
(15.1)

306
(10.5)

136
(12.0)

<.001 583
(14.5)

98
(11.6)

47
(10.9)

<.001 3044
(14.0)

Statin use, No. (%) 1590
(12.8)

302
(10.4)

131
(11.6)

<.001 1346
(33.4)

287
(33.8)

114
(26.4)

.046 3770
(17.3)

BMI, mean (SD) 28.1
(4.2)

27.2
(3.5)

27.1
(3.6)

<.001 28.7
(4.4)

27.5
(3.8)

27.1
(3.7)

<.001 28.0
(4.1)

Systolic blood pressure,
mean (SD), mm Hg

123.4
(13.3)

122.7
(13.0)

123.2
(13.3)

.01 129.5
(16.1)

128.4
(15.0)

129.8
(16.3)

.49 124.8
(14.2)

Glucose level,
mean (SD), mg/dL

99.8
(19.1)

97.3
(14.1)

98.0
(30.3)

<.001 104.9
(23.4)

102.3
(19.7)

100.5
(21.7)

<.001 100.4
(20.3)

Cholesterol level,
mean (SD), mg/dL

199.3
(36.6)

196.4
(35.2)

195.2
(34.5)

<.001 195.5
(40.7)

193.1
(36.2)

195.6
(39.0)

.55 197.7
(37.2)

LDL cholesterol level,
mean (SD), mg/dL

123.9
(32.1)

121.2
(30.8)

119.7
(30.6)

<.001 119.1
(35.4)

117.4
(32.5)

119.3
(35.0)

.53 122.1
(32.6)

HDL cholesterol level,
mean (SD), mg/dL

48.1
(12.2)

51.8
(13.2)

53.4
(13.7)

<.001 48.2
(12.9)

52.1
(13.9)

52.7
(13.7)

<.001 49.1
(12.8)

Triglyceride level,
mean (SD), mg/dL

140.2
(103.1)

119.3
(87.1)

113.2
(79.5)

<.001 146.0
(117.4)

120.9
(81.0)

119.4
(76.9)

<.001 135.9
(102.2)

Calcium level,
mean (SD), mg/dL

9.2
(0.4)

9.2
(0.4)

9.2
(0.4)

.046 9.2
(0.4)

9.2
(0.4)

9.2
(0.4)

.04 9.2
(0.4)

Framingham Risk Score,
mean (SD), %

8.7
(5.4)

7.4
(4.7)

7.6
(4.8)

<.001 13.5
(8.0)

11.5
(6.9)

12.3
(7.4)

<.001 9.5
(6.3)

Physical activity level,
mean (SD), MET-min/wk

473.8
(469.2)

2077.9
(416.7)

4618.2
(2431.5)

<.001 430.7
(470.2)

2087.1
(422.4)

4646.9
(2187.9)

<.001 1040.6
(1399.6)

Physical activity,
mean (SD), min/wk

104.0
(115.8)

334.4
(179.2)

712.8
(447.8)

<.001 105.2
(157.6)

353.8
(136.2)

766.5
(415.0)

<.001 189.4
(247.5)

Lifetime physical
activity, mean (SD), y

18.1
(13.3)

22.8
(13.6)

25.5
(13.6)

<.001 20.1
(15.2)

26.0
(15.1)

30.2
(16.3)

<.001 20.5
(14.2)

CAC score,
mean (SD), AU

11.3
(22.7)

10.3
(21.5)

11.5
(22.2)

.42 736.1
(975.9)

680.9
(865.2)

806.7
(1119.9)

.92 187.4
(572.1)

Calcification volume
score, mean (SD)

11.0
(28.7)

10.2
(18.2)

11.5
(18.6)

.32 442.9
(539.8)

410.4
(488.1)

474.0
(592.4)

.91 128.3
(572.1)

No. of calcification
lesions, mean (SD)

1.1
(2.1)

1.0
(1.7)

1.2
(2.7)

.41 12.5
(12.8)

11.8
(9.8)

12.1
(8.6)

.33 4.2
(8.2)

Cardiorespiratory fitness,
mean (SD), MET

11.0
(1.9)

12.4
(2.0)

12.9
(2.3)

<.001 10.1
(2.0)

11.4
(2.1)

11.8
(2.2)

<.001 11.2
(2.1)

V̇O2max, mean (SD),
mL/kg/min

38.6
(6.8)

43.3
(7.0)

45.1
(8.0)

<.001 35.4
(6.9)

40.1
(7.4)

41.3
(7.8)

<.001 39.2
(7.4)

V̇O2max ≥50 mL/kg/min,
No. (%)

571
(5.3)

439
(16.9)

246
(24.7)

<.001 68
(2.2)

65
(9.2)

48
(13.4)

<.001 1437
(7.7)

Maximum heart rate,
mean (SD), bpm

174.8
(13.4)

174.6
(12.6)

173.7
(12.5)

.02 165.0
(14.9)

166.7
(13.7)

165.9
(14.5)

.005 172.6
(14.1)

Heart rate recovery
at 1 min, mean (SD), bpm

23.1
(7.5)

24.9
(7.9)

25.4
(7.9)

<.001 21.8
(8.2)

22.7
(8.4)

24.4
(8.9)

<.001 23.2
(7.8)

Abbreviations: AU, Agatston units; BMI, bodymass index (calculated as
weight in kilograms divided by height in meters squared); bpm, beats
per minute; CAC, coronary artery calcification; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; MET, metabolic equivalent of task;
V̇O2max, maximum oxygen consumption.

SI conversion factors: To convert calcium tomillimoles per liter, multiply by 0.25;
cholesterol tomillimoles per liter, multiply by 0.0259; glucose tomillimoles per

liter, multiply by 0.0555; triglycerides tomillimoles per liter, multiply by 0.0113.
a Sample sizes were reduced where a specific observation wasmissing with
resulting minimum sample sizes for statin use (n = 20 239), LDL cholesterol
level (n = 21 461), calcium level (n = 14 437), lifetime physical activity
(n = 13 802), calcification volume (n = 19 411), number of calcifications
(n = 19 480), cardiorespiratory fitness (n = 18 564), V̇O2max (n = 18 564),
maximum heart rate (n = 18 564), and heart rate recovery (n = 18 564).
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physical activity levels. Of note, thehighest activity levels are
not limited to runningor any single activity.A subgroupanaly-
sis of those with an additional physical activity assessment
within 5 years of baseline found 61.3% of those with physical
activity of at least 3000 MET-min/wk at baseline had confir-
mation of ongoing high levels of physical activity of at least
1500 MET-min/wk. In 18 564 men with CRF measurement
(Table 1), themosthighlyactivegroupweremore fit (mean[SD]
METs, 12.9 [2.3] or 44.1 [8.1] mL−1 × kg−1 × min−1) and more
likely to have an estimated maximal oxygen consumption of
at least 50 mL−1 × kg−1 × min−1 than the less active groups.

Figure 2 summarizes the relative risk of prevalent CAC by
physical activity group. Menwith at least 3000MET-min/wk
weremore likely tohaveprevalentCACof at least 100AU(rela-
tive risk, 1.11; 95% CI, 1.03-1.20) compared with those accu-
mulating lesser amounts of physical activity. The number of

all-cause and CVD deaths and associated incidence rates are
described inTable2.Duringamean (SD) follow-upof 10.4 (4.3)
years, 759mendied, including 180CVDdeaths. Among those
with physical activity of at least 3000 MET-min/wk,
40 all-cause and 10 CVD deaths occurred.

Age- andmultivariate-adjusted analyses revealed 1 statis-
tically significantassociationamongphysical activity,CAC,and
all-cause mortality (Table 3). In men with CAC of less than
100 AU, those who accumulated at least 3000 MET-min/wk
were about half as likely to die compared with men with less
than 1500MET-min/wk (HR, 0.52; 95% CI, 0.29-0.91). In the
group with CAC of at least 100 AU, men who accumulated at
least 3000MET-min/wk did not have an increase in all-cause
mortality (HR, 0.77; 95% CI, 0.52-1.15) when compared with
men with less than 1500 MET-min/wk. When evaluating the
association among high physical activity, CAC, andmortality
withotherCACcutpoints, a similaroutcomewasseen (eTable5
and 6 in the Supplement), including a statistically significant
decrease in all-cause mortality in the highest physical activ-
ity groupwithCACof at least 1.00AU (HR,0.63; 95%CI, 0.44-
0.92). Of note, increasing physical activity was not associ-
ated with a statistically significant increase in mortality, and
no evidence suggested that physical activity hazards for all-
cause mortality varied by category of CAC for physical activ-
ity of 1500 to less than 3000 MET-min/wk (HR for <1.00 AU,
0.78 [95%CI,0.56-1.07]vsHRfor≥1.00AU,0.87 [95%CI,0.65-
1.17]) and for physical activity of at least 3000 MET-min/wk
(HR for <1.00AU,0.52 [95%CI, 0.29-0.91] vsHR for ≥1.00AU,
0.77 [95% CI, 0.52-1.15]; P = .47 for interaction). Similar ob-
servations were observed for CVD mortality by category of
CAC (physical activity of 1500 to <3000MET-min/wk: HR for
<1.00 AU, 0.66 [95% CI, 0.29-1.51] vs HR for ≥1.00 AU, 0.66
[95% CI, 0.36-1.23]; physical activity of ≥3000MET-min/wk:
HR for <1.00 AU, 0.39 [95%CI, 0.08-1.79] vs HR for ≥1.00 AU,
0.80 [95% CI, 0.39-1.64]; P = .70 for interaction) (see Table 3
for details). Finally, a subgroup analysis was performed with
those individuals (n = 20239)whohadmedications reported
in the study data to evaluate the potential association with
statins. Again,HRof less than 1.00was seen in thehighphysi-
cal activity group after adjusting for statin use (eTable 7 in
the Supplement).

Discussion
Inthis largecohortofmenwithmorethanadecadeof follow-up,
adjustedriskofCACofat least 100AUwas11%greateramongin-
dividualswithveryhigh levels ofphysical activity compared to
thosewithlowerlevels.Moreimportantly,noevidentassociation
existedbetweenveryhighlevelsofphysicalactivityandincreased
mortalityamongindividualswithandwithoutclinicallyrelevant
levels of subclinical atherosclerosis. Indeed, in virtually every
analysis,atanycutpointofCACorwhenconsideredcontinuously,
individualswiththehighest levelsofphysicalactivityhad lower
mortalitythanthosewiththelowestactivity levels.Theseresults
do not support the contention that high-volume endurance
activity,with ameanofmore than 1 hour of activity per day, in-
creases the risk of all-causeorCVDmortality, regardless ofCAC

Figure 1. Distribution of Individuals Across Physical Activity
in the Study Population
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Figure 2. Relative Risk of Prevalent Coronary Artery Calcification (CAC)
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level.Thesamplesize (n = 21758)andthemeanfollow-up (10.4
years)aresubstantially larger thanthoseofothersimilarstudies.
Despite this large sampleandprolonged follow-up, thenumber
ofmortaleventsinthehighest-activitygroupwasremarkablylow.

A robust literaturedescribes substantial all-causeandCVD
mortalitybenefits fromroutinephysical activityandCRF.1,23-25

However, more recent literature has raised concern that this
mortalitybenefitdiminisheswith increasingvolumesofphysi-
cal activity. In the Copenhagen City Heart Study,26 individu-
als reporting 1.0 to 2.4 hours/week of jogging had 71% re-
duced mortality compared with nonjoggers, but strenuous
joggers appeared to have higher mortality (HR, 1.97; 95% CI,
0.48-8.14).Only2deaths,however,occurredamongthestrenu-
ous joggers, and the cause of death was not identified. Con-
versely, in ameta-analysis of 10 studies evaluating42807elite
or professional athletes,27 the elite athletes lived longer and
had reduced CVD and cancermortality (standardizedmortal-
ity ratio, 0.67; 95% CI, 0.55-0.81) compared with the general
population. These studies andothers7,28,29 demonstratemor-
tality benefit in awide variety of populations in terms of size,
participant athleticism, and availability of descriptive infor-
mation to allow adjustment for competing risks formortality.
Thus, a paucity of evidence suggests that high levels of long-
term aerobic activity increase mortality.

Recent studies have raised the possibility that these lev-
elsof exercisemay increase subclinical atherosclerosis.3-5Most
related literaturehas showna lackof associationbetweenhigh

levels of physical activity and coronary atherosclerosis, but
again, these studies includesmall groupsof athletes.9-11,30Two
recent studies3,5 have suggested that extreme levels of physi-
cal activity, includingmarathon running, are associated with
increased CAC. However, data evaluating high-volume activ-
ity athleteswith knownCACand long-termclinical outcomes
are scarce. Once CAC is discovered, a great clinical concern is
whether continued high levels of activity accelerate the tran-
sition to clinical disease, including nonfatal and fatal CVD
events. In the present study, although highly active men had
slightly greater risk of CACof at least 100AU, a corresponding
greater mortality was not seen.

Several studieshaveevaluated the joint effects ofCACand
physical activity or CRF, a marker of habitual physical activ-
ity, on health outcomes.1 A large (N = 10 690) study12 as-
sessedregularphysical activitywitha lowresolutionscale from
0 to 10 (0 indicates never; 10, all the time) and demonstrated
all-causemortality was higher with lower activity and higher
CAC. With respect to CRF, in a study of 25 972 middle-aged
Korean individualswithCACandCRFmeasurementswhowere
followedup for 5.5 years,31 thosewithmore than 10-METCRF
(vs lowerCRF)hadanattenuatedassociationofhighCACwith
all-cause mortality. Recently, Radford et al32 evaluated more
than 8000 healthy men and found that for any baseline age
and CAC level, higher CRF was associated with lower annual
total CVD incidence. Although these studies evaluated large
numbers of individuals, they did not focus on the high levels

Table 2. All-Cause and Cardiovascular DiseaseMortality in 21 758 Generally HealthyMen by Physical Activity Category and CAC Category

Outcome

Physical Activity Category, MET-min/wk

All Men
(N = 21 758)

CAC <100 AU CAC ≥100 AU
<1500
(n = 12 413)

1500-2999
(n = 2902)

≥3000
(n = 1129)

<1500
(n = 4034)

1500-2999
(n = 848)

≥3000
(n = 432)

Mean (SD) follow-up time, y 10.5 (4.3) 9.8 (4.3) 9.6 (4.4) 10.8 (4.3) 10.5 (4.2) 10.2 (4.3) 10.4 (4.3)

Total follow-up, y 130 060.6 28 491.3 10 782.9 43 544.1 8912.4 4424.0 226 215.3

All-cause deaths

No. of deaths 282 42 14 343 52 26 759

Incidence per 1000 person-years 2.2 1.5 1.3 7.9 5.8 5.9 3.4

CVD deaths

No. of deaths 50 7 2 102 11 8 180

Incidence per 1000 person-years 0.4 0.2 0.2 2.3 1.2 1.8 0.8

Abbreviations: AU, Agatston units; CAC, coronary artery calcification; CVD, cardiovascular disease; MET, metabolic equivalent of task.

Table 3. Hazards for All-Cause and CVDMortality in 21 758 Generally HealthyMen
by CAC and Physical Activity Category

Physical Activity
Category,
MET-min/wk

CAC Category, HR (95% CI)

<100 AU ≥100 AU

Age-Adjusted Fully Adjusteda Age-Adjusted Fully Adjusteda

All-cause mortality

<1500 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

1500-2999 0.73 (0.53-1.01) 0.78 (0.56-1.07) 0.82 (0.62-1.10) 0.87 (0.65-1.17)

≥3000 0.55 (0.32-0.94) 0.52 (0.29-0.91) 0.72 (0.49-1.08) 0.77 (0.52-1.15)

CVD mortality

<1500 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

1500-2999 0.69 (0.31-1.52) 0.66 (0.29-1.51) 0.58 (0.31-1.09) 0.66 (0.36-1.23)

≥3000 0.45 (0.11-1.83) 0.39 (0.08-1.79) 0.75 (0.36-1.54) 0.80 (0.39-1.64)

Abbreviations: AU, Agatston units;
CAC, coronary artery calcification;
CVD, cardiovascular disease;
HR, hazard ratio; MET, metabolic
equivalent of task.
a Adjusted for age, bodymass index,
glucose level, cholesterol level,
systolic blood pressure,
and smoking.
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of physical activity associated with endurance athletes for
whom the question of training-induced coronary calcifica-
tionhasbeen raised. Indeed, thekeyquestionaddressed in the
present study was whether the presence of high CAC associ-
ated with high levels of exercise training as typically prac-
ticed bymastersmarathon runners is associatedwith greater
mortality. For this question, the answer is clearly no.

Strengths and Limitations
Strengths of this study include the large sample (21 758men),
long mean duration of follow-up (10.4 years), and the avail-
ability of self-reported and measured risk factor information
for risk estimation andmultivariate analyses. The overall risk
profilewouldsuggest thatsufficient riskexistswithin thepopu-
lation for the outcomes of interest to occur. Although physi-
cal activity is self-reported, the extensive questionnaire
allows solid definition of total physical activity volume. An
ample subcohort alsounderwent treadmill exercise testing for
CRF assessment and demonstrated a strong association be-
tween reported high levels of activity and high CRF, support-
ing the cogency of self-reported activity levels.

Limitations in this study include the homogeneity of the
populationthat ispredominantlywhite,welleducated,andwith
access to health care. Although limiting generalizability, this
homogeneity removes unmeasured confounders and empha-
sizes the exposures of interest, including physical activity and
CAC.Thecross-sectionalnatureof theanalysis betweenphysi-
cal activity and CAC limits our ability to make a direct casual
inference,but results are suggestiveof thephysical activityand
CAC association previously described. The selected covariates
werebasedontheFraminghamCardiovascularRiskequation33

and represent consistently available variables. Although data
regarding baseline statin use are available, information on the
length of use or the chronic lipid control level is not. Further,
multiple visits were not analyzed owing to the limited mortal

events in those with more than 1 visit and, hence, lack infor-
mation on whether CAC discovery might have led to lifestyle
and/or treatmentmodification.Thus, thepatients’ rationale for
their high levels of activity is unknown (eg, influence of risk
status or existingmedical problems).

In this largecohortwith longdurationof follow-upandafo-
cusonthetailofadistribution,statisticalpower is limited.Ofthe
759 deaths, only 40 are among thosewith high physical activ-
ity levels.Powertodetectall-causemortalityHRsto1.60forhigh
vs low physical activity levels falls below 80% among those
withCACofat least 100AUaswell as less than100AU.Power to
detect CVDmortality HRs to 2.00 among those with CAC of at
least 100 AU and to 2.50 among those with CAC of less than
100 AU falls below 80%. Consequently, and although all our
evidence suggests diminished risk at high levels of physical
activity, we are unable to rule out risk ratios to these limits.

Conclusions
The present study, with, what is to our knowledge, the best
available mortality data in a large population with CAC and
quantification of physical activity, advances our understand-
ing of the association of high levels of physical activity, clini-
cally relevantCAC, andmortality. An 11% increase occurred in
the adjusted prevalence of CAC of at least 100 AU in themost
highly active group, most of whom had a CAC of less than
100 AU. In the presence of CAC and high levels of physical
activity, however, the risk of all-cause andCVDmortalitywas
less (comparedwith lower levels of physical activity) and thus
appears to provide evidence against the hypothesis that high
levels of activity increase the risk of all-cause or CVDmortal-
ity.Our findings should reassurepatients and their health care
professionals that it appears thesehighlyactive individuals can
safely continue their exercise programs.
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