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Abstract Background To assess left ventricular

volumes and mass by cardiac magnetic resonance

imaging in relation to conventional cardiovascular risk

factors and coronary atherosclerotic plaque burden in

master marathon runners aged C50 years. Methods

Cardiac MRI was performed in 105 clinically healthy

male marathon runners (mean age 57.3 ± 5.7 years,

range 50–71 years) on a 1.5 T MR system (Avanto,

Siemens, Germany). Cine steady state free precession

images in standard long and short axes views were

acquired to assess left ventricular volumes and mass.

Cardiovascular risk factors (blood pressure, HDL/LDL

cholesterol, smoking, body mass index) were assessed

and coronary artery calcification (CAC) was quantified

by electron beam computed tomography. Results

Left ventricular muscle mass (mean LVMM =

140 ± 27 g; 73 ± 13 g/m2) increased with increasing

left ventricular end-diastolic volume (mean LVEDV =

137 ± 32 ml; 72 ± 15ml/m2) (r = 0.41, P \ 0.0001)

and with systolic (r = 0.33, P = 0.005) and diastolic

(r = 0.28, P = 0.005) blood pressures. Left ventricular
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Institute of Medical Informatics, Biometry &

Epidemiology, University Duisburg-Essen, Essen,

Germany

A. Schmermund

Cardiovascular Center Bethanien, Frankfurt/Main,

Germany

M. Broecker-Preuss � K. Mann

Department of Endocrinology and Division of Laboratory

Medicine, University Duisburg-Essen, Essen, Germany

T. A. Sandner

Department of Clinical Radiology, University Hospital

Grosshadern, Ludwig-Maximilians-University Munich,

Munich, Germany

M. Halle

Department of Preventive and Rehabilitative Sports

Medicine, Technical University Munich, Munich,

Germany

G. Heusch

Institute of Pathophysiology, University Duisburg-Essen,

Essen, Germany

T. Budde

Clinic of Internal Medicine and Cardiology, Alfried

Krupp Krankenhaus, Essen, Germany

123

Int J Cardiovasc Imaging (2009) 25:71–79

DOI 10.1007/s10554-008-9337-x



EDV increased up to the age of 55 years, but decreased

thereafter. Runners with LVMM C150 g had signifi-

cantly higher CAC scores than runners with LVMM

\150 g (median CAC score 110 vs. 25, P = 0.04).

Conclusions Increases in LVMM and LVEDV may not

only represent a response to exercise but are dependent

on age and blood pressure, also. In addition, a left

ventricular hypertrophy without an increase in volume

may be an indicator for early subclinical cardiac

alterations in response to risk factor exposure.

Keywords Marathon � Left ventricular volumes �
Left ventricular mass � Athlete’s heart � MRI

Introduction

Over the past decades, the number of marathon race

participants has constantly risen [1]. During this time,

the median age of marathon finishers increased from

34 years in 1980 (26% males C40 years) to 40 years in

2005 (44% males C40 years) [1]. With increasing age,

an increased prevalence of subclinical cardiac disease

is expected, which may have implications for pre-

participation cardiovascular risk stratification. Identi-

fication of marathon runners at risk is difficult, and the

need for cardiovascular screening remains a matter of

debate [2, 3]. The risk of cardiac events associated with

marathon running has been suggested to be too low to

recommend routine screening for cardiovascular dis-

ease [4]. In master athletes, pre-participation medical

evaluations are nonetheless advised [3, 5].

In young athletes, criteria have been developed to

distinguish a physiological adaptation of cardiac

morphology and function to exercise (‘‘athlete’s

heart’’) from early cardiovascular disease [2]. In

older adults with their higher prevalence of cardio-

vascular risk factors and of subclinical cardiac

disease, the differentiation of athlete’s heart from

early cardiac disease may be more challenging.

However, cardiac morphology and function in a

large cohort of marathon runners aged C50 years has

not been described before.

During the past decade, cardiac MRI has become a

widely used tool for the assessment of cardiac

disorders in clinical routine in patients [6] and also

in athletes [7]. Cardiac MRI has become the gold

standard for quantification of cardiac volumes and

mass [8]. In the present cross-sectional observational

study, we used cardiac MRI to assess left ventricular

volumes and mass in clinically healthy marathon

runners aged C50 years and studied their association

with age and cardiovascular risk factors.

Material and methods

The Marathon Study design has been reported previ-

ously [9, 10]. The study was approved by the local

ethics committee and by the National Institute of

Radiation Protection (Bundesamt für Strahlenschutz,

Munich, Germany). All participants gave written

informed consent prior to participation in the study.

Participants

One hundred-eight master marathon runners (mean age

57.2 ± 5.7 years, range 50–71 years) were enrolled,

with the following inclusion criteria: males aged

C50 years, at least five completed full-distance mar-

athon races (42.195 km) during the past 3 years.

Exclusion criteria comprised history of established

heart disease, diabetes mellitus, angina pectoris, and

renal failure, musculo-skeletal disease at inclusion

preventing future regular marathon running, psychiat-

ric disease, and unwillingness to give informed consent

[9]. Participants were recruited in three ways: (1) an

advertisement in a German marathon journal (‘‘Run-

ners World’’), (2) a press conference at inauguration of

the study, and (3) inclusion of colleagues and friends of

participants, if inclusion criteria were met [9]. Two

males were excluded from the study because of prior

unreported myocardial infarction in one and severe

renal failure due to untreated prostate disease in the

other. Additional three athletes did not undergo MRI

scanning because of a cochlear implant (n = 1), metal

splinter in a rib (n = 1), and claustrophobia (n = 1),

leaving 105 runners that constitute the cohort for the

present report. Marathon runners had completed 20

marathons (median value, Q1–Q3: 14–41.5), had

started marathon running 9 years ago (Q1–Q3: 7–16),

and trained 55 km (approx. 35 miles; Q1–Q3: 45–65)

on 5 days per week throughout the year.

Cardiovascular risk factors

Conventional cardiovascular risk factors (CVRF) that

are a part of the Framingham risk score were assessed
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[11]. Blood pressure was measured with an automatic

oscillometric blood pressure device (Omron 705,

OMRON, Mannheim, Germany) and the mean value

of the second and third of three measurements taken

at least 3 min apart was recorded. Standard enzy-

matic methods were used to measure HDL and LDL

cholesterol [mg/dl]. Current smoking was defined as

a history of smoking during the past years. Body

mass index (BMI [kg/m2]) was calculated from

standardized measurements of height and weight.

Electron beam computed tomography (EBCT)

EBCT scans were performed using a GE-Imatron

C-150 scanner (General Electric Medical Systems,

South San Francisco, California, USA). After deter-

mination of the heart position, 30–40 axial slices

were acquired during inspiratory breath hold from

the base to the apex of the heart. Imaging was done

using the high resolution single slice mode with

100 ms exposure time, 3 mm slice thickness, and

3 mm table feed between consecutive slices. Image

acquisition was triggered to the patient’s ECG at

80% of the cardiac cycle. Coronary artery calcifica-

tions (CAC) were defined as at least four contiguous

pixels with a CT density C130 Hounsfield units

and were quantified using the Agatston scoring

method [12].

Cardiac magnetic resonance imaging (MRI)

All examinations were performed on a 1.5 Tesla MR

scanner equipped with high performance gradients

(Magnetom Avanto, Siemens Medical Solutions,

Erlangen, Germany). For image acquisition, two

elements of the spine coil and a phased-array torso

coil with six active coil elements were used. Fully

coherent steady state free precession cine images

(cineSSFP: TR 3 ms, TE 1.5 ms, FA 60�, slice

thickness 8 mm, 1.6 mm inter-slice gap, in-plane

resolution 1.75 9 1.75 mm2, temporal resolution

45 ms, bandwidth 900 Hz/pixel) were acquired in

standard long and short axes views during breath

holding in end-expiration.

MRI analysis

Measurements of left ventricular volumes and

muscle mass were performed based on the short

axes scans covering the entire left ventricle using the

ARGUS software (Siemens Medical Solutions,

Erlangen, Germany) with semiautomatic contour

detection. The most basal slice was defined as that

slice at which at least 50% of the circumference of

the left ventricular wall was seen at end-diastole and

end-systole, respectively. The apical slice was

defined as the last slice showing an intra-cavity

blood pool. Manual correction of the software-

proposed epicardial and endocardial contours at

end-diastole (image with the largest left ventricular

cavity) and end-systole (image with the smallest left

ventricular cavity) was performed in all cases.

Papillary muscles were included to the ventricular

cavity and were not considered for calculation of

mass.

Statistical analysis

Data are presented as mean ± SD, median [Q1 (25th

percentile), Q3 (75th percentile)] or percentage.

Associations were analyzed using linear regression,

including analysis of residues and curve-linearity, or

using Spearman correlation coefficients. A P-value

less than 0.05 was regarded to indicate statistical

significance. Statistical analysis was performed using

SAS v.9.1 (SAS Institute, Cary, NC, USA) and SPSS

12.0 (SPSS Inc., Chicago, IL, USA).

Results

Cardiovascular risk factors

Cardiovascular risk factors in this cohort were

representative of the entire cohort (Table 1). Thirteen

percent of participants showed arterial hypertension

(defined as systolic blood pressure C140 mmHg),

9.5% hypercholesterolemia (defined as LDL-Choles-

terol C160 mg/dl), and 33.3% a BMI C25 kg/m2.

There were 5 current smokers and 55 were previous

smokers. In this cohort, blood pressure did not

increase with age (r = 0.032, P = 0.73).

Left ventricular volumes and mass and their

association with cardiovascular risk factors

Left ventricular volumes and mass are detailed in

Table 2. Left ventricular muscle mass increased
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significantly with left ventricular end-diastolic vol-

umes (LVEDV) (Fig. 1) and with systolic and

diastolic blood pressure (Fig. 2a, b), whereas no

association between left ventricular muscle mass and

age was observed (r = 0.011, P = 0.91). LVEDV

decreased significantly with age in a linear model

(Fig. 3). We also computed a curve-linear model,

which showed a better fit to the data than the linear

model. In the curve-linear model, LVEDV initially

increased until the average age of 55, followed by a

decrease in beyond this age (Fig. 3). We observed no

association of LVEDV with systolic or diastolic

blood pressures (r = 0.045, P = 0.65 and r = 0.000,

P = 0.95, respectively).

Table 1 Detailed

characteristics of the 105

study participants with MRI

scans in comparison to the

entire group of 108 runners

All (n = 108) n = 105 with MRI

Age (years) 57.2 ± 5.7 57.3 ± 5.7

Body mass index (kg/m2) 24.0 ± 2.3 23.9 ± 2.3

Arterial hypertension (%) 12.0 12.4

Systolic blood pressure (mmHg) 121 ± 14 121 ± 14

Diastolic blood pressure (mmHg) 75 ± 9 75 ± 9

LDL (mg/dl) 121 ± 29 121 ± 29

HDL (mg/dl) 74 ± 17 74 ± 17

Diabetes 0 0

Smoking (active/former) (%) 4.6/51.9 4.8/52.4

Ten year framingham risk (%) 7 [4–9] 7 [4–9]

CAC score (median [Q1–Q3]) 36 [0–217] 34 [0–222]

Table 2 Left ventricular parameters of 105 male master marathon runners assessed by cardiac MRI: left ventricular end-diastolic

volume (LVEDV), end-systolic volume (LVESV), left ventricular ejection fraction (LVEF) and left ventricular muscle mass

(LVMM)

LV-parameters Absolute Normalized to body surface area

(a) Means ± SD for absolute and normalized LV-parameters

LVEDV 137 ± 32 ml 72 ± 15 ml/m2

LVESV 52 ± 17 ml 27±9 ml/m2

LVEF 62 ± 8% na

LVMM 140 ± 27 g 73 ± 13 g/m2

LV-Parameters 5th 25th Median 75th 95th

Abs. Norm. Abs. Norm. Abs. Norm. Abs. Norm. Abs. Norm.

(b) Percentile distribution of absolute and normalized LV-parameters

LVEDV (ml/ml/m2) 82 47 117 61 136 71 160 82 187 95

LVESV (ml/ml/m2) 29 16 39 20 51 27 63 33 84 40

LVEF (%) 49 na 56 na 63 na 68 na 73 na

LVMM (g/g/m2) 107 57 120 64 137 71 154 81 196 100

60 80 100 120 140 160 180 200 220

LVEDV [mL]
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r = 0.41 
p < 0.0001
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Fig. 1 Scatter plot and correlation of left ventricular end-

diastolic volumes (LVEDV) and left ventricular muscle mass

(LVMM) in 105 master marathon runners
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Physical activity and its association with left

ventricular volumes and mass

We found no association between any of the indexes

of physical activity with left ventricular volumes or

mass (Table 3). Regression analyses revealed no

hints for curve-linearity in any of these relations, and

the respective 95% confidence intervals of estimated

slopes all included zero. Training mileage did not

change with age (r = 0.000, P = 0.92) and we found

no association of training mileage with systolic or

diastolic blood pressure (r = 0.105, P = 0.29, and

r = 0.077, P = 0.44, respectively). In one marathon

runner, finishing times were available from 1,437

marathon competitions. As expected, competition

times show a wide range throughout the year.

However, best finishing times increased approxi-

mately until the age of 55, but gradually decreased

with further increase in age (Fig. 4).

Coronary artery calcium and its association with

left ventricular volumes and mass

A CAC \100, C100 to \400, and C400 was

observed in 62.9, 23.8, and 13.3% of marathon

runners, respectively. The CAC score was not related

to left ventricular end-diastolic volume (r = 0.118,

P = 0.23), left ventricular end-systolic volume

(r = 0.044, P = 0.66), or mass (r = 0.053,

P = 0.59). No significant differences in LV volumes

and mass were observed between marathon runners

with (CAC [ 0) and without (CAC = 0) coronary

artery calcifications (P [ 0.05). However, the CAC

burden in marathon runners with a left ventricular

muscle mass C150 g was higher (n = 32, 110 [1–

319]) than in runners with a muscle mass \150 g

(n = 73, 25 [0–144], P = 0.04).

Discussion

The present study was designed to provide reference

values and determinants of left ventricular volumes

and mass in presumably healthy male marathon

runners aged C50 years. Our findings may help to

distinguish physiological adaptation to exercise (ath-

letes’ hearts) from alterations in response to

cardiovascular risk factors and ageing. Left ventric-

ular end-diastolic volumes decreased with increasing

200
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Fig. 2 Scatter plot and correlation of left ventricular muscle

mass (LVMM) and systolic (a) and diastolic (b) blood pressure

(BP) in 105 master marathon runners
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Fig. 3 Scatter plot and curve-linear correlation of left

ventricular end-diastolic volume (LVEDV) and age
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age while LV muscle mass remained unaffected. LV

muscle mass increased with systolic and diastolic

blood pressure but not with age, indicating that blood

pressure contributes to changes in left ventricular

mass in well-trained marathon runners, even when

blood pressures are normal or near normal. These

findings have implications for cardiovascular risk

assessment in recreational athletes.

Left ventricular end-diastolic volumes in

marathon runners

The cardiac response of individual athletes to

systematic training is not uniform [13]. Endurance

training (e.g. marathon running or long distance

swimming) leads to a ventricular enlargement with-

out wall thickening [14, 15], while strength training

(e.g. weight-lifting) generally results in left ventric-

ular hypertrophy without an increase in ventricular

size. In endurance-trained athletes left ventricular

enlargement within limits represents a physiological

adaptation, which in combination with greater venous

return and expansion in plasma volume contributes to

an increase in LV cardiac output during long lasting

high-intensity exercise [15].

To our surprise, mean end-diastolic volumes

(LVEDV = 137 ml) and left ventricular ejection

fractions (LVEF = 62%) in our marathon runners

were slightly lower compared to previously published

MRI data, i.e. mean LVEDV = 152 ml and mean

LVEF = 67% in non-athletic males aged 50–

69 years [16], and mean LVEDV = 149 ml and

mean EF = 71% in males C35 years [17]. These

findings may be explained in part by slight method-

ological differences in volumetric calculations, and

by the low sample sizes in the normal cohorts

[n = 10(15) and n = 32(16), respectively].

The correlation between LV end-diastolic volumes

and age suggests that end-diastolic volumes decrease

by approximately 0.5% per year, assuming a linear

trend. Since training mileage did not change with age

in our cohort, the decrease of LV end-diastolic

volumes with age could not be explained by detrain-

ing [18], but seems attributable to a physiological

aging effect [16, 19], which has been suggested to be

caused by an age-dependent decrease in the number

of cardiomyocytes [20]. The assumption of an

decrease of LV end-diastolic volumes with age due

to physiological aging is supported by the observa-

tions of Scharhag et al. [7], who reported

considerable higher LV end-diastolic volumes in

young endurance athletes (27 ± 4 years; LVEDV =

167 ± 28 ml) compared to our data.

The scatter plot of age and LV end-diastolic

volumes also allows for the assumption of a curve-

linear relation between age and LV end-diastolic

volumes, which suggest, that LV end-diastolic vol-

umes may increase with endurance training until the

age of approximately 55–60 years, whereas thereafter

the physiological aging effect of the heart results in

Table 3 Association of

indexes of physical activity

with left ventricular

volumes and mass

a One runner had

completed 1,437 marathon

races. Associations with

CMR-parameters did not

change, however, when this

runner was excluded from

analysis

EF LVESV LVEDV LVMM

Weekly METs r = 0.126 r = 0.167 r = 0.118 r = 0.173

P = 0.19 P = 0.09 P = 0.23 P = 0.076

Years of running r = 0.024 r = 0.032 r = 0.1 r = 0.024

P = 0.80 P = 0.72 P = 0.33 P = 0.81

Number of marathon races completeda r = 0.022 r = 0.057 r = 0.077 r = 0.000

P = 0.83 P = 0.56 P = 0.42 P = 0.99

Training mileage r = 0.032 r = 0.028 r = 0.084 r = 0.142

P = 0.71 P = 0.77 P = 0.41 P = 0.15
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Fig. 4 Finishing times of a 71 year old marathon runner, who

participated in more than 1,400 marathon races since 1974
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an approximately 2% annual decrease in LV end-

diastolic volumes. Interestingly, in male world-class

athletes, marathon finishing times are closely related

to LV end-diastolic volumes, with faster running

times in athletes with larger end-diastolic volumes

[15]. This finding together with our cross-sectional

observations may have a role in the 2% decline in

annual marathon finishing times beyond age 55 in one

participant, who meticulously recorded all marathon

finishing times (Fig. 4). In comparison, VO2max

decreases by approximately 0.7–1.6% per year with

increasing age [21–23]. Thus, in addition to maximal

oxygen consumption, exercise economy and the

lactate threshold, which are believed to be key

determinants of endurance exercise performance in

older athletes [24], a change in LV end-diastolic

volumes may also contribute to this age-related

decrease in functional capacity.

Left ventricular muscle mass in marathon runners

In accordance with previously published data [14, 15],

left-ventricular muscle mass increased in parallel with

left ventricular end-diastolic volumes. However,

median left ventricular muscle mass (LVMM =

140 g) was slightly higher in our cohort compared to

previously published MRI data for non-trained persons

[17]. The increase in muscle mass could not only be

explained by increases in LV end-diastolic volumes, as

muscle mass was related to systolic and diastolic blood

pressure, even though most runners had normal resting

blood pressure values. The implication of this finding is

that a high LV muscle mass represents in part a long-

term response to blood pressure and should not be

solely interpreted as a physiological adaptation to

exercise. This is important because runners with an LV

muscle mass C150 g had significant higher CAC

scores than runners with LVMM \150 g. Arterial

hypertension does not only cause increases in myocar-

dial mass, but is also a key determinant in the

development of coronary artery calcium (CAC) [25].

A CAC score[100, which is generally accepted as a

useful threshold for elevated risk in middle aged

asymptomatic men, was found in as many as 37% of

runners. The implication of this finding is that a muscle

mass C150 g may indicate early cardiac and coronary

disease, which may warrant a more detailed cardio-

vascular risk assessment as the runners’ risk may be

higher than anticipated from conventional risk factor

assessment. However, this finding should be inter-

preted with caution, given that the association between

CAC and LVMM was statistically not significant

across the entire range of CAC and LVMM values.

Interestingly, we observed a considerably lower

median LV mass in our cohort of marathon runners

aged C50 years compared to previously published

MRI data of young endurance athletes [7]. Since we

observed no association between left ventricular

muscle mass and age in our study, this difference

may be attributable to a different training status in the

younger athletes.

Limitations

There are several limitations to our study. First, we

can only provide cross-sectional but no longitudinal

data. Especially the changes in LV volumes with

increasing age should be assessed longitudinally.

Second, it was not the purpose of this study to

provide reference values for maximal oxygen con-

sumption, exercise economy, lactate threshold and

other measures of endurance exercise performance.

However, given the potential implications of our

study, the relationship of changes in LV volumes

with changes in measures of exercise performance,

remains to be studied. Furthermore, our data may not

be representative for all marathon runners, especially

women and non-caucasian athletes. Finally, our data

may be subject to recruitment bias due to the nature

of our recruitment strategy. However, we have

excluded diabetics and runners with known cardiac

disease including angina so that our cohort is likely

representative of many runners aged [50.

Conclusion

In the present study, we provide reference values for

left ventricular volumes and myocardial mass, which

is important for clinical care of athletes and for

research purposes. Our findings may contribute to

distinguish physiological adaptation to exercise from

early subclinical cardiac alterations in response to

risk factor exposure including arterial hypertension

and age. The decrease in left ventricular end diastolic

volume with age may have a role in the competi-

tiveness marathon runners. In recreational runners

aged C50 years, a high myocardial mass may not
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always indicate athletes’ heart but rather a higher risk

than that anticipated from conventional risk factor

assessment.
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10. Möhlenkamp S, Lehmann N, Breuckmann F et al (2008)

Running: the risk of coronary events: prevalence and

prognostic relevance of coronary atherosclerosis in mara-

thon runners. Eur Heart J. doi:10.1093/eurheartj/ehn163

11. Wilson PW, D’Agostino RB, Levy D et al (1998) Predic-

tion of coronary heart disease using risk factor categories.

Circulation 97(18):1837–1847

12. Agatston AS, Janowitz WR, Hildner FJ et al (1990)

Quantification of coronary artery calcium using ultrafast

computed tomography. J Am Coll Cardiol 15(4):827–832

13. Maron BJ, Pelliccia A (2006) The heart of trained athletes:

cardiac remodeling and the risks of sports, including sudden

death. Circulation 114(15):1633–1644. doi:10.1161/

CIRCULATIONAHA.106.613562

14. Morganroth J, Maron BJ, Henry WL et al (1975) Com-

parative left ventricular dimensions in trained athletes. Ann

Intern Med 82(4):521–524

15. Legaz Arrese A, Serrano Ostariz E, Gonzalez Carretero M

et al (2005) Echocardiography to measure fitness of elite

runners. J Am Soc Echocardiogr 18(5):419–426. doi:

10.1016/j.echo.2005.02.002

16. Maceira AM, Prasad SK, Khan M et al (2006) Normalized

left ventricular systolic and diastolic function by steady

state free precession cardiovascular magnetic resonance. J

Cardiovasc Magn Reson 8(3):417–426. doi:10.1080/

10976640600572889

17. Hudsmith LE, Petersen SE, Francis JM et al (2005) Normal

human left and right ventricular and left atrial dimensions

using steady state free precession magnetic resonance

imaging. J Cardiovasc Magn Reson 7(5):775–782. doi:

10.1080/10976640500295516

18. Martin WH 3rd, Coyle EF, Bloomfield SA et al (1986)

Effects of physical deconditioning after intense endurance

training on left ventricular dimensions and stroke volume. J

Am Coll Cardiol 7(5):982–989

19. Germans T, Gotte MJ, Nijveldt R et al (2007) Effects of

aging on left atrioventricular coupling and left ventricular

filling assessed using cardiac magnetic resonance imaging

in healthy subjects. Am J Cardiol 100(1):122–127. doi:

10.1016/j.amjcard.2007.02.060

20. Lakatta EG, Levy D (2003) Arterial and cardiac

aging: major shareholders in cardiovascular disease

enterprises: part II: the aging heart in health: links to

heart disease. Circulation 107(2):346–354. doi:10.1161/

01.CIR.0000048893.62841.F7

21. Rosen MJ, Sorkin JD, Goldberg AP, Hagberg JM, Katzel

LI (1998) Predictors of age-associated decline in maximal

aerobic capacity: a comparison of four statistical models.

J Appl Physiol 84:2163–2170

22. Pimentel AE, Gentile CL, Tanaka H et al (2003) Greater

rate of decline in maximal aerobic capacity with age in

endurance-trained than in sedentary men. J Appl Physiol

94:2406–2413

23. Weiss EP, Spina RJ, Holloszy JO, Ehsani AA (2006)

Gender differences in the decline in aerobic capacity and

its physiological determinants during the later decades of

life. J Appl Physiol 101:938–944

24. Tanaka H, Seals DR (2008) Endurance exercise perfor-
mance in masters athletes: age-associated changes and

78 Int J Cardiovasc Imaging (2009) 25:71–79

123

http://www.runningusa.org/cgi/mar_repts.pl
http://www.runningusa.org/cgi/mar_repts.pl
http://dx.doi.org/10.1016/j.jacc.2005.02.007
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.181485
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.181485
http://dx.doi.org/10.1016/j.jacc.2006.07.003
http://dx.doi.org/10.1016/S0735-1097(02)02478-6
http://dx.doi.org/10.1053/euhj.2000.2011
http://dx.doi.org/10.1053/euhj.2000.2011
http://dx.doi.org/10.1007/s00059-006-2879-6
http://dx.doi.org/10.1007/s00059-006-2879-6
http://dx.doi.org/10.1093/eurheartj/ehn163
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.613562
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.613562
http://dx.doi.org/10.1016/j.echo.2005.02.002
http://dx.doi.org/10.1080/10976640600572889
http://dx.doi.org/10.1080/10976640600572889
http://dx.doi.org/10.1080/10976640500295516
http://dx.doi.org/10.1016/j.amjcard.2007.02.060
http://dx.doi.org/10.1161/01.CIR.0000048893.62841.F7
http://dx.doi.org/10.1161/01.CIR.0000048893.62841.F7


underlying physiological mechanisms. J Physiol 586(1):

55–63

25. Kronmal RA, McClelland RL, Detrano R et al (2007) Risk

factors for the progression of coronary artery calcification

in asymptomatic subjects: results from the multi-

ethnic study of atherosclerosis (MESA). Circulation

115(21):2722–2730. doi:10.1161/CIRCULATIONAHA.

106.674143

Int J Cardiovasc Imaging (2009) 25:71–79 79

123

http://dx.doi.org/10.1161/CIRCULATIONAHA.106.674143
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.674143

	Left ventricular volumes and mass in marathon runners �and their association with cardiovascular risk factors
	Abstract
	Introduction
	Material and methods
	Participants
	Cardiovascular risk factors
	Electron beam computed tomography (EBCT)
	Cardiac magnetic resonance imaging (MRI)
	MRI analysis
	Statistical analysis

	Results
	Cardiovascular risk factors
	Left ventricular volumes and mass and their association with cardiovascular risk factors
	Physical activity and its association with left ventricular volumes and mass
	Coronary artery calcium and its association with left ventricular volumes and mass

	Discussion
	Left ventricular end-diastolic volumes in marathon runners
	Left ventricular muscle mass in marathon runners
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


