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Abstract

Background: The heart transforms structurally and functionally with age but the nature and magnitude of reported changes appear

inconsistent. This study was designed to assess left ventricular (LV) morphology, global and longitudinal function in healthy older men and

women using cardiac magnetic resonance (CMR).

Methods: Ninety-five healthy subjects (age 62T16 years, range 22–91 years) underwent breath-hold cine CMR. LV end-diastolic volume

(EDV), end-systolic volume (ESV), myocardial mass, ejection fraction (EF), mass-to-volume ratio, mean midventricular wall motion,

thickness and thickening were calculated from short-axis data sets. Average mitral annular displacement was measured to assess longitudinal

LV function.

Results: Subjects were divided according to age (<65 and �65 years) and sex. EDV and ESV indices (corrected for body surface area)

decreased whilst EF increased with age. There was no difference in LV myocardial mass index between the age groups, but midventricular

wall thickness was significantly higher in older people. Mass-to-volume ratio also increased with age. In contrast to EF, mitral annular

displacement declined with age. Midventricular LV wall thickness, myocardial mass index and mass-to-volume ratio were higher in men than

in women but there were no differences in measures of global and longitudinal LV systolic function.

Conclusions: Due to smaller LV volumes but higher wall thickness, myocardial mass remains unchanged with age. We have found an age-

related increase in EF and reduction in longitudinal LV function in apparently normal subjects. This must be borne in mind when assessing

older patients with possible heart failure and normal LV systolic function. Men have higher myocardial mass than women.

D 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

It is generally accepted that changes in the structure and

function of the heart occur with normal healthy ageing [1].
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However, the nature and magnitude of reported changes has

not been consistent [2–9] and may differ between men and

women [10]. For example, left ventricular (LV) myocardial

mass, an important index of ventricular remodeling, has

been reported to increase with age [2,5], remain constant

[7], increase with age only in women [8] or decrease with

age only in men [9].

Discrepancies between studies are probably due to a

number of problems. Many older people may have occult

disease. Cardiovascular physiology changes with age.
ology 108 (2006) 76 – 83
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Arterial pressure rises with age in western societies and

will be different in healthy young versus healthy older

subjects [1]. Plasma concentrations of norepinephrine are

also markedly increased in healthy older people, perhaps

reflecting increased sympathetic activity [11]. Volunteers

may be different from the normal population, either

because they are concerned about worrying but undiag-

nosed symptoms which will reflect disease in some

patients, or because they are more health-concerned and

perhaps extraordinarily fit. Studies using people who

spontaneously volunteer, as opposed to those that select

a population sample, should be interpreted with caution.

The choice of the method for investigating cardiac

morphology and function is also important. Most studies

on the effects of ageing used M-mode and 2-dimensional

echocardiography or, less often, nuclear techniques. Whilst

echocardiography is an extremely useful clinical tool, its

accuracy and reproducibility for assessing LV structure and

function are limited [12,13] and the results are often

discrepant from those obtained by nuclear or magnetic

resonance techniques [14,15].

Cardiac magnetic resonance (CMR) is a relatively new

technique that has shown high accuracy [16] and reprodu-

cibility [17–19] in the evaluation of LV morphology and

function, making it an ideal tool for assessing differences in

LV volumes, function and mass [20]. It has important

advantages over other non-invasive imaging techniques

being free from radiation, noninvasive and providing high

spatial resolution of images not dependent of patient

characteristics or operator skills. CMR can also be used

for the assessment of longitudinal myocardial function by

measuring mitral annular displacement, a potentially sensi-

tive measure of left ventricular systolic function that appears

to decline with age [6,21–23].

While CMR would appear to be an ideal tool for the

assessment of LV volumes, function and myocardial mass

[20], few data have been reported in healthy subjects aged

�65 years [24], although the technique is increasingly used

to assess cardiac disease in this age group. Therefore, we

compared LV structure, global and longitudinal function in

younger and older people of both sexes.
2. Methods

2.1. Study subjects

All people in the UK are obliged to register with a

primary care physician. Subjects without known chronic

disease or any cardiovascular event and taking no regular

medication were identified from practice lists of primary

care physicians and invited to attend for a cardiovascular

health check that included a history, body mass index

measurement, 12-lead ECG, blood tests, a treadmill exercise

test and echocardiogram. At the screening visit, if blood

pressure was >160/95, body mass index>30 kg/m2, fasting
blood glucose was >105 mg/dl or if the exercise test was

positive or if the echocardiogram or CMR examination

showed systolic dysfunction (defined as an LV ejection

fraction <55%), regional wall motion abnormalities or

significant valve disease, the person was excluded.

Initially 137 subjects were screened. Forty-two patients

were excluded due to hypertension (n =17), evidence of

LV systolic dysfunction, coronary artery disease or valve

disease (n =15), obesity (n =5) or inability to undergo a

CMR examination (n =5) because of contraindications

(metallic implants or claustrophobia). The remaining 95

healthy subjects (age 62T16 years, range 22–91 years, 56

women) comprised the study group. Informed written

consent was obtained in all study subjects and the study

was approved by the local research ethics committee.

2.2. Cardiac magnetic resonance

Patients underwent CMR on a 1.5 Tesla scanner (Signa

CV/i, GE Medical Systems) using ECG-triggered breath-

hold gradient-echo in steady-state acquisition (FIESTA)

imaging. After initial localizing scans, cine LV horizontal

long-axis, vertical long-axis and contiguous short-axis

images covering the left ventricle from apex to base (slice

thickness 10mm) were obtained. The multi-slice short-axis

cine data sets were analyzed to calculate LV end-diastolic

volume (EDV), end-systolic volume (ESV), ejection frac-

tion and end-diastolic myocardial mass and with the use of

MRI-MASS software system (MEDIS, Leiden, NL). The

indices of EDV, ESVand myocardial mass were obtained by

correcting for body surface area (BSA).

LV wall thickness, thickening and wall motion were

measured using sector analysis in midventricular short-axis

views using MRI-MASS software. The position of the

reference point (chord 1) was defined manually at the end-

diastolic and end-systolic phases of each slice with the use

of the internal posterior junction of the right ventricular

free wall with interventricular septum as the landmark.

End-diastolic and end-systolic contours of the LV cavity

were semi-automatically traced (excluding papillary

muscles). End-diastolic wall thickness (EDWT) and end-

systolic wall thickness (ESWT), wall motion and wall

thickening were then defined for 100 centerline chords and

mean values were calculated. Wall motion was defined as

the displacement of points on the endocardial contour from

the end-diastolic phase to the end-systolic phase. Wall

thickening was calculated as percent increase of wall

thickness: [(ESWT�EDWT) /EDWT]�100%.

To assess LV longitudinal function, mitral annular

displacement was measured as the difference (between

end-systole and end-diastole) of the distance from the apex

(endocardial surface) to the lateral and septal sites of the

mitral annulus in the horizontal long-axis view, and from the

apex to the anterior and inferior sites in the vertical long-

axis view. The mean value of mitral annular displacement at

all four sites was then calculated.
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Table 2

Relationship between clinical and CMR-derived variables and age

Univariate analysis Multivariate analysis

p value r p value

Height (cm) <0.001 �0.355
Weight (kg) 0.128 �0.157
BSA (m2) 0.015 �0.248
BMI (kg/m2) 0.204 0.132

SAP (mm Hg) <0.001 0.621 <0.001

DAP (mm Hg) 0.041 0.211 0.038

HR (bpm) 0.971 �0.004
LV EDV (ml) <0.001 �0.492
LV EDV index (ml/m2) <0.001 �0.442
LV ESV (ml) <0.001 �0.537 0.002

LV ESV index (ml/m2) <0.001 �0.511
LV EF (%) <0.001 0.451
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2.3. Statistical analysis

Results are presented as meanTSD. The data between the
age groups and between the sexes were compared by using

two-tailed unpaired t tests. All variables were tested for

normal distribution using the one-sample Kolmogorov–

Smirnov test. Relationships between variables were

assessed by bivariate Pearson’s correlation analysis. Multi-

ple regression analysis was implemented by stepwise

forward selection of variables related to age on univariate

analysis. A p value less than 0.05 was considered to be

significant.

The SPSS software (version 12.0 for Windows) was used

for analysing data.
LV EDWT (mm) 0.010 0.263

LV ESWT (mm) <0.001 0.385

LV WTN (%) 0.006 0.279

LV WM (mm) 0.002 0.312

LV MM (g) 0.157 �0.146
LV MM index (g/m2) 0.561 �0.061
LV MVR (g/ml) <0.001 0.364

MAD (mm) <0.001 �0.355 0.021

r, coefficient of correlation by Pearson; BSA, body surface area; BMI, body

mass index; SAP, systolic arterial pressure; DAP, diastolic arterial pressure;

HR, heart rate; LV, left ventricular; EDV, end-diastolic volume; ESV, end-

systolic volume; EF, ejection fraction; EDWT, end-diastolic wall thickness;

ESWT, end-systolic wall thickness; WTN, wall thickening; WM, wall

motion; MM, myocardial mass; MVR, mass-to-volume ratio; MAD, mitral

annular displacement.
3. Results

The study subjects were divided according to age (<65

and �65 years) and sex. Table 1 illustrates characteristics of

2 age groups of normal individuals. There were no differ-

ences in height, weight, BSA, body-mass index and heart

rate between younger and older subjects. Arterial pressure

recorded at the baseline visit, particularly systolic pressure,

was significantly higher in older individuals.

LV volumes (EDV and ESV), as well as their indices

corrected for BSA, declined with age. LV ejection fraction,

an index of global systolic function, rose with age but

average mitral annular displacement, an index of longi-

tudinal systolic function, declined. Mean midventricular

wall thickening and wall motion were not different
Table 1

Comparisons between two age groups and correlations with age

<65 years (n =53)

Height (cm) 170T9 (168–173)

Weight (kg) 72T12 (69–76)

BSA (m2) 1.84T0.19 (1.78–1.89)

BMI (kg/m2) 24.9T2.8 (24.1–25.6)

SAP (mm Hg) 129T15 (125–133)

DAP (mm Hg) 80T9 (78–82)

HR (bpm) 67T11 (64–70)

LV EDV (ml) 126T27 (118–133)

LV EDV index (ml/m2) 68T13 (65–72)

LV ESV (ml) 39T12 (36–42)

LV ESV index (ml/m2) 21T6 (20–23)

LV EF (%) 69T5 (68–71)

LV EDWT (mm) 7.4T1.0 (7.1–7.6)

LV ESWT (mm) 13.0T2.3 (12.4–13.7)

LV WTN (%) 80T23 (73–86)

LV WM (mm) 8.7T1.6 (8.3–9.2)

LV MM (g) 110T24 (104–117)

LV MM index (g/m2) 60T8 (57–62)

LV MVR (g/ml) 0.89T0.18 (0.85–0.94)

MAD (mm) 16T3 (15–16)

Data presented as the mean valueTSD (95% Confidence Interval); p shows diffe

index; SAP, systolic arterial pressure; DAP, diastolic arterial pressure; HR, hear

volume; EF, ejection fraction; EDWT, end-diastolic wall thickness; ESWT, end

myocardial mass; MVR, mass-to-volume ratio; MAD, mitral annular displacemen
between the groups. There was no difference in LV

myocardial mass or mass-index between the groups, but

mean midventricular wall thickness was higher in older
�65 years (n =42) p

167T10 (164–170) 0.103

70T11 (67–74) 0.396

1.79T0.19 (1.73–1.85) 0.226

25.2T2.7 (24.3–26.0) 0.606

145T12 (142–149) <0.001

84T9 (81–87) 0.030

67T12 (63–71) 0.940

106T27 (98–114) 0.001

59T13 (55–63) 0.001

30T12 (26–34) <0.001

17T6 (15–18) <0.001

73T6 (71–75) 0.003

7.9T1.5 (7.5–8.4) 0.043

14.7T2.7 (13.9–15.5) 0.002

89T22 (82–95) 0.057

9.4T1.7 (8.9–9.9) 0.070

108T27 (100–116) 0.636

60T10 (57–63) 0.962

1.05T0.31 (0.96–1.15) 0.004

14T2 (13–15) 0.005

rences between the age groups; BSA, body surface area; BMI, body mass

t rate; LV, left ventricular; EDV, end-diastolic volume; ESV, end-systolic

-systolic wall thickness; WTN, wall thickening; WM, wall motion; MM,

t.
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patients at end-diastole and end-systole. LV mass-to-

volume ratio increased with age.

Table 2 illustrates relationship between the study

variables (all of them showed normal distribution) and age

on univariate and multivariate analysis. On multivariate

analysis only LV ESV and MAD of CMR-derived variables

and systolic and diastolic arterial pressures of clinical

variables were related to age (R2=0.509). Fig. 1 illustrates

the relationship between age and some of the structural and

functional indices measured with CMR.

In both age groups, as demonstrated in Table 3, men were

taller, heavier and had larger BSA, but arterial pressures and

heart rate were similar. Men and women had similar end-

diastolic and end-systolic LV volume indices, ejection

fraction and mitral annular displacement, and no differences

in midventricular wall thickening or motion were observed.

The difference in LV myocardial mass between the sexes

remained highly significant even after indexing to body size.

Mean midventricular end-diastolic and end-systolic LV wall

thickness and mass-to-volume ratio were also higher in men

in both age groups. Sex-specific differences (regardless of

age) in end-diastolic LV myocardial mass index, mass-to-
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Fig. 1. Scatter plots showing the relationship between age and left ventricular (LV)

Central line, mean regression prediction line; peripheral lines, 95% confidence in
volume ratio, mean end-diastolic and end-systolic midven-

tricular wall thickness are demonstrated in Fig. 2.
4. Discussion

Cardiovascular disease is one of the major causes of

morbidity and mortality in older people. It is important to

establish normal values for tests in relevant populations in

order to apply them to patients with disease and to know

whether significant changes occur with age or differences

exist between men and women. Most studies of normal

subjects have used echocardiography which has many

limitations [12,13]. This study performed with the use of

CMR shows that there are important age- and sex-related

differences in normal cardiac morphology and function.

Changes in cardiovascular structure and function with

age are complex and may be influenced by diet, lifestyle,

sex [10], genetics and co-morbid conditions. Experimental

studies suggest that there are significant changes in cardiac

structure and function at the cellular and subcellular level

[2,25] but it is not clear whether, in industrialized societies,
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Table 3

Comparisons between the sexes in two age groups

<65 years �65 years

Males (n =23) Females (n =30) p Males (n =24) Females (n =18) p

Height (cm) 179T5 (177–181) 164T6 (162–166) <0.001 175T8 (172–178) 158T6 (155–161) <0.001

Weight (kg) 82T11 (77–86) 65T8 (62–68) <0.001 79T9 (75–82) 61T7 (57–64) <0.001

BSA (m2) 2.01T0.13 (1.95–2.06) 1.71T0.12 (1.67–1.75) <0.001 1.94T0.14 (1.89–2.00) 1.61T0.12 (1.56–1.67) <0.001

BMI (kg/m2) 25.5T3.1 (24.3–26.8) 24.4T2.5 (23.5–25.3) 0.166 25.6T2.9 (24.5–26.8) 24.4T2.2 (23.2–25.2) 0.077

SAP (mm Hg) 129T13 (124–134) 129T17 (123–135) 0.987 143T12 (138–148) 145T14 (138–151) 0.614

DAP (mm Hg) 80T9 (78–85) 80T9 (76–83) 0.765 84T8 (81–87) 81T11 (76–86) 0.341

HR (bpm) 67T11 (63–72) 67T11 (63–71) 0.959 65T14 (60–71) 68T11 (63–72) 0.443

LV EDV (ml) 138T26 (126–145) 116T23 (107–124) 0.002 118T34 (104–131) 101T28 (88–114) 0.089

LV EDV index (ml/m2) 69T13 (63–73) 68T13 (63–73) 0.721 60T16 (54–67) 62T14 (56–69) 0.700

LV ESV (ml) 44T12 (38–48) 36T10 (32–39) 0.014 34T13 (29–39) 27T12 (21–32) 0.064

LV ESV index (ml/m2) 22T6 (19–24) 21T6 (19–23) 0.551 18T7 (15–20) 16T7 (13–20) 0.571

LV EF (%) 69T6 (66–71) 70T5 (68–71) 0.545 72T5 (70–74) 75T6 (72–78) 0.128

LV EDWT (mm) 8.0T1.0 (7.6–8.4) 7.0T0.8 (6.7–7.3) <0.001 8.6T1.2 (8.1–9.0) 6.8T0.7 (6.5–7.1) <0.001

LV ESWT (mm) 14.4T2.3 (13.5–15.3) 12.2T1.9 (11.5–12.9) 0.001 15.9T2.6 (14.9–16.9) 12.7T1.8 (11.9–13.6) <0.001

LV WTN (%) 83T23 (73–92) 78T24 (70–87) 0.536 89T20 (81–97) 90T25 (79–101) 0.836

LV WM (mm) 9.0T1.6 (8.3–9.6) 8.6T1.7 (8.0–9.2) 0.459 9.5T1.9 (9.7–10.3) 9.5T1.5 (1.5) 0.926

LV MM (g) 131T19 (123–138) 95T13 (90–100) <0.001 126T20 (118–134) 85T14 (79–92) <0.001

LV MM index (g/m2) 65T7 (62–68) 55T6 (53–58) <0.001 65T8 (62–68) 53T7 (50–56) <0.001

LV MVR (g/ml) 0.96T0.17 (0.91–1.05) 0.84T0.16 (0.78–0.90) 0.012 1.15T0.34 (1.01–1.28) 0.87T0.13 (0.81–0.93) 0.001

MAD (mm) 16T3 (14–17) 15T2 (15–16) 0.408 15T3 (13–16) 15T2 (14–15) 0.906

Data presented as the mean valueTSD (95% confidence interval); p shows differences between the sexes; BSA, body surface area; BMI, body mass index;

SAP, systolic arterial pressure; DAP, diastolic arterial pressure; HR, heart rate; LV, left ventricular; EDV, end-diastolic volume; ESV, end-systolic volume; EF,

ejection fraction; EDWT, end-diastolic wall thickness; ESWT, end-systolic wall thickness; WTN, wall thickening; WM, wall motion; MM, myocardial mass;

MVR, mass-to-volume ratio; MAD, mitral annular displacement.

N.P. Nikitin et al. / International Journal of Cardiology 108 (2006) 76–8380
the effects of age and cardiovascular disease can be truly

separated.

We took considerable care to exclude patients with

evidence of cardiovascular disease or important risk factors

such as hypertension, obesity [26,27], diabetes mellitus [26]

and ischaemic heart disease which are common in older

subjects and can affect cardiac structure and function.

However, some measures of cardiovascular function, such

as blood pressure, are continuously distributed and dis-

tinction between normal and abnormal is arbitrary. Accord-

ingly, mean values within a normal range may differ in

healthy subjects according to age and sex. It could be argued

that we should have applied even more stringent blood

pressure criteria but it could also be argued that this would

have created an unrepresentative sample of healthy older

subjects.

4.1. Left ventricular morphology

In this study LV volumes declined in older patients even

after correction for body size. Others have also reported a

reduction in ventricular dimensions with age measured by

echocardiography [28,9]. It has also been found that LV

volumes in older patients with heart failure are smaller than

in their younger counterparts [11] although this may reflect

a particularly poor prognosis amongst older patients with

dilated ventricles resulting in a survival selection-bias.

LV wall thickness increased in both men and women,

but LV volumes declined and therefore ventricular mass

was unchanged. Others have also observed an increase in
echocardiographic LV wall thickness with age [29] and

some have suggested that this reflects an increase in

myocardial mass [2,5,8]. However, there was no association

between age and LV myocardial mass in the Framingham

study [7]. An increase in myocardial wall thickness with

ageing probably reflects a normal response to an increase in

arterial pressure and afterload, which leads to normalization

of ventricular wall stress. Increases in sympathetic activity

with age may also play an adjuvant role [11]. The

Framingham study showed that increased LV myocardial

mass is an important predictor of mortality and morbidity

[2]. Our results suggest that normal ageing is not associated

with increasing myocardial mass and that other factors (e.g.

hypertension, obesity, diabetes) can be responsible for LV

hypertrophy often found in older subjects.

To discuss the results of this study comparatively to other

studies, it is important to take into account the techniques

used. Most of previous studies were performed with the use

of echocardiography. Calculation of LV mass with M-mode

echocardiography is based on models taking into account

LV wall thickness and short-axis dimensions but not taking

into consideration LV shape. Two-dimensional echocardiog-

raphy, although takes into account LV shape in one or two

longitudinal view, is dependent on accurate delineation of

endocardial borders and operator skills (the risk of

foreshortening) which makes measurements less accurate.

Initial limited experience with 3-dimensional echocardiog-

raphy is promising [30] but the technique remains depend-

ent on acoustic penetration and operator skills. CMR which

is a true 3-dimensional technique has been shown to be
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Fig. 2. Box plots showing the median, quartiles, and extreme values for left ventricular (LV) structural and functional indices in men and women measured with

cardiac magnetic resonance.
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accurate [31,16] and reproducible [17–19] and considered

by some experts the current gold standard for the assess-

ment of LV myocardial mass [32].

So far, few studies into pathophysiology of ageing have

been done with the use of CMR. Recently, age-related

decrease in LV myocardial mass only in men was reported

with the use of spin-echo multi-slice CMR [9]. Our study, in

contrast, demonstrated no changes in LV myocardial mass

with age in both men in women. The differences between the

two studies could potentially be explained by different CMR

techniques (spin-echo versus gradient-echo cine imaging)

and scanners (0.38 Tesla versus 1.5 Tesla) used. We used

cine CMR which allowed us to accurately identify end-

diastolic and end-systolic phases of the cardiac cycle.

Measurements of myocardial mass were performed at end-

diastole. Our practice shows that there can be substantial

difference between end-diastolic and end-systolic LV myo-

cardial mass. Therefore, it is important to make measure-

ments consistently at the same cardiac phase. Some

differences in study populations (mean age in our study

population was higher) could also be partly responsible for

observed differences in results.
4.2. Effects of sex

There are differences in LV morphology and

function between men and women as they age. As

men usually have higher height and weight than

women, it is important to correct morphological

variables for the body size. Thus, although LV volumes

were higher in men than in women, when corrected for

the body surface area the difference was no longer

significant in this study. LV myocardial mass however

was higher in men in both age groups irrespective of

the body size.

In this CMR-based study, we did not find a decrease

in LV myocardial mass with age in men, which was

reported in a morphometric ex vivo study by Olivetti et

al. [10] who suggested that the underlying mechanism of

their observation could be progressing loss of myocardial

cells in men. The discrepancy may be because any loss

of cells (seen ex vivo) is compensated by myocyte

cellular hypertrophy and proliferation of fibrosis which

maintain LV wall thickness and myocardial mass

unchanged.
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4.3. Global and longitudinal left ventricular function

Histological evidence obtained from older humans as

well as from animals indicates that ageing is associated with

myocyte loss and increase in collagen content [2,3]. These

changes might be expected to be associated with deterio-

ration of LV systolic function.

However, our data as well as data from other in vivo

human studies [5,6,28,33–35] demonstrate that global LV

systolic function is well preserved in older subjects. In this

study we found an increase in LV ejection fraction in older

subjects and a significant positive correlation between age

and LV ejection fraction. These data obtained with CMR is

in general consistent with echocardiographic observations

which demonstrated no change [6] or increase [28,33,35] in

LV ejection fraction with age.

Our study has also demonstrated a decline of longitudinal

LV function in older individuals. MAD and LV ESVwere the

only CMR-derived variables related to age in a multivariate

model. Long-axis function of the heart has not previously

been analyzed with CMR. There have been reports based on

the assessment of mitral annular and regional myocardial

velocities using Doppler tissue imaging and M-mode

echocardiography which suggest impairment of longitudinal

component of LV systolic function with age [6,21,22,36]

consistent with our CMR-based findings. Sex does not seem

to play a role in these age-associated functional adjustments.

The mechanism of age-associated deterioration in long-

axis function of the heart remains unexplained. Subendo-

cardially located longitudinal myocardial fibers may be

more vulnerable to overload and damage as a result of

myocardial fibrosis, hypertrophy or ischaemia. In addition,

long-axis myocardial function is related to the density of

beta-adrenergic receptors [37]. Down-regulation of myo-

cardial beta-adrenergic receptor density in failing human

hearts is predominantly subendocardial [38]. A reduction in

cardiac beta1- and beta2-adrenergic responses with

decreases in both beta-adrenoreceptor subtype densities

which correlates with age-associated reduction in contractile

response has been reported in experimental studies [39].

Other potentially responsible factors can be age-related

rise in loading conditions with increased stiffness of the

peripheral vascular bed and neurohormonal activation.

Although preserved or even enhanced global LV systolic

function despite ageing suggests that impairment of

longitudinal function is compensated by other components

of LV contractile function (radial and/or circumferential),

it may play a role in diminished cardiovascular reserve

capacity observed in older people [40].
5. Limitations

Most of the subjects studied were Caucasians, and our

findings cannot be automatically extrapolated to other

ethnical groups.
LV diastolic function was not assessed in this study.

Studies with Doppler echocardiography and Doppler tissue

imaging have shown that LV diastolic function deteriorates

with age due to increased myocardial stiffness [5,6].

As we did not perform assessment of LV systolic function

under stress, we cannot comment on LV systolic functional

reserve. Therefore we cannot exclude that global LV function

preserved at rest can become inadequate under stress.

Although the participants of our study did not have any

symptoms or signs of ischaemic heart disease and demon-

strated normal global and regional LV systolic function at

rest in addition to negative results of exercise tests, the

occurrence of occult coronary artery disease could not been

excluded with the use of invasive procedures for ethical

reasons. Therefore, effects of potentially abnormal coronary

circulation on our findings could not be ruled out.

The role of other extrinsic factors, such as exercise, diet,

personal habits including smoking and consuming alcohol

was not controlled in this study.
6. Conclusions

This study performed with CMR indicates that morpho-

logical and functional LV adaptation to normal ageing is a

complex process. With ageing, the left ventricle undergoes

structural remodeling with a decrease in LV volumes, in-

crease in midventricular wall thickness and constant myocar-

dialmass. The difference in LVwall thickness andmyocardial

mass between men and women is preserved at all ages.

Functionally, although longitudinal myocardial function

deteriorates with age, the process of LVadaptation to ageing

probably involves compensatory augmentation of other

components of ventricular contraction with resulting pre-

served or even enhanced global systolic function at rest.

Despite structural distinctions, there are no significant

differences in global or longitudinal myocardial function

between men and women.
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