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Aerobic interval training compensates age related decline in
cardiac function

HARALD EDVARD MOLMEN!, ULRIK WISLOFF!2, INGER LISE AAMOT!3,
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' Department of Circulation and Medical Imaging, K. G. Jebsen Center of Exercise in Medicine, Norwegian University of Science
and Technology, Trondheim, Norway, *Centre for Sports and Physical Activity Research, Norwegian University of Science and
Technology, Trondheim, Norway, 3 Department of Clinical Service, St Olav University Hospital, Trondheim, Norway, and
4Department of Cardiology, St Olav University Hospital, Trondheim, Norway

Abstract

Objectives. To study the effect of aerobic interval training (AIT) on myocardial function in sedentary seniors compared to
master athletes (MA) and young controls. Design. Sixteen seniors (72 = 1 years, 10 men) performed AIT (4 X 4 minutes)
at ~90% of maximal heart rate three times per week for 12 weeks. Results were compared with 11 male MA (74 = 2 years)
and 10 young males (23 * 2 years). Results. Seniors had an impaired diastolic function compared to the young at rest. AIT
improved resting diastolic parameters, increased E/A ratio (44%, p <0.01), early diastolic tissue Doppler velocity (e") (11%,
p<0.05) and ¢’ during exercise (11%, p<<0.01), shortened isovolumic relaxation rate (IVRT) (13%, p<<0.01). Left ven-
tricle (LV) systolic function (S’) was unaffected at rest, whereas S’ during stress echo increased by 29% (p <0.01). Right
ventricle (RV) S’ and RV fractional area change (RFAC) increased (9%, p<0.01, 12%, p = 0.01, respectively), but not RV
e’. MA had the highest end-diastolic volume, stroke volume, diastolic reserve and RV S’. Conclusion. AIT partly reversed
the impaired age related diastolic function in healthy seniors at rest, improved LV diastolic and systolic function during

exercise as well as RV S’ at rest.
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Introduction

The aging process of the heart, characterized by both
systolic and diastolic impairment are related to
increased cardiomyocyte loss, increased interstitial
fibrosis, loss of arterial elasticity, reduced myocardial
metabolic capacity, and decreased maximal heart
rate (1). Normal aging affects both left ventricular
(LV) relaxation with a prolonged isovolumic relax-
ation time (IVRT) and deceleration time resulting in
reduced early mitral diastolic inflow (E) and increased
atrial contribution to late diastolic filling (A) (2,3).
Additionally, tissue Doppler imaging that can detect
preclinical myocardial dysfunction before conven-
tional measurements show that both systolic tissue
Doppler velocity (S') and early diastolic velocities
(e') are reduced with advancing age (4).The impaired
cardiac function is more apparent during physical

activity and reveals a reduced myocardial reserve
with advancing age (3).

Previous studies indicate that exercise training
can influence upon both systolic and diastolic
function of the heart, but the evidence whether
physical activity can influence age related changes
are conflicting (5-8). The reason for this may be
due to use of different training protocols as well as
echocardiographic techniques in the different
studies. Aerobic interval training (AIT) has been
shown to have a profound effect to improve cardiac
reserve in both healthy subjects (9) and cardiac
patients (10).This has not been studied in a healthy
aged population.

The hypothesis of the present study was that AI'T
could reduce the age-related decline in diastolic
and systolic cardiac function in both left and right
ventricle (RV).
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Materials and methods
Study design

The study consists of three parts. First, a cross
sectional study where old master athletes (MA) were
compared to a group of healthy, sedentary seniors,
and to a group of young, sedentary students. Among
the MA, we were only able to recruit men, and there-
fore, the comparison between the three groups was
done with males only to avoid gender effects. Sec-
ondly, a prospective training intervention was per-
formed in the sedentary seniors, including both men
and women, to assess the training effects of short
term training in sedentary seniors. Thirdly, a com-
parison was done between the sedentary males before
and after the training intervention to the old MA to
assess the training effects of short term versus life-
long training among healthy seniors.

Subjects

We enrolled 19 persons (73 = 3 years, 8 women) after
an advertisement in a local newspaper (Figure 1).
Inclusion criteria were age >70 years, healthy and
not exercising more than twice per week the last year.
Persons with chronic illness or chronic use of any
medication, regular smoking, or any metabolic or
cardiovascular diseases were excluded. All subjects
performed a 12-lead ECG at rest and during an indi-
vidualized graded treadmill test to test maximal oxy-
gen uptake (VO, ). From the university, we
recruited 10 (23 =2 years) healthy, nonsmoking
male students. None of the students had taken part
in regular endurance training the previous 2 years.
Based on the top 10 results from a national cross-
country long distance (54 km) cross-country ski con-
test (www.birkebeiner.no), 11 male MA (74%+2
years) were recruited (from two different subsections,
70-75 years old and from 75 years and older). All of
them had exercised regularly (greater than five times
per week) the last 25 years and the majority of the
participants were still competing at the top national
or international level for their age group. They were
all still active with an exercise frequency of at least
five times per week. The study protocol was approved
by the regional committee for medical ethical
research, followed the ethic directives according to
the Declaration of Helsinki and all subjects gave writ-
ten informed consent.

Exercise training

The sedentary seniors exercised three times a week
at our laboratory, supervised by a personal trainer, for
12 weeks. All training was performed on treadmill as

AIT and consisted of 10 minutes warm up at ~60%
of maximal heart rate (HR _ ), 4 X4 minutes inter-
vals at 90-95% of HR __(corresponding to 85-90%
of VO, ) walking/running uphill on a treadmill,
with 3 minutes active pause between the exercise
bouts at 60-70% HR__ . The session was terminated
with 3 minutes cool down. Total exercise time was 38
minutes. Criterion for completing the study was a
90% compliance with the training program. Training
intensity was controlled by heart rate monitors
(Polar Electro, Kempele, Finland). All patients were
encouraged to maintain their usual diet.

Exercise testing, VO

VO, .. was tested using a standardized graded ramp
protocol on a treadmill (Woodway, Sport 5000 PS)
(11). After a 10-minutes warm-up, a facemask was
placed on the subjects face for metabolic measure-
ments using a Metamax 2 (Cortex, Leipzig,
Germany). Incline was constant at 10% and band
speed increased every minute until VO, leveled off
(<2 ml/kg/min increase) despite increased work load
was reached and a respiratory exchange ratio>1.10.

The sedentary seniors were tested twice, at base-
line and follow up. The MA and the young male
controls were only tested once.

2max

Echocardiography

The subjects were examined by an experienced car-
diologist using Vivid 7 scanner (GE Vingmed Ultra-
sound, Horten, Norway) with a phased array M3S
matrix probe. Measurements obtained in this study
are in accordance to standard procedures recom-
mended by the American Society of Echocardiogra-
phy (12). Data was analyzed blinded both to subject
and time point. B-mode images were recorded with
a frame rate of 53 frames per second. LV volumes
and ejection fraction (EF) were calculated from api-
cal four- and two-chamber recordings by modified
biplane Simpson’s method. LV inflow velocity was
measured by pulsed Doppler with the sample volume
at the tips level of mitral valves. Measurements
included early diastolic filling (E), late diastolic filling
(A), and isovolumic relaxation time (IVRT). Stroke
volume (SV) was calculated from Doppler flow
velocity integral in the LV outflow tract (LVOT) and
LVOT diameter. Pulsed tissue Doppler recordings
from the mitral annulus were obtained from the sep-
tal and lateral points in four-chamber and in the
anterior and inferior points in two-chamber views, as
well as from the lateral corner of the tricuspid annu-
lus. Peak annulus velocity in systole (S’), early dias-
tole (e'), and late diastole (a’) were measured as



average of the four points for the LV. Right ven-
tricular fractional area change (RFAC) was measured
in four-chamber view, and calculated as the differ-
ence between the RV area in diastole and systole as
percentage of end-diastolic RV area. Left atrial (LLA)
volume was calculated by the squared area of LA,
four-chamber, in end systole, multiplied with 0.85.

Blood pressures were measured before and after
the intervention. Measurements were done at rest in
office according to standard procedures (13).

Stress echocardiography

Echocardiography was performed sitting forward on
a stationary bike at rest and after 2 minutes of a
workload of 70% of HR__ . The sedentary seniors
were tested before and after intervention at 70% of
HR_ .. Pulsed Doppler flow velocity recordings from
four-chamber view and color tissue Doppler record-
ings were obtained from four-chamber and two-
chamber view. The other two groups were tested only
at baseline. Measurements at rest included E, A,
stroke volume, and cardiac output and during stress
e (&' pmaw) a0Dd S’ (8" na) - Mean values from all
four points were used in the analysis. All patients had
a fusion of early and late diastole tissue velocities at
submaximal heart rate. Blood pressure was measured
at rest, lying on bench and sitting upfront on bike at
rest, and at submaximal exercise on bike.

Statistical analysis

Data are presented as* SD. One-way analysis of
variance, Bonferroni corrected, was used to detect

Healthy
seniors

Young group
N=10
2342 years

7313 years, 8 women
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differences between the male groups. The second
main analysis included both genders using students
paired t-test, to discover within group differences of
the intervention effect. Correlations between changes
in parameters after training were calculated by
Pearson’s correlation coefficient.

Results
Subjects

A total of 16 subjects among the seniors (72 * 2 years,
6 women) completed the training (Figure 1). One
subject dropped out due to muscle injury and two
for reasons unrelated to the study. A reduction in weight
and body mass index was observed among the seniors
by 1.2+1.8 kg, (p=0.02) and 0.41*+0.65 kg/m?
(p =0.03), respectively (Table II).

VO, .. resting heart rate and blood pressures

At baseline, VO, among the senior males was 60%
(p<0.01) and 44% (p=10.02) lower compared to
the young males and MA, respectively (Table I). AIT
increased VO, . by 15% (p<0.01) among the
seniors (Table II).

Resting heart rate was 18% higher among seniors
vs. young at baseline (p = 0.05). MA had significantly
lower resting heart rate (66 versus 53 beats/minute,
p<0.01) compared to baseline values among senior
males (Table I). There was no difference in resting
heart rate between young males and MA (p = 0.99).
AIT reduced resting heart rate by 10 beats per min-
ute (p<0.01) among the seniors (Table II).

Master athletes
N=11

T4+2 years

+3 drop outs
-1 muscle injury

-2 unrelated to study

Healthy seniors
Aerobic interval
fraining 12 weeks

72 +2 years, 6 women

Figure 1. Flow chart of the study.
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At baseline the seniors had a higher systolic and
diastolic blood pressure compared to the two other

IIT and IV). Left atrial volume and cardiac output
was unchanged after the intervention period.

groups (p<0.01 and p =0.04) (Table I). Among the
seniors, AIT reduced systolic and diastolic blood
pressure with 12% and 9%, respectively (p<0.01)
(Table II).

Diastolic and systolic function

At baseline, MA and senior males had a similar E,
which was markedly lower than observed among the
young males (0.82 m/s vs. 0.58 m/s, p<<0.01) (Table I).
E/A ratio was similar in MA and senior males, and
MA had 61% lower compared to the young males
(2.4 vs. 1.33, p<0.01) (Table I). IVRT was similar
at baseline among MA and senior males (110.0 ms
versus 98.0 ms, p=0.21) and was significantly lon-
ger compared to the young males (73.0 ms, seniors
p<0.01, MA p=0.02) (Table I). Among the senior
males, ¢’ was 66% lower compared to the young
males (p<<0.01) and a trend 23% lower compared
to the MA (p =0.08)(Table I). S’, among the senior
males was 12% lower than the MA (p=0.40) and
by 26% compared to the young males (p=0.01)
(Table I). EDV was correlated to IVRT and e’ (0.69,
p<0.01 and-0.67, p<0.01, respectively).

Cardiac volumes

Compared to the senior males at baseline, young
males and MA had higher end diastolic volume
(EDV) (33% and 39% respectively; group differ-
ences NS) and SV (8% and 29% respectively; group
difference, NS) (Table I). Senior males had 32%
(p<0.01) smaller left atrial size compared to MA
(Table I). Cardiac output was similar between groups
at all time points.

AIT increased EDV by 17% among the seniors
(p<0.01 (Table III) (both genders), and 22% among
the senior males (Table IV). Stroke volume increased
by 10% (p<<0.05) after the training period among
the seniors (both genders and senior males) (Tables

Table I. Baseline measurements, cross sectional analysis, males only.

Seniors Young Master athletes  p value seniors  p value seniors vs. p value young vs.
N=10 N=10 N=11 vs. young master athletes master athletes
VO, ... m/min/kg 35.0+5.0 56.0*+5.5 49.5+45 <0.01 0.02 <0.01
HR, b/min 66*+9 56+9 53+8 0.05 <0.01 0.99
HR_, ., b/min 170 =8 197 x5 168 +8 <0.01 0.95 <0.01
BPsys, mmHg 14517 123+8 122£16 <0.01 <0.01 0.99
BP,,, mmHg 81+9 72+4 71+9 0.04 0.04 0.99
Weight, kg 76.5+9.4 76.0+16.0 74.5+8.3 0.99 0.90 0.95
Age, years 71.7*=1.3 24.8%2.3 74.3*1.8 <0.01 0.94 <0.01
BMI, kg/m? 25.0+2.5 22.7*x3.1 23.0*+1.9 0.45 0.55 0.93
EDV, ml 102*13 136 =19 142 +21 0.04 0.02 0.99
SV, ml 79*+13 85+22 102 £25 0.99 0.05 0.23
CO, 1 5.1+0.8 49+1.3 5.8*+1.5 0.99 0.75 0.67
EF, % 58.7+17.2 62.2+6.7 63.7+4.8 0.65 0.24 0.99
IVRT, ms 110*£18 73+12 98+13 <0.01 0.21 0.02
DecT, ms 256 =40 190 =47 211+49 <0.01 0.09 0.85
E/A 0.92£0.27 2.14£0.63 1.33+0.70 <0.01 0.34 <0.01
E, cm/s 0.58+0.15 0.82%0.17 0.58*0.14 <0.01 0.99 <0.01
A, cm/s 0.71+0.19 0.41*0.15 0.49+0.14 <0.01 0.01 0.86
e’, cm/s 6.9x1.5 15.7*+2.2 9.0x2.1 <0.01 0.08 <0.01
S’, cm/s 7.3+0.8 9.2+1.4 8.2+1.60 0.01 0.40 0.30
a’, cm/s 11.5+2.1 6.8+1.7 10.3+2.8 <0.01 0.80 0.03
LA, ml 62.0£16.7 51.9%19.1 91.5%x14.5 0.26 <0.01 <0.01
RFAC, % 46.0*+9.1 53.2*7.2 39.7x7.1 0.25 0.28 <0.01
SV ubmase M1 88+ 16 100 =21 132 +26 0.45 <0.01 0.01
CO,ymae 10.7+2.2 15.1+£3.3 14.5+1.9 <0.01 <0.01 0.99
€’ bmax> C/S 12.4+2.1 13.5+1.9 14.4+14 0.60 0.07 0.88
S’ iomareCVS 8.4+1.8 14.1+1.1 11.9+1.2 <0.01 <0.01 <0.01

Primary outcomes: e’ = early diastolic tissue velocity, S’ = systolic tissue Doppler velocity during rest and submaximal stress test. Secondary
outcomes included VO, =maximal oxygen uptake, HR =resting heart rate, HR , =maximal HR, BPSys =gystolic blood pressure,
BP,, = diastolic blood pressure, other echocardiographic measurements, EDV =end diastolic volume, SV =stroke volume, CO = cardiac
output, EF = ejection Fraction, IVRT = isovolumic relaxation rate, DecT = deceleration time, E/A =ratio of (E) early diastolic inflow, A = late

diastolic inflow/ atrial contraction, a’ = late diastolic tissue velocity, LA = left atrial volume, RFAC = right ventricular fraction area change.



Table II. Effect of intervention, both genders.
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Seniors, N=16 (6 women)

Pre Post p value within group
VO,,.,, ml/min/kg 32.5+5.5 37.0%6.1 <0.01
Weight, kg 72.7+9.9 71.5+9.7% 0.02
BMI, kg/m? 24.6 +0.63 24.2 +0.60 0.03
Performance on bike, watt 100 =30 120+23 <0.01
SBP, mmHg 143.0x15.5 126.5 + 8.5% <0.01
DBP, mmHg 80.0 = 8.7 73.0 £5.0% <0.01
HR, beats/minute 69 +8 59 + 7% <0.01
HR . beats/minute 173 +7 168 =12 0.08
VO, .« = maximal oxygen uptake, BMI=body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart

rate, HR = maximal heart rate.

AIT improved all resting diastolic parameters
among the seniors with an increased E (12.5%,
p<0.05) and decreased A (25.6%, p<<0.01), and
hence, an increased E/A ratio (44%, p<<0.01), a
shortened IVRT (13%, p<<0.01), an increased e’
(11%, p<<0.05), and decreased a’ (12%, p<<0.01)
(Table III). There was no effect of the intervention
on LV S’ at rest among the seniors.

RV S’ and e’ was higher among the MA com-
pared to the senior males (Figure 2), but no differ-
ence in a’ was observed (17.3 =3.5 cm/s vs. 15.7 £
5.8 cm/s respectively, p=0.48). RV S’, but note, '
increased after intervention (Figure 2). There was no
difference in RV S’ among the seniors and the young
at baseline (11.8*2.1 cm/s vs. 12.7*1.7 cm/s
respectively, p=0.88) RV S’ increased after the
intervention by 9.9% (p <0.05) (Figure 2). RVFAC
increased after intervention among the seniors by
12% (p<0.01) (Table III). RV e’ were significantly
higher and a’ significantly lower among the young at
baseline. There was no training effect on RV e’
among the seniors.

Submaximal stress echocardiography test

The MA had the largest stroke volume during sub-
maximal exercise at baseline compared to the senior
males (p<<0.01), and this was still present at
follow-up (p =0.02) (Table IV). Stroke volume dur-
ing submaximal exercise increased significantly
among the seniors (p <0.01)(Table III).

S’ omax Was 41% higher among the MA at base-
line compared to the senior males (p <0.01), whereas
AlT increased S’ by 29% to similar level as MA
(p=0.18) (Table IV).

There was no difference in e’ between the
senior males and the young males (p =0.20) (Table
I). MA had a trend towards 16% highere’_,  than
the senior males at baseline, (p =0.07) (Table I),
whereas no difference were seen between the MA

and the young males. AIT increased e’
(p <0.01) among the seniors (Table III).

by 11%

Discussion

The main findings in the present study were that (1);
healthy seniors had a lower longitudinal systolic
function compared to young, (2) only 12 weeks of
AIT improved diastolic function at rest and both sys-
tolic and diastolic exercise reserve among healthy
seniors (3) lifelong training increases LV volumes
and diastolic reserve capacity comparable to young
sedentary people.

VO, .. resting heart rate

This study demonstrated that healthy seniors adapted
to exercise and improved their aerobic capacity to the
same extend as seen in younger subjects, confirming
previous findings (8). The reduction in resting heart
rate may be considered equivalent to an increase in
heart rate reserve, which may be important as maxi-
mal heart rate declines with age.

Cardiac volumes

Sedentary seniors had smaller LV volumes than
young persons, and this might be considered a result
of atrophy. Nevertheless, AIT increased both EDV
and SV and may reflect eccentric remodeling, which
may indicate that smaller volumes among sedentary
seniors are largely a result of inactivity. It may be
reversed by AIT, although short term intervention
did not seem to be sufficient compared to the MA.
The atria were larger in MA, but the relation between
left atrial and ventricular size were the same in both
groups, and were also proportionally similar between
seniors and MA. This suggests atrial enlargement to
be rather a symmetric training adaption than a
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p=0.02 p<0.01

18 -
47
16
15
14
13
12
11
10

9 T T T T T

Pre Post
Healthy seniors

RV S,cm/s

DN\VAN

Master
athletes

p=0.90 p=0.05

16
154
14 4
134
12 4
114
104
9 -
8 -
T
6 -
5 T . T

Pre Post
Healthy seniors

RVEe', cm/s

7\

Master
athletes

Figure 2. Right ventricle (RV) function measured at rest before
and after intervention in senior males compared to master athletes
(MA) after intervention. RV =right ventricle, S’ = systolic tissue
Doppler velocity, e’ = early tissue Doppler velocity.

specific atrial “overload” effect. However, in this
study we observed no effect on atrial size after train-
ing in the seniors.

Diastolic function

Lifelong physical exercise could not compensate the
E/A ratio as the young subjects had a higher value
compared to the MA. However, there was probably
a positive effect of training, indicated by the differ-
ence between the MA and the sedentary seniors. This
was further supported by the comparison of decel-
eration time and IVRT as well.

Although debated, e’ has been found to be a less
load dependent measurement of early diastolic func-
tion compared to traditional echocardiographic mea-
surements (14). In our study, ¢’ increased among the
senior males after the training intervention to the

same level as observed in MA. The young group had
a superior relaxation with a higher e’ at rest at any
time of measurement compared to the two other
groups. This indicates that LV relaxation declines
with age despite lifelong training, although some of
the reduction seen in older cohorts is due to inactiv-
ity and can be reversed by short-term high intensity
exercise. The effect may in part be explained by
changes in preload, afterload and heart rate (14-16).
Although, we did not measure plasma volume, other
studies have demonstrated increased plasma volume
in healthy subjects after a training period (15), which
may have increased preload and affected the echocar-
diographic measurements in our study. Systolic BP
decreased during the training period and thus
reduced the afterload among the seniors. A reduced
afterload elicits a lesser resistance for the LV to con-
tract, causing faster recoil and a greater diastolic suc-
tion. EDV was correlated to both e’ and IVRT
demonstrating concomitant training adaptions
involving mechanisms related to preload, afterload
and contractility. However, the changes may be par-
allel, and not causally related. Heart rate has a

Table III. Echocardiographic measurements, effect of intervention
(both genders).

Seniors N =16 (6 women)

Pre Post p value
HR_, beats/min 69+8 59+7 <0.01
HR_, .. » beats/min 133 +12 132+ 10 0.89
EDV, ml 92+17 107 =28 <0.01
SV, ml 74+ 14 81 %19 0.03
SV, iomax> M1 84+ 15 100 £22 <0.01
CO, ml 5.1£0.8 4.7*+1.2 NS
CO > 11.0+£2.4 13327 <0.01
EF, % 60.7+7.0 68.7+ 6.4 <0.01
E, cm/s 0.60*=0.14 0.70=0.14 0.04
A, cm/s 0.72+0.17 0.60*+0.16 <0.01
E/A 0.83+0.28 1.16 =0.67 <0.01
IVRT, ms 100 £21 87*+21 <0.01
DecT, 242 + 42 223 +56 0.16
e’, cm/s 7.3+1.8 8.1+1.9 0.03
a’, cm/s 11.3*x1.6 99*1.5 <0.01
S’, cm/s 7.4+0.9 7.4+1.4 0.99
RVFAC, % 46.4*17.3 52.0£7.3 <0.01
€ omay> COVS 12.9+1.9 14.3+2.2 <0.01
S’ bmax> €S 8.0x1.5 10.1x2.1 <0.01
(HR) = heart rate, (HR_; )= submaximal heart rate, (EDV =)

end diastolic volume, (SV =) stroke volume, (EF)= ejection
fraction, (E)=early diastolic inflow, (A)=late diastolic inflow/
atrial contraction, (E/A)=E/A ratio, (IVRT)=isovolumic
relaxation time, (e')=early diastolic tissue velocity, (a’)=late
diastolic tissue velocity, (S')=systolic tissue Doppler velocity,
(RVFAC =)rightventricular fractional areachange, (e’ , )= early
diastolic tissue velocity during stress test, (S’ = systolic
diastolic tissue velocity during stress test.

submax)
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Table IV. Effect of intervention, comparison seniors- versus master athletes (only males).

Seniors Comparison seniors-versus
(N=10) master athletes
p value Master athletes
Pre Post within group (N =11) Baseline p value prevalues p value postvalues
VO, ..» ml/min/kg 35.0+5.0 30.0+7.2 <0.01 49.5*t4.5 <0.01 0.01
EDV, ml 102£13 12415 <0.01 142 £21 <0.01 0.05
SV, ml 79+13 87*11 <0.01 102 +26 0.03 0.20
E/A 0.92+0.27 1.35*0.36 0.06 1.33£0.70 0.10 0.92
e’, cm/s 6.9+1.5 75*1.3 0.10 9.0+2.1 0.03 0.20
S’, cm/s 7.3+0.8 7.6*+1.1 0.45 8.2+1.60 0.10 0.30
LA, ml 62.0£16.7 63.8£9.2 0.72 91.5%£14.5 <0.01 <0.01
HR, 126 =7 128 =7 0.94 118+ 10 0.06 0.04
SV ybmax> M1 88*16 106 =20 <0.01 132 +26 <0.01 0.02
CO, o | 10.7+2.2 13.4+2.7 <0.01 145+1.9 <0.01 0.40
€' ubmax CTV/S 12.1x2.1 13.0x2.2 0.12 14.4+1.4 0.03 0.05
S’ ubmax CTV/S 8.4*15 10.8 1.6 <0.01 11.9x1.2 <0.01 0.20
VO,,,... = maximal oxygen uptake, EDV =end diastolic volume, SV = stroke volume, E/A=E/A ratio (Early diastolic mitral inflow/late

diastolic mitral inflow), e’ = early diastolic tissue velocity, S’ = systolic tissue Doppler velocity, LA = left atrial volume, e
= gystolic tissue velocity during stress test.

. . . . : !
diastolic tissue velocity during stress test, S'_, =

significant influence on the traditional diastolic flow
markers and may be partly responsible for the
increased E/A ratio of the mitral flow (16). Although
e’ has shown to be less dependent by HR (17), a
recent study suggest that e’ is also affected by
HR (18).

The myocardial static compliance is determined
by the relation of the relatively compliant cardiac
muscle and the less compliant extracellular matrix
and connective tissue. Levine and colleagues found
increased e’ and increased compliance among fit
elderly subjects compared to their sedentary coun-
terparts (19). In addition, they demonstrated a mod-
est increase in LV relaxation after one year of training,
although no increase in ¢’ and LV compliance (20).
Our findings correspond to their findings, but we
also demonstrate that short term intensive exercise
improves diastolic function almost to the same level
as lifelong endurance training. Our study differed
somewhat to their study. Our subjects had a much
higher VO, at baseline, and after the training
period they achieved values of VO, . corresponding
to the same level as their old MA. In addition, our
subjects exercised at higher intensities for longer
periods. Further studies are required to elucidate the
mechanisms of the improved diastolic function.

Systolic function

Stroke volume at rest was higher among the young
subjects and the MA, in relation to the higher end
diastolic volume and lower heart rate. The RV has
been less studied among athletes, and considered
having a relatively passive role. RV function has been

’ p—
submax early

a larger challenge for echocardiographic evaluation
compared to LV function, due to the anatomic loca-
tion. However, tissue Doppler has become a reliable
and easy tool to evaluate RV function (21), which is
an important predictor of exercise capacity and mor-
tality in patients with heart failure (22). We found
that the MA had a better RV systolic and diastolic
function compared to the senior males. Enhanced
RV function has not, to our knowledge, been shown
before in elderly MA. On the contrary, Teske et al.
found no difference in RV diastolic function in aged
athletes’ and nonathletic’s hearts (23). However,
their study was limited by not measuring VO, to
verify the actual fitness level. Biventricular adapta-
tions to training in our senior population differed
with a mainly systolic improvement of RV and both
systolic and diastolic improvements of LV. The exer-
cise effect on the RV in our seniors has to be analyzed
with caution due to its load dependency.

Submaximal exercise

The adaptations to exercise in terms of systolic and
diastolic reserve are shown in submaximal exercise
measurements. Stroke volume is the most trainable
cardiac parameter to increase VO, . (24) as maxi-
mal heart rate is less affected by fitness level (25).
The stroke volume is a compound of both LV vol-
umes, systolic and diastolic functional reserve. Results
should also be interpreted with caution, as HR dur-
ing exercise was lower in the MA group, than in the
two other groups.

At baseline, e’ ,
seniors increased e’

was highest in the MA. The
,indicating that the diastolic

submax’
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exercise reserve is trainable in older years. The
diastolic function during stress was improved. How-
ever, it is not possible to elucidate the exact mecha-
nism as ¢’ and A’ had a fusion. The improvement in
the diastolic reserve may thus not be only a result of
increased early relaxation, but can partly be influ-
enced by increased plasma volume, reduced after-
load and a higher LV compliance due to a less stiff
ventricle (7,15,19).

Systolic exercise capacity indicated by S’ increased
among the senior males and no difference was
observed after intervention compared to MA. These
findings indicate that systolic reserve decreases with
age, but that it’s highly susceptible to respond to
endurance exercise. This correspond to other studies
confirming that older people profit by exercise train-
ing by improving the systolic cardiac reserve (26),
which might be the most important cardiac improve-
ment of endurance training for elderly.

Limitations and strengths

The main limitation in this study is the small num-
bers of participants and therefore some of the p val-
ues border significant. The cross sectional study is
limited as no conclusions on causality can be drawn.
However, this is supplemented by the exercise effects
in the interventional part. The MA and students con-
sisted of males only, and thus the comparison with
follow-up results was limited. We did no invasive
measurements to study different loading conditions,
which may have been changed during the training
period. Strength of the study is the well-controlled
and highly defined exercise intensity intervention
regime. The MA had a higher VO compared to
many other studies.

2max

Conclusions

This study demonstrates that short term AIT
significantly improve LV diastolic function at rest
in sedentary seniors. In addition, short term inten-
sive training improved LV diastolic and systolic func-
tion during exercise and systolic function of the RV
at rest.
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