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cardiac function in previously sedentary or

relatively inactive adults
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Abstract

Objective—To investigate the effects of an
18 week walking programme upon cardiac
function.

Methods—29 sedentary or relatively inac-
tive but otherwise healthy subjects (15
walkers and 14 controls, aged 40-68 years)
completed the study. The walkers com-
pleted a progressive 18 week walking
programme which required an estimated
average energy expenditure of 900 kcal
week™ for the total duration of the study
and 1161 kcal week” during the final six
weeks. Walking was carried out at an
intensity of 67.8(SD 4.99)% of maximum
oxygen consumption and 73.8(6.99)% of
maximum heart rate. Before and after the
intervention all subjects underwent an M
mode echocardiogram, graded treadmill
walking test, and step test for the assess-
ment of aerobic fitness.

Results—After 18 weeks the results of the
control group showed no change in any of
the variables measured while the walkers
showed a statistically significant increase
in the velocity of relaxation of the longitu-
dinal myocardial fibres of the left ventricle
and a decrease in heart rate measured
during the step tests, indicating an im-
provement in aerobic capacity.
Conclusions—Walking promotes im-
provements in cardiovascular fitness.
Moderate forms of exercise may improve
cardiac function.

(Br ¥ Sports Med 1997;31:48-53)
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It is widely established that cardiac function
declines with age. The causes of the decline
may be both structural and physiological.
Reported changes in cardiac structure include
an increase in ventricle chamber stiffness,
caused by a reduction in the passive viscoelas-
tic properties of the myocardium.'’? Other
structural changes may be linked to the age
related increase in blood pressure, which
requires the left ventricle to contract more
forcefully, thereby resulting in a thickening of
the ventricle wall.**

Changes in cardiac structure and physiology
result in alterations in cardiac function. Those
commonly observed include an increased
refractory period, lengthened contraction time,
increased time to reach peak force, and incom-
plete relaxation during early diastolic filling.

This last change inhibits the passive filling of
the ventricle, causing the atria to make a
greater contribution to the filling stage of the
cardiac cycle.’® The magnitude of this change
may be quite substantial, as in older adults (>
65 years) the late diastolic filling phase may
account for 37% of total filling, as compared
with only 19% for adults in their third decade.’
Another factor stated to contribute to an age
related decline in cardiac function is an
increased left ventricular regional diastolic
asynchrony.®

Animal studies using rats indicate that these
changes could be associated with a reduction
in the rate of calcium reuptake into the
myocardial sarcoplasmic reticulum, resulting
in a prolonged active state.”'’ Research using
the isolated papillary muscles of aged rats
also provides evidence for the prolonged
time to peak tension of contraction which
adversely affects the systolic phase of the
cardiac cycle."

CARDIAC ADAPTATIONS RELATED TO VIGOROUS
EXERCISE

Research investigating the relation between
cardiac function and exercise has primarily
focused upon the effects of chronic vigorous
exercise such as competitive running or
cycling. Studies comparing athletic and seden-
tary populations have shown that, compared to
sedentary controls, endurance athletes tend to
possess greater left ventricular mass relative to
surface area (g m™)."”"* Additionally, both the
transverse right ventricular cavity dimension'
and the left atrial transverse dimension are
commonly larger in athletes.”” ' Comparisons
of left ventricular diastolic function between
athletic and sedentary individuals have pro-
duced mixed results, with some indicating
there is no difference'>"> while others suggest
that athletes have higher peak transmitral flow
velocity which enhances early diastolic ven-
tricular filling.'” The implications of such find-
ings are that they are affected by endurance
training and that these attributes predispose an
individual to endurance activities or are key
factors in determining endurance performance
potential. Comparisons between athletes and
sedentary individuals in the older age groups
(more than 40 years) have produced similar
results.'* '*?° Indeed the results of these studies
often indicate that the cardiac function of
veteran athletes is similar to that of younger
individuals. From such findings it is therefore
speculated that habitual endurance exercise in
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older adults could promote a cardiac function
which is similar to that usually observed in
younger individuals.

However, longitudinal studies investigating
the effects of vigorous exercise have produced
less consistent results with respect to changes
in the left ventricular mass and the thickness of
the ventricular wall.” A reason for this could be
the relatively short duration of some of the
studies,? since those which have involved
several years of chronic endurance exercise
generally report increases in the left ventricular
volume and mass, with small increases in the
wall thickness.'?'*'® ? The time taken for such
adaptations to become apparent indicates that,
although cardiac hypertrophy may occur as a
result of prolonged vigorous exercise, it may
not be as immediate or as important as some of
the other cardiological adaptations which have
been observed.” For example, one of the initial
adaptations to vigorous endurance exercise is
an increase in maximum cardiac output, with-
out an increase in the mass of the heart.” This
is thought to occur through a decrease in sym-
pathetic drive during end diastolic filling,
resulting in an increase in the ventricular
cavity, thus producing a higher stroke volume
through the Starling mechanism.” The conse-
quences of these changes are an increased left
ventricle end diastolic dimension, an increased
stroke volume, and an increase in the mean
fibre shortening velocity, along with a decrease
in the end systolic dimension.*

In summary, research in this field has estab-
lished that vigorous endurance exercise can
promote a number of beneficial adaptations in
both the structure of the heart and its
functioning. However, the vigorous and often
competitive nature of the exercise involved
means that the findings only refer to a relatively
small proportion of the population and the self
selection of subjects may not make the results
representative. In contrast, relatively little
research has been carried out into the possible
effects of less intense activities on cardiac func-
tion. An example of this would be brisk
walking, which has been investigated in the
context of other health related variables and is
an activity which is accessible to a large
percentage of the population, including older
adults.

BENEFITS OF WALKING UPON OTHER HEALTH
RELATED FACTORS

Brisk walking has already been shown to
promote a number of health benefits including
improvements in blood lipid profiles,” ™ in-
creases in maximum oxygen uptake,” *** and
reductions in submaximal heart rates while
exercising at a set workload.” % *»

The overall implications of such findings are
that brisk walking can reduce the risk of
coronary heart disease and related illness by
beneficially affecting various associated risk
factors. However, little is known about its
effects upon cardiac function, and in the
absence of available evidence it was the aim of
this study to investigate the effects of brisk
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walking upon cardiac function in previously
sedentary or relatively inactive adults of age 40
years and above.

Methods

SUBJECT DETAILS AND SELECTION

Volunteers were recruited through an editorial
in the local newspaper and a radio feature,
which asked for sedentary but otherwise
healthy individuals over the age of 40 years.
Following a medical screening and activity
questionnaire, volunteers were excluded from
the study if they had high resting blood
pressure (>160/>95 mm Hg, systolic/
diastolic), or a previous history of cardiovas-
cular disease, or a lifestyle which included
more than a low level of activity. This was fol-
lowed by a “permission to participate” form
which was completed by the volunteer’s
general practitioner. Once cleared to partici-
pate, thirty five subjects were selected for the
study (17 men and 18 women) aged between
40 and 68 years (mean 56.5, SD 6.85).
Subjects were allocated into two groups, walk-
ers (W) and controls (C), as randomly as pos-
sible, while matching the groups for age and
gender. Analysis of variance indicated no
significant difference between the groups (P >
0.1) for age, height, and weight. All subjects
were assessed for aerobic fitness, body compo-
sition, blood lipids, lipoproteins, apolipopro-
teins, and coagulation factors from venous
blood samples taken at the phlebotomy depart-
ment of the Kent and Canterbury Hospital
(data not included here).

ASSESSMENT OF CARDIAC FUNCTION

Before the start of the walking programme, all
subjects underwent a standard echocardio-
graphic examination (Hewlett-Packard Sonos
1000 echocardiograph, McMinnville, Oregon,
USA). In addition to the standard Doppler
echocardiogram, M mode echocardiograms of
atrioventricular plane motion (AVPM) were
obtained at the left free wall (L), septum (S),
and the posterior wall (P) from the apical posi-
tion (figure). Measurement of total displace-
ment (d) and rate of relaxation (r) were made.
These variables have been used previously to
assess subtle changes in cardiac function which
are not apparent in other indices such as the
mitral velocity profile.”® Atrioventricular plane
motion reflects the contraction and relaxation
of the myocardium in the longitudinal plane.
All the examinations were performed by a sin-
gle operator who was unaware of the group to
which the subject had been allocated. Subjects
were also requested not to discuss the study
with the operator in order to minimise the risk
of revealing their group. The data were rejected
where an accuracy of at least 0.1 cm and 1.0
cm s could not be obtained in d and r respec-
tively. This was assessed by repeating the
measurements over several cardiac cycles.
Upon completion of the walking programme
all subjects underwent a repeat examination by
the same operator, who remained blinded to
the status of the subject.
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Schematic representation of the motion of the heart. In
addition to the circumferential motion, there is a
longitudinal motion as shown. This motion was measured
at sites S and L. Site P is midway berween S and L and is
posterior to the plane of S and L. LA, left atrium; RA, right
atrium; RV right ventricle; LV, left ventricle.

GRADED TREADMILL WALKING TEST

A graded treadmill walking test (GTWT) was
used to establish the relation between the sub-
jects’ oxygen consumption and heart rate while
walking. The test was conducted on a motor-
ised treadmill (Woodway XELG70, Weil am
Rhein, Germany). Subjects walked at 4.2 km
h' throughout the test. For the first stage the
treadmill gradient was set at 0% if subjects
were aged over 50 years and 2.5% if aged
below 50 years. The test was continuous and
the gradient increased by 2.5% every four min-
utes. Subjects completed a total of four stages.
Heart rate was monitored using a Lifepulse 15
single Trace ECG monitor (HME Ltd, Lon-
don Colney, United Kingdom). Expired air
was collected via a Hans Rudolf breathing face
mask with 2730 series large Y shaped valves
(Hans Rudolf, Kansas City, USA) and low
resistance ducting. Oxygen consumption
(VO,) was assessed using an on-line Covox
Microlab analyser (Fitness Research Systems,
Exeter, United Kingdom). Each subject’s VO,
max was estimated by extrapolating heart rate
and oxygen consumption to their predicted
heart rate maximum of 210 — (age x 0.65).”" It
was intended to use this assessment postinter-
vention as an indicator of changes in aerobic
capacity, but because of technical difficulties
this was not possible. Fortunately all subjects
also completed a preintervention step test
which was repeated postintervention, thereby
providing an indication of aerobic fitness.

STEP TEST FOR AEROBIC FITNESS

In addition to the GTWT, all subjects com-
pleted a five minute step test. This began with
a stepping cadence of 20 cycles per minute,
which steadily increased after 30 seconds,
reaching 24 steps a minute by the end of the
second minute. This cadence was then main-
tained for the final three minutes of the of the
test. Throughout the test the subjects’ heart
rate was monitored continuously using the
PE4000 short wave telemetry system (Polar
Electro Oy, Finland) and their peak heart rate
recorded during the final 15 seconds of the
test. Upon completion of the test the subject
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was seated and a recovery heart rate recorded
for 60 seconds. While seated the subject’s hand
was heated using warm water to promote cap-
illary blood flow and a four minute postexer-
cise finger prick capillary blood sample was
collected using an Autolet lancet. The sample
was immediately analysed using a YSI 2300
stat plus blood lactate analyser (Yellow Springs
Instrument Company, Yellow Springs, Ohio,
USA).

WALKING PROGRAMME

Subjects allocated to the W group embarked
upon an 18 week walking programme which
began with a total of 60 minutes walking in the
first week, increasing to 200 minutes by the
end of the study. The prescribed exercise
programme aimed to produce an energy
expenditure of around 1000 kcal week”, this
value being selected upon the basis of a review
by Superko,”® who suggested that it was
effective in producing other health related
adaptations. Members of group W were
requested to walk for no less than 20 minutes
in each session and since most subjects were
considered to be sedentary or relatively inac-
tive a gradual build up in activity was incorpo-
rated with the amount of energy expended
estimated from the American College of Sports
Medicine (ACSM) guidelines.”

In order to monitor and assist with the
determination of exercise intensity while walk-
ing, subjects were allocated heart rate monitors
(Polar Favor, Polar Electro Oy, Finland) and
instructed to exercise at a heart rate which cor-
responded to 70-75% of their age predicted
VO, max. Additionally all subjects were issued
with a Borg scale of perceived exertion*” which
had also been used during the GTWT. To
record their activities, all subjects were given
two training diaries in which they were
instructed to record the duration and intensity
of all sessions. Completing the details in dupli-
cate enabled one diary to be returned to the
investigators on a regular basis and any queries
concerning the content to be dealt with over
the telephone.

Subjects completed their walking sessions in
a way which fitted into their lifestyle, and they
were also offered the option of supervised
walking sessions on a weekly basis. Subjects in
the control group were asked to maintain their
current lifestyle for the duration of the study.
They were also informed that upon completion
of the study they would be offered the
opportunity to participate in a second super-
vised walking programme. A summary of sub-
ject details are presented in table 1.

Fifteen of the 18 subjects allocated to group
W completed the walking programme, and all
14 members of the control group indicated to
the investigators that they had complied with
the request to not increase their levels of activ-
ity until after the postintervention testing.
Based upon the information contained within
the training diaries of group W, a mean walking
heart rate was calculated for each week. From
this an estimated walking VO, was generated
for each individual, using the correlation
between their heart rate and VO, which had
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Table 1  Subject details (preintervention), mean (SD)

n Walkers n Controls P

Age (years)

Males 9 57.3 (8.1) 8 57.3 (5.5)

Females 6 53.0 (8.4) 6 54.3 (5.6)

‘Whole group 15 14 0.96
Height (m)

Males 9 1.75 (0.04) 8 1.74 (0.04)

Females 6 1.62 (0.05) 6 1.62 (0.09)

Whole group 15 14 0.86
Weight (kg)

Males 9 82.7 (8.1) 8 75.9 (7.8)

Females 6 65.6 (9.1) 6 63.9 (6.0)

Whole group 15 14 0.21
Estimated VO, max (1 min ™)

Males 9 2.21 (0.34) 8 2.68 (1.06) 0.23

Females 6 1.57 (0.34) 6 1.96 (0.23) 0.04

All . 15 1.96 (0.46) 14 2.37 (0.87) 0.12
Estimated VO, max (ml kg ' min ')

Males 9 26.7 (3.60) 8 3.47 (11.2) 0.06

Females 6 24.3 (5.83) 6 30.7 (1.74) 0.03

All 15 25.77 (4.60) 14 32.99 (8.57) <0.01
Step test heart rate (beats min™") 15 131.7 (13.9) 14 118.5 (16.6)  0.03*
Lactate (mmol 1I"") 15 2.72(1.03) 12 2.42(1.19) 045
Echocardiographic data
Lateral aspect (L)

Displacement (cm) 14 1.60 (0.277) 14 1.61 (0.302) 0.95

Velocity (cm s™") 14 8.71 (2.027) 14 10.16 (2.713) 0.12
Centre septum (S)

Displacement (cm) 13 1.42 (0.369) 11 1.44 (0.284) 0.88

Veloccity (cm s™') 13 7.23 (3.314) 11 7.37 (2.074) 0.90

Posterior aspect (P)
Displacement (cm)
Velocity (cm s™)

13 1.53(0.175) 11
13 9.26(3.098) 11

1.61 (0.259) 0.41
9.71 (2.777)  0.71

Table 2 Details of walking study

Mean SD

Total minutes walked 2514.2 312.5
Walking heart rate (beats min™") 128.0 11.6
Estimated exercise intensity

(% maximum heart rate, beats min™')  73.8 6.99
Estimated exercise intensity (VO, max) 67.8 4.99
Estimated gross energy expenditure

(kcal) 16 127 5871

been produced from the GTWT data. Mean
“rating of perceived exertion” (RPE)* was also
calculated, along with total weekly minutes
walked. From this, each individual’s total
energy expenditure while walking could be

Table 3 Mean displacement values (cm) for the heart when viewed from three aspects (L,
S and P), comparing the measurements before (Pre) and after (Post) the 18 week walking
intervention period for the walkers (W) and controls (C). Values are mean (SD)

Pre Post Difference

Lateral aspect (L)

W (n=14) 1.60 (0.227) 1.67 (0.194) +0.07

C (n=140 1.61 (0.302) 1.67 (0.300) +0.06
Centre septum (S)

W (n=13) 1.42 (0.369) 1.49 (0.227) +0.07

C (n=11) 1.44 (0.284) 1.39 (0.281) -0.05
Posterior aspect (P)

W (n=13) 1.53 (0.175) 1.64 (0.210) +0.09

C (n=11) 1.61 (0.259) 1.62 (0.359) +0.01

Table 4 Mean velocity values (cm s™) for the heart when viewed from three aspects (L, S
and P). Comparing the measurements before (Pre) and after (Post) the 18 week walking
intervention period for the walkers (W) and controls (C). Values are mean (SD)

Pre Post Difference

Lateral aspect

W (n=14) 8.71 (2.027) 10.18 (2.277) +1.47*

C (n=14) 10.16 (2.713) 9.51 (1.867) -0.65
Centre septum

W (n=13) 7.23 (3.314) 7.30 (2.090) +0.17

C (n=11) 7.37 (2.074) 7.66 (1.613) -0.50
Posterior aspect

W (n=13) 9.26 (3.098) 9.76 (2.430) +0.43

C (n=11) 9.71 (2.777) 9.85 (2.052) -0.01
*P < 0.05.
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estimated.” During the study the subjects
walked with an average heart rate of 128 beats
min™ (SD 11.6) which corresponded with the
findings of Porcari et al,"* who ascertained that
brisk walking would be sufficient to attain the
required exercise heart rate in these older, rela-
tively inactive individuals. Details of the
walking programme are summarised in table 2.

Results

ECHOCARDIOGRAPHY DATA

Because of technical difficulties it was not pos-
sible to obtain reliable measurements for all
subjects on all factors; therefore the number of
subjects used in the analysis varied between
factors (tables 3 and 4). An analysis of covari-
ance was carried out on the data for each factor
using the method described by Oldham.* This
revealed a significant increase in the rate of
relaxation r as seen from the lateral aspect (site
L in the figure) for W (P < 0.05) but no signifi-
cant change in the controls (P > 0.1).

There were no significant differences (P >
0.1) before and after the walking programme
in the displacement at any of the sites studied
for either group. Similarly there were no
significant changes in the velocity (cm s™) of
relaxation of the left ventricle seen from the
centre septum (site S in the figure) and post-
erior (site P in the figure) for either the W or
the C groups.

STEP TEST DATA

Using a one way analysis of variance the results
of the step test showed a statistically significant
reduction of 4.8 beats min™ in the mean peak
heart rates of the walkers (P < 0.05) but no
significant change in the control group, whose
mean heart rate increased by 1.9 beats min™
(table 5). Analysis of the post-test recovery
heart rates revealed a mean reduction of 8.1
beats min™ in the walkers which bordered upon
statistical significance (P < 0.07) but virtually
no change in the controls. Neither group
showed a statistically significant change in
post-test lactate (P > 0.1).

Discussion

Doppler echocardiography has been used in
various studies investigating the effects of exer-
cise upon cardiac function, the overall findings
of such research being a difference in the left
ventricular filling pattern between athletic and
non-athletic individuals.'® * However, since the
subjects in the “active” group of these studies
have tended to be established athletes with
many years participation in vigorous competi-
tive sport, it may be inappropriate to extrapo-
late the findings to more moderate forms of
exercise.

The results of this study provide some
evidence to indicate that an 18 week walking
programme can alter cardiac function, as
measured by the rate of relaxation of the longi-
tudinally arranged myocardial fibres of the left
ventricle. They also support the findings of
other research which have shown a reduction
in submaximal heart rates while exercising at a
set workload.> *2%* %
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Table 5 Step test results. Values are mean (SD) of measurements made before (Pre) and
after (Post) the 18 weeks walking intervention for the walkers (W) and the controls (C)

Pre Post Difference

Peak heart rate (beats min™")

W (n=15) 131.7 (14.0) 126.9 (10.0) 4.8%

C (n=13) 118.5 (16.6) 120.4 (17.4) -1.9
Recovery heart rate (beats min™')

W (n=11) 98.4 (14.6) 90.3 (13.6) 8.1

C (n=10) 89.5 (19.4) 89.1 (16.9) 0.4
Lactate (mmol 17)

W (n=14) 2.77 (1.05) 2.41 (0.71) 0.36

C (n=12) 2.42 (1.19) 2.45 (1.00) -0.03

These findings provide positive evidence of
the effects of moderate intensity exercise upon
cardiac function, and while an increased
relaxation velocity cannot automatically be
considered a health benefit, if viewed in the
context of other findings it could be postulated
that it is a positive change since cardiac
function becomes more like that of younger
and athletically fitter individuals. Furthermore
it could also have implications upon related
factors, such as the link between cardiac func-
tion and hypertension.*

However, while providing strong statistical
evidence for these changes the characteristics
of the subjects who completed the intervention
make it necessary to view the data with a little
caution. The underlying reason for this is that
the groups were matched for age and gender
before the echocardiographic analysis and
fitness tests, so these latter data could not
therefore be included in the stratification when
matching the groups. Close inspection of the
data shows that, while the average preinterven-
tion relaxation velocity of the walkers was not
statistically different (P > 0.1) from that of the
controls, the mean was lower. Other differ-
ences were apparent in the fitness test data,
with the preintervention estimated VO max
values being lower for both male and female
walkers than in controls of the same gender
when expressed relative to body weight (ml kg

in'). Similarly the female walkers also
possessed a lower absolute VO, max than the
female controls. This indicated a lower pre-
intervention level of fitness in the walkers,
which was further supported by the step test
heart rates which were higher in this group.

This meant that in the postintervention test-
ing, where the mean lateral ventricular relaxa-
tion and the step test heart rates of group W
had significantly improved (ventricular relaxa-
tion P < 0.01 and step test heart rates P <
0.05), the postintervention values were now
similar rather than significantly better than
those of the controls, whose values had not
changed during the course of the study.

However, this unfortunate quirk in subject
selection is somewhat accounted for in the sta-
tistical tests employed. Therefore the results of
the investigation do indicate that significant
changes in cardiac function may be attained
from exercise programmes which are relatively
moderate in both intensity and volume. The
duration of this study was 18 weeks, and the
intensity [67.8(4.99)% VO, max, 73.8(6.99)%
maximum heart rate] corresponded to the cur-
rent ACSM guidelines,” that the exercise
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should be rhythmic in nature and performed at
50-85% of VO, max and 60-90% of maximum
heart rate. Furthermore, the mode of exercise
was of a type which can usually be easily
accommodated in many individuals’ weekly
routines. Analysis of the data indicated that the
subjects in group W achieved an average walk-
ing duration of 140 min week™ over the entire
duration of the study, with an average of 181
min week during the final six weeks. This cor-
responded to an estimated 18 week average
energy expenditure of 900 kcal week' and
1161 kcal week' during the final six weeks.
These values again correspond to ACSM
guidelines® of 15-60 minutes exercise carried
out on between three and five days per week.

The results of this study have shown that
adaptations to cardiac function may be possi-
ble within a relatively short time span (18
weeks) using a moderate exercise intensity with
realistic exercise volumes. Therefore this evi-
dence provides a further indication of the
potential health benefits of moderate intensity
exercise, which is of a nature that can be
performed by a large proportion of the adult
population. Additional advantages of advocat-
ing this form of exercise are a reduced risk of
injury® and better compliance than with more
strenuous activities.” **** The importance of
sustaining this level of activity throughout life
is highlighted by the work of Vollmer-Larsen
and associates'* who showed the reversibility of
cardiac function in ex-athletes, who on giving
up training were found to have similar cardiac
function to that of individuals who had never
been actively involved in sport, rather than to
their peers who had continued to train.

We would like to thank all the participants for their cooperation,
Mrs L Roles for her assistance in supervising the walking
programme, and Ms S Quinn for her assistance with the walk-
ing programme and the GTWT. Addmonally we would like to
thank Dr J Reynolds for his advice concerning the statistical
analysis and Mrs J Yoke Eng Lawrence for her translation of the
Su article."®
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