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Effect of Physical Exercise Training
on Health-Related Quality of Life
and Exercise Tolerance in Patients
With Left Ventricular Dysfunction
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Objectives. The improvement of exercise tolerance and quality of |ifel QOL Care essential in the treat-
ment of patients with heart failure. The influence of physical exercise training on QOL was investigated in
patients with left ventricular dysfunction.

Methods. Health-related QOL was evaluated using the Medical Outcomes Study Short-Form 36 Health
Status Survey] SF-36[before and 3 months after individualized exercise training determined by cardiopul-
monary exercise testing in 65 patients. The 44 patients who could carry out more than two-thirds of the
prescribed exercise were classified into two groups: Group Al 11 patientsCith left ventricular gjection
fractionJ 40% and Group BJ 33 patientsCwith left ventricular ejection fraction§ 40%. The remaining 21
patients served as the control group.

Results. The mean value of SF-36 improved significantly with exercise training only in Group A

050.8+ 25.3t0 62.1+ 22.2, pJ 0.050 Group A also had an increase in peak Vd,l 18.9+ 3.5t0 21.4+
3.6ml/min/kg, pd 0.005Cand a decrease in brain natriuretic peptide. The 24 patients 9 in Group A, 15in
Group BOwith improved SF-36 values after the exercise training showed a negative correlation between
the change of the mental component summary and the peak Vd,l r 0 [0 0.606, pJ 0.05C1

Conclusions. Exercise training improves both the QOL, especially the mental component, and the exer-

cise tolerance in patients with left ventricular dysfunction.
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INTRODUCTION

Cardiac rehabilitation has been developed pri-
marily to reintegrate post-myocardial infarction
patients into society. Recently, exercise training
therapy has been indicated not only for ischemic
heart disease but also for heart failure, and its effi-
cacy has been widely established™ ", Patients with
chronic heart failure have a deteriorating quality of

WEXxercisetests
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WmHeart failure

lifel QOL [as their condition worsens due to various
factors, including poor exercise tolerance and anxi-
ety*™™. QOL improvement is one of the important
targets in the treatment of patients with heart fail-
ure. The correct amount of exercise training may
allow such patients to resume an active life and
may eliminate their anxiety about exercise loading.
Conseguently, exercise training can be expected to
give patients improved exercise tolerance and
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QOL3**87 However, whether the exercise training
improves QOL remains controversial. The differing
views on the effect of exercise training on QOL
may result from differences in the QOL assessment
methods, and the variations in the duration and con-
tent of the exercise training in the studies investi-
gating the relationship between exercise training
and QOL, ranging from only physical training to
more comprehensive programs, with and without
supervision. For example, in the case of unsuper-
vised exercise training, it is not easy to be certain
that the subjects could or did carry out the pre-
scribed exercise training adequately.

Recently, the Medical Outcomes Study Short-
Form 36 Health Status Survey] SF-36[3"has become
widely recognized as a useful outcome measure
that can objectively express a subjective health-
related QOL. We examined and compared the
changes in the health-related QOL occurring as a
result of the exercise training using SF-36

0 Japanese version 1.200%n patients with and with-
out left ventricular dysfunction and in patients that
could not adequately carry out the exercise training.

SUBJECTSAND METHODS

Study population

The subjects consisted of 65 outpatients, 42 men
and 23 women aged from 37 to 81 yearlsl mean age
61.0+ 11.0 yearsCivho were given an exercise pre-
scription based on cardiopulmonary exercise testing
between May 2001 and April 2002. The patients
had the following underlying diseases: 37 ischemic
heart diseases; 17 dilated cardiomyopathy ; 4
hypertrophic non-obstructive cardiomyopathy ; 6
operated valvular heart diseases; and 1 arterioscle-
rosis obliterans. There were no patients whose car-
diac condition had worsened or had been unstable
within at least 1 month before starting the exercise
training, and there were no patients who showed
signs of myocardial ischemia during the cardiopul-
monary exercise testing.

The subjects were divided into three groups
based on a questionnaire that surveyed the degree
of fulfillment of the prescribed exercise training 3
months from the start of the exercise program. The
44 patients who answered the questionnaire as
10 having carried out more than the prescribed
exercise training, or 21 having carried out the pre-
scribed exercise training, or 30 having carried out
more than two-thirds of the prescribed exercise
training, were classified as exercise achievement

cases. These 44 patients were further divided into
Groups A and B based on left ventricular gection
fractionl LVEFOvalues that were determined using
echocardiography. Group A consisted of 11 patients
with LVEFO 40% and Group B consisted of 33
patients with LVEFH 40%. The remaining 21
patients who answered the questionnaire as
40 having carried out half of the prescribed exer-
cise, or 50 having carried out less than half of the
prescribed exercise, or 601 not being able to carry
out the prescribed exercise prescription, were used
as controls. Five patients had LVEFO 40%, and 16
patients had LVEFH 40%. The patients in the con-
trol group were also asked the reasons why they
could not carry out the prescribed exercise. We
examined the health-related QOL using SF-36
before and 3 months after the exercise training, and
compared the scores between the three groups. The
patient characteristics of the three groups are shown
in Table 1.

Medications for heart failure such as
angiotensin-converting enzyme inhibitors,
angiotensin-{ receptor antagonists,3 -blockers,
diuretics and digitalis were not altered throughout
the exercise training period.

Cardiopulmonary exercisetesting

All patients underwent a symptom-limited bicy-
cle ergometer exercise test immediately before
starting the exercise training. A continuous ramp
protocol at a constant rate of 50 rpm was used with
awork rate that was increased by 15 W/min after a
2-minute rest period. Standard 12-lead electrocar-
diography was continuously monitored throughout
the test. Their arterial blood pressure was measured
by cuff sphygmomanometry at rest and subsequent-
ly every minute during the exercise and recovery
phase. Breath-by-breath gas exchange measure-
ments were performed with a computerized meta-
bolic carfl JAEGER, Oxycon Alphall Oxygen
uptakel QOZE carbon dioxide production! QCOZH
minute ventilation and the respiratory exchange
ratio were measured. Peak V o, was determined as
the highest 902 achieved during exercise. The
anaerobic threshold was measured by the V-slope
method. We regarded the values of peak 902 as an
index of exercise tolerance. Cardiopulmonary exer-
cise testing and brain natriuretic peptide measure-
ments were performed before and 3 months after
starting the exercise training in 8 of the 11 patients
in Group A.

J Cardiol 2004 Nov, 441 501 179-187



Exercise Training in Left Ventricular Dysfunction 181

Table 10 Baseline characteristics of the subjects

Group A Group BO ControlJ
0 nO 110 0O nO3300 OnO210 0
Sekl male/femalel] O 6/501 23/1001 13/801
Ag8l yr0 O 61.8+ 10.50 62.8+ 11.20 58.3+ 10.90
Underlying heart disease] ad ad ad
I schemic heart diseasel] 50 2201 100
Dilated cardiomyopathy 60 30 80
Hypertrophic cardiomyopathy[] o0 20 20
Valvular heart diseasel] o0 50 19
Arteriosclerosis obliterancell oo 10 o0
NYHA classification] ad ad ad
ogd 10 140 90
od 30 150 80
od 70 40 40
ogd o0 o0 od
LVEE %0 O 30.5+ 7.90 59.6+ 9.0°0O 54.1+ 16.9°0
LVDD mmO O 64.8+ 5.90 50.3+ 6.4°0 53.6+ 840
AT goﬂ mi/kg/m20 O 12,7+ 3.10 15.1+ 3.6 O 14.3+ 40 O
Peakgog ml/kg/m?20 O 20.4+ 5.7 24.3+ 7.0 220+ 6.5

Continuous values are meant+ SD. “p 0.0001 compared to the valuesin Group A.0J
Group A exercise achievement cases, LVEFO 40%. Group B: exercise achievement cases, LVEFH 40%.

Control : exercise non-achievement cases.[]

NYHADO New York Heart Association; LVEFO left ventricular €ection fraction; LVDDO left ventricular

diastolic diameter ; AT Vo,[1 oxygen consumption at anaerobic threshold level ; Peak

peak exercise level.

Exercise prescription

The exercise prescription was based on the
results of cardiopulmonary exercise testing imme-
diately before exercise training, with unsupervised
walking on alevel road for more than 30 min asthe
exercise method. The frequency of exercise training
was once or twice a day, 3 to 5 days per week.
Exercise intensity was designated with a target
pulse rate and symptom level. The target pulse rate
was set as the heart rate at the anaerobic threshold
level measured by cardiopulmonary exercise test-
ing. For patients with severe left ventricular dys-
function, the target heart rate was set based on the
1 min period before the anaerobic threshold level.
We instructed the patients to do the exercise within
the limit of their symptoms as denoted by the Borg
index"13, feeling“ somewhat hard” .

Health-related QOL (SF-36)

SF-361 Japanese version 1.203% s a self-adminis-
tered questionnaire suitably translated into Japanese
to evaluate the health-related QOL. The 36-item
guestionnaire is scored on a scale ranging from 0 to
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0, oxygen consumption at

100, with higher scores representing a higher QOL,
and consists of the following eight sub-scales:
10 physical functioningl PFC] 20 role-physical
0 RPO 30 body paifl BPO 400 general healthl GHOJ
50 vitalityl VT, 60 social functioningl SFOJ
70 role-emotionall REL] and 81 mental health
0 MHL Sub-scales of categories 100 to 400 were cal-
culated as the physical component summary] PCS[]
and sub-scales of categories 500 to 800 were calcu-
lated as the mental component summary]l MCS[]
The study complied with the Declaration of
Helsinki, the locally appointed ethics committee
approved the research protocol, and informed con-
sent was obtained from the subjects.

Statistical analysis

Data before and after the exercise training were
compared using paired Student’s t-tests. Com-
parisons of the patients characteristics and SF-36
scores between three groups were made using the
chi-square test or ANOVA. Linear regression
analyses were performed using Fisher’s exact test.
Values of p0 0.05 were considered to be statisti-
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cally significant. Data were expressed as mean
valuex standard deviation.

RESULTS

Changein SF-36 scoreswith exercisetraining
The mean scores of SF-36 values before and
after the exercise training for the three groups are
shown in Fig. 1. Before exercise training, the mean
score in Group A was significantly lower than that
in Group B150.8+ 25.3 vs 74.0+x 17.5, pO
0.00100 However, the mean scores significantly
increased after exercise training only in Group A
O Group A: from 50.8+ 25.3 to 62.1+ 22.2, pO
0.015, Group B: from 74.0+ 17.5to 75.7+ 14.0,
pO 0.510, control group: from 67.8+ 20.3 to
64.1+ 26.5, p0 0.25001
The scores of sub-scales PCS and MCS before
and 3 months after exercise training in the three
groups are shown in Table 2. All scores of each
sub-scale before exercise training in Group A were
low compared to those in the other two groups, but
al increased after exercise training. The increase in
RPI from 25.0+ 38.7 to 50.0+ 41.8, p 0.0410]
PCS from 49.1+ 21.4 to 59.4+ 23.5, pO 0.0180]
and MCS8 from 52.5+ 30.7 to 64.8+ 22.8, pO
0.0390were statistically significant for Group A. In
Group B, most scores before exercise training were
relatively high, and did not change significantly
after exercise training, although most scores
increased dlightly. In the control group, the scores
after exercise training showed a dlight decrease in

p<0.05 NS
[—

0.005

p<0.

100- T 1T 1
NS

r 1

80

Mean scores of SF-36 values

204
0+
GroupA Group B Control
Before [ After

Fig.1 Changes in mean SF-36 values before and 3
months after exercisetraining
The score in Group A was significantly lower compared
to that in Group B at baseline, and increased significant-
ly after exercise training. The score in Group B was rel-
atively high at baseline and did not show a significant
increase after exercise training. In the control group, the
score after exercise training decreased slightly com-
pared to baseline levels.
SF-360 Medical Outcomes Study Short-Form 36
Health Status Survey.

Table 200 SF-36 scores before and after exercisetraining

Group Al n0 110 O

Group B! n(0 3300 O Controld nO 210 O

Before After Before After Before After

PFO 67.3t 26.10 69.5+ 23.00 81.4+ 14.500 84.2+ 12.30 75.5+ 20.100 729+ 24.10
RPO 25.0+ 38.70 50.0+ 41.8°0 79.5+ 34.50 75.8+ 33.90 72.6x 37.00 65.5+ 45.700
BPO 58.1+ 31.70J 68.3+ 25.90J 67.7+ 28.70 73.8+ 24.00 72.4+ 22.60J 73.5+ 27.401
GHO 45,9+ 16.900 49.6+ 17.00 57.6+ 12.80 57.6+ 12.40 47.9+ 17.00 50.3+ 25.800
vTQd 48.6+ 29.500 62.7+ 24.50 65.8+ 16.000 68.0+ 19.200 59.0+ 24.10 51.0+ 27.00
SFO 62.5+ 36.201 69.3+ 25.2[] 86.0+ 18.90J 81.1+ 21.50J 77.4% 26.100 70.8+ 29.401
REO 39.4+ 49.000 57.6+ 49.60 79.8+ 37.20 88.9+ 28.50J 68.3+ 42.80 66.7+ 42.200
MHO 59.6+ 24.80J 69.5+ 16.400 74.5+ 16.70 76.1+ 18.200 69.7+ 21.00 62.3+ 23.9"[
PCSO 49.1+ 21.40 59.4+ 2350 71.6x 17.70 72.9+ 14.40 67.1+ 18.600 65.5+ 27.80
MCS 52.5+ 30.7 64.8+ 22.8” 76.5+ 18.2 78.5+ 16.0 68.6+ 23.8 62.7+ 27.5

Valuesare meant SD. “pl] 0.05 compared to the values before exercise training.[
PFO physical functioning; RPO role-physical ; BPO body pain; GHO general health; VTO vitality ; SFO socia functioning; RED
role-emotional ; MHO mental health; PCSO physical component summary ; MCSO mental component summary. Other abbreviation as

inFig. 1.0
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B Group A B GroupB [ control

_ PF A
J
RP
PCS
BP
GH -
VT
SF
MCS
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MH -
-10 -5 0 5 15 20 25
A SE-36

Fig. 2 Difference of SF-36 sub-scales before and 3 months after exercisetraining
The degree of improvement in Group A was high in most subscales, especially in RP, RE and VT. Many
sub-scales showed slight improvement in Group B, and slight deterioration in the control group.

Abbreviationsasin Fig. 1, Table 2.

many items compared to the baseline levels, with
the decrease in MH being statistically significant
O from 69.7+ 21.0t0 62.3+ 23.9, p0 0.02901

Degree of change in SF-36 scores with exercise
training

The differences in the SF-36 sub-scales before
and after exercise training in the three groups are
shown in Fig. 2. The positive values represent
improvement of the health-related QOL. The
degree of improvement in Group A was relatively
high in most sub-scales, especially in RP, RE and
VT, compared to those in the other groups. In
Group B, there were many sub-scales that showed a
slight improvement, whereas in the control group,
many sub-scales showed a slight deterioration.

Exercise tolerance and SF-36 scores

The relationships of PCS and MCS to the peak

0, measured before exercise training are shown in
Fig. 3. There were significant positive correlations
between both scores and the peak V 0,. The correla
tion between PCS and peak V 0, was stronger than
that between MCS and peak Vd,l PCS: r [0 0.581,
pO 0.0001, MCS: r 0 0.436, pO 0.000501

There were no significant correlations between
the differences in both scales before and after exer-
cise training and the peak V o, measured before
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exercise training in all subjectsl PCS: r [0 0.111,
pO 0.382, MCS: r 0 0.007, pO 0.955[1 However,
in the 24 patient&l 9 patients in Group A, 15
patients in Group BOvhose mean SF-36 values
increased after exercise training, there was a signif-
icant negative correlation between the degree of
change in MCS and the peak VoRl PCS: rJ
0 0.289, pd 0.173, MCS: rO0 O 0.606, pO
0.001; Fig. 40

hange of brain natriuretic peptide and peak

0, wWith exercisetraining

Fig. 5 shows the values of brain natriuretic pep-
tide and the peak goz before and after exercise
training in 8 of 11 patientsin Group A. After exer-
cise training, their brain natriuretic peptide showed
a downward trendl from 279.4+ 304.0 to 123.6+
111.5pg/ml, p0J 0.117Cand the peak Vo, increased
significantlydd from 18.9+ 3.5 to 21.4%
3.6ml/min/kg, pO 0.003[1

Reasons for non-achievement of the exercise
prescription in the control group

The patients in the control group could not carry
out the exercise prescription fully because of anxi-
ety over the exercise training! eight patientsC] no
time for exercise trainingl seven patientsl] no
recognition of the necessity for exercise training
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Peak VO,
(ml/min/kg)
50 1
J [ J
r=0.581
40 1 p <0.0001

30 1
20 1

10 1

0 T T T T ]
0 20 40 60 80 100

PCS before exercise training

Peak VO,
(ml/min/kg)

501

| r=0.436
40 p <0.0005

30 1

20 1

10 1

MCS betfore exercise training

Fig. 3 Reélationship of peak goz to PCS and MCS examined before exer cisetraining
There were positive correlations between both scores and the peak V 0,. The correlation of PCS and the
peak V 0, was stronger than that between MCS and the peak V 0.

Abbreviationsasin Tables 1, 2.

Peak VO,
(ml/min/kg)

40 1

[} r=-0.289

10 T T T T T ]
-10 0 10 20 30 40 50 60

APCS

Peak VO,
(ml/min/kg)
40 1
° r=-0.606
L1~ p <0.005
301 d
O %

20

10
-10 0

10 20 30 40
AMCS

50 60

Fig. 4 Relationship of the degree of change in PCS and MCS to the peak goz in 24 patients with
increased mean SF-36 values after the exercisetraining
There was a significant negative correlation between the degree of changein MCS and the peak goz. Open
circles show the patientsin Group A. Closed circles show the patientsin Group B.

Abbreviationsasin Tables 1, 2, Fig. 1.

O four patients[] body paifl one patient[] mental
fatiguél one patientl] mental stressl one patient[]
and no place for walking one patient(]

DISCUSSION

In the present study, the mean SF-36 values, PCS
and MCS, increased significantly after exercise
training only in patients with left ventricular dys-
function who could adequately carry out exercise
trainingl Group Al The degree of improvement in

the SF-36 sub-scalesl RP, RE and VTOwas high in
Group A. There were significant positive correla-
tions between PCS, MCS and the peak goz mea-
sured before exercise training. In 8 of the 11 Group
A patients, the peak @oz increased significantly
with exercise training. However, in the 24 patients
whose mean SF-36 values increased after exercise
trainingl 9 in Group A, 15 in Group B[] there was a
significant negative correlation between the degree
of changein MCS and the peak @oz.

J Cardiol 2004 Nov, 441 501 179-187
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Peak VO2
pg/ml BNP ml/min//kg
10007 307] .
~— T
_ NS —
400 (p=0.117) }
207
300
. —
200 7
1071 p<0.005
1007 .
0 T T — 0 T T
Before After Before After

Fig. 5 Changes in brain natriuretic peptide and the peak gog with exercise training in 8 of 11

patientsin Group A

The values of brain natriuretic peptide showed a downward trend and the peak goz increased significantly

after the exercise training.

BNPO brain natriuretic peptide. Other abbreviationsasin Table 1.

The efficacy of exercise training in patients with
chronic heart failure has been proven by various
large-scale trials**'?”, Exercise training is generally
agreed to improve exercise tolerance®***”, The
mechanism of the improvement appears to be mul-
tifactorial, including improvements in cardiac func-
tion®®", respiratory function****~, and peripheral cir-
culation including skeletal muscle**"*"". Though
the improvement of exercise tolerance and QOL is
closely linked®*®, it is not easy to assess QOL in
patients with chronic heart failure, because QOL
consists of, and thus reflects, various factors,
including mental and physical stress, anxiety,
depression, relationships with families and neigh-
bors, physical activity, and occupational problems.

We used SF-36] Japanese version 1.2[For the
assessment of health-related QOL, as prepared for
use with Japanese patients'®. SF-36 has already
been applied to other areas of cardiovascular dis-
ease, such as coronary heart disease and heart fail-
ure”*®~. SF-36 scores in patients with chronic heart
failure were lower, except for body pain, compared
to the Japanese national norm™. In our study, all
scores of the SF-36 sub-scales examined before the
exercise training in patients with left ventricular
dysfunction were low compared to those in patients
without left ventricular dysfunction. Thus, we
assume that SF-36 can comprehensively assess the
health-related QOL in patients with left ventricular
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dysfunction.

Improvement of the health-related QOL by exer-
cise training was found only in Group A. The car-
diac condition of Group A patients did not deterio-
rate after exercise training, as shown by brain natri-
uretic peptide values. Moreover, their exercise tol-
erance improved after exercise training, as shown
by the change in the peak V 0,. These changes may
result in improvement of both the physical and
mental components of health-related QOL. Most
Group A patients had been forced to remain at rest
before the present study started, because they were
anxious that their heart failure could deteriorate
with exercise. Thus, it is likely that simply being
able to do the exercise training for 3 months with-
out any heart failure was chiefly responsible for
producing the improvement in the mental compo-
nent of the health-related QOL.

Positive correlations between PCS, MCS and the
peak 902 measured before exercise training were
noted and likely mean that better exercise tolerance
in patients was related to the better health-related
QOL obtained. However, there was a significant
negative correlation between the degree of
improvement in MCS and the peak @oz, which can
be interpreted to mean that the degree of improve-
ment of mental QOL by the exercise training was
stronger in patients with poor exercise tolerance
than in those with good exercise tolerance.
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Both home- and hospital-based cardiac rehabili-
tation are useful in older patients with old myocar-
dial infarction to improve exercise tolerance and
QOL®". With home-based unsupervised exercise
training, it is essential to confirm the patients’ ful-
fillment of the prescribed exercise program. In
order to do this, we administered a questionnaire 3
months after the start of exercise training. We sepa-
rately evaluated the patients who reported that they
could not carry out more than two-thirds of the
exercise prescription as the non-achievement
group, which served as the control group. The SF-
36 values in this control group decreased dlightly
after exercise training. Although the control group
included five patients with LVEF valuesO 40%,
their heart failure did not deteriorate during the
observation period. The worsening of the health-
related QOL in the control group may be due to the
fact that they could not carry out the prescribed
exercise. In view of the reasons given for non-
achievement of the exercise training, we became
keenly aware of the importance of adequately

ggno
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explaining the usefulness of exercise training to
each patient and of providing an exercise prescrip-
tion suited to each patient’ slifestyle.

There are several limitations to our study. No
control group not given exercise prescription was
incorporated into the design of this study. Since the
exercise training in this study was unsupervised,
the confirmation of whether the exercise training
was really performed depended on the veracity of
patient responses. Furthermore, the pulse rate that
was set as one measure of exercise intensity may
not have been measured accurately, especially in
patients with arrhythmia. However, to overcome
this limitation in such patients, the exercise intensi-
ty was assessed by classifying their symptoms
according to the Borg index.

CONCLUSIONS

Exercise training improves both QOL, especiadly
the mental component, and exercise tolerance in
patients with left ventricular dysfunction.

J Cardiol 2004 Nov, 441 501 179-187
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