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Abstract. We evaluated the time course of alteration
in aerobic capacity and coronary risk factors associ-
ated with a 36-month exercise program in women with
ischemic heart disease (IHD). Twenty-one patients
participated in supervised exercise and home-based
exercise programs for 36 months. However, of all patients,
11 patients completed the entire program. Oxygen uptake
corresponding to lactate threshold (VOZLT), peak oxygen
uptake (VO,peak), percent of body fat (%BIF), systolic
(BPs) and diastolic (BPd) blood pressure, total cho-
lesterol (TC), low-density lipoprotein cholesterol (LDLC),
high-density lipoprotein cholesterol (HDLC) and tri-
glycerides (TG) were assessed before and 4, 8, 12, 24,
and 36 months after exercise. The intensity of exer-
cise was set at individually determined LT, i.e., 60 to
70% VOZpeak. The daily amount of exercise during 36
months averaged 24.0 + 11.4 minutes per day. During
the course of exercise program, VOZLT, VOzpeak, BPs,
BPd, and TG improved significantly at month 4. Al-
though %BF decreased significantly at month 8 to 12,
it tended to return to the initial level at month 36. On
the other hand, a significant increase in HDLC was found
at month 24 and improved state of HDLC remained
unchanged thereafter. No changes were found in TC
and LDLC. These results suggest that most of the
beneficial effects of exercise on aerobic capacity and
coronary risk factors in women with IHD are obtained
within 4-8 months, with some further improvement seen
with continued exercise up to 24 months.

(Appl Humamn Sci, 15 (3): 115-121, 1996)
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Introduction

There is a large body of evidence supporting the

beneficial effects of exercise on aerobic capacity and
coronary risk factors in patients with ischemic heart
disease (IHD). Most of those results have been ob-
tained from studies that used men as the subjects.
No information have been obtained on the effects of
exercise in women with IHD. It must be separated
from women to men in the assessement, because dif-
ferent developmental and physiological characteristics
between the sexes may lead to different physiologi-
cal responses to exercise (Cochrane et al., 1992; Mitchell
et al., 1992).

Moreover, the period of exercise program which
have ever been reported lasted from several months
to 1 year. Although the role of exercise as a second-
ary prevention of IHD has not yet been clearly proved,
O’Connor et al. (1989) performed a meta analysis of
all randomized trials, involving 4,554 patients. In this
analysis, after an average of 36-month follow-up, total
mortality (odds ratio=0.80 [0.66, 0.96: 95% confidence
interval]), cardiovascular mortality (odds ratio=0.78 [0.63,
0.96: 95% confidence interval]), and fatal reinfarction
(odds ratio=0.75 [0.59, 0.95: 95% confidence interval])
of rehabilitation group were lower than that of control
group. Oldridge et al. (1988) compared the total mortality,
cardiovascular mortality, and nonfatal recurrence of
myocardial infarction (MI) in exercise periods of less
than 3 months, 12 months, and 36 months. In their
study, the length of the exercise period correlated with
a decrease in total mortality and nonfatal recurrence
of MI. Therefore, it is important to assess the long-
term effects of exercise on aerobic capacity and coronary
risk factors in IHD patients, assuming those factors affect
total mortality and nonfatal recurrence of MI.

Several follow-up studies lasting 3 to 5 years have
focused on aerobic capacity (Ben-Ali et al., 1986; Hedback
and Park, 1987; Kellerman, 1973; Oldridge et al., 1978;
Perk et al., 1989), blood pressure (Heath et al., 1983;
Kallio et al., 1979; Perk et al., 1989), total cholesterol
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(TC) (Kallio et al., 1979), triglycerides (TG) (Kallio
et al., 1979), and smoking habits (Kallio et al., 1979;
Perk et al., 1989). However, it should be noted that
most of these have used the study design of pre-post
evaluation. Data regarding the change over time of aerobic
capacity and coronary risk factors have not yet been
obtained. Moreover, to our knowledge, no long-term
trials have reported on the changes in body composi-
tion and high-density lipoprotein cholesterol (HDLC)
associated with regular involvement in aerobic exer-
cise.

With the above in mind, this study was undertaken
to investigate the change in aerobic capacity and coronary
risk factors over a 36-month exercise program in women
with [HD.

Methods

Subjects

Twenty-one women with IHD began the study. How-
ever, 10 women progressively dropped-out from the study
before completing the program (Fig. 1). None of these
patients left the study because of clinical problems.
Full 36-month program was completed by 11 patients
(age: 55.3 £ 10.1 years). We considered only those
subjects who completed the full 36-month program in
the analysis.

Table 1 profiles the baseline characteristics of the
study group. Of the 11 patients, two were diagnosed
as having had a myocardial infarction, while the 9 were
diagnosed with stable angina pectoris. Patients were
diagnosed with IHD if they met two or more of the fol-
lowing criteria: (1) a history of chest pain consistent
with THD, (2) a coronary angiogram consistent with IHD,
and (3) electrocardiographic changes consistent with
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Fig. 1 The number of patients who dropped out
from 36-month exercise program in women with
ischemic heart disease.

IHD including 24-hour Holter monitoring. The cardiac
function of these patients corresponded to I or II in
the functional class of New York Heart Association. Eight
women underwent coronary angiography and 2 under-
went aortocoronary bypass surgery. All patients were
taking one or more medications for IHD such as cal-
cium antagonists, beta-adrenergic blocking agents,
nitrates, and antihypertensive agents before starting
the exercise program, but the regimens were not sig-
nificantly altered in any of the patients during the study.
All such medications were not taken on the day of testing
to prevent interference with the assessment of cardio-
vascular function during exercise, resting BP and serum
lipids.

None of patient had a smoking habit before start-
ing the exercise program. None of the patients were
exercising regularly before beginning the study. In-
formed consent was obtained from each patient.

Assessment of aerobic capacity and coronary risk
factors

All variables were measured at the beginning of
the study and after 4, 8, 12, 24, and 36 months of exercise
program.

Body composition: Body density (Db) was mea-
sured with a portable four-terminal bio-impedance
measurement system (Selco SIF-891, Yokohama, Japan).
The Db was estimated from the following empirically
derived equation developed by Nakadomo et al. (1990)
for Japanese women: Db=1.1628 — 0.1067 (Wt - Z/Ht?),
where Wt is body weight (Wt) in kilograms, Z is im-
pedance in ohms, and Ht is body height in centimeters.
The percentage body fat (% BF) was derived from Db
according to the equation described by Brozek et al.
(1963). Fat-free weight (FFW) was calculated as the
difference between Wt and BF. We also measured skinfold
thickness using an Eiyoken-type skinfold caliper at 4
sites: the triceps, subscapular, suprailiac, and umbili-
cal regions.

Aerobic capacity: Oxygen uptake corresponding

Table 1 Physical characteristics of
women with ischemic heart disease
who completed the full 36-month
exercise program

Variables Mean + SD
Age (yr) 55.3 £10.1
Height (cm) 151.3 4.6
Weight (kg) 56.6 +9.9
Body Mass Index 24.8 £4.8
Name of diseases Number
Myocardial infarction 2
Stable angina pectoris 9
Total 11
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to lactate threshold (VOZLT) and peak oxygen uptake
(VOZpeak) as an index of aerobic capacity were deter-
mined during a graded exercise test, using a Monark
cycle ergometer. Following 2 minutes of warming-up
at 0 watt, the work rate was increased every minute
by 15 watts until exhaustion or symptom-limited maximal
exercise level was reached. The frequency of pedal-
ing was 60 revolutions per minute. During exercise,
expired air was analyzed continuously for O, and CO,
using standard techniques of open-circuit spirometry
with the Fukuda Sangyo 1S-6000 system. VOZLT was
defined as the VO, corresponding to the point at which
blood lactate concentration exhibited a systematic
increase above a resting base-line value (Beaver et al.,
1985). To determine the LT, blood samples of 0.5-1.0
ml were taken from an antecubital vein through an
indwelling needle every minute. All blood samples were
analyzed by the electrochemical enzymatic method using
a Yellow Springs lactate analyzer (Model 23L). For es-
tablishing the LT, the log [VO2]—10g [la] transformation
method was used (Beaver et al., 1985).

Resting heart rate and blood pressure: Heart rate
(HR) was recorded at rest by an electrocardiograph
and resting systolic (BPs) and diastolic (BPd) blood
pressures were measured by a mercury manometer fol-
lowing 15- to 20-min rest on a chair before.conducting
any measurements.

Serum lipid and lipoproteins: All patients were
asked to abstain from alcohol on the day before test-
ing and to fast for 12 hours before coming to the hospital.
Blood samples were taken at rest from the antecubital
vein before the exercise test. After centrifuging the
blood sample, blood serum was taken. Then TC and
TG were analyzed by enzymatic methods. HDLC was
determined in the supernatant after manganese-hep-
arin precipitation. LDLC was calculated from the
Friedewald’s equation (1972), i.e., LDLC=TC — HDLC
— TG/5. The ratio of LDLC to HDLC (LDLC/HDLC)
was also calculated.

Exercise training program

The exercise training program consisted of two
components, i.e., supervised exercise program and home-
based exercise program as reported previously described
by Tanaka et al. (1992, 1993). Exercise program con-
sisted of aerobic and large muscle group dynamic type
activities such as stationary cycling, ground walking,
jogging, ball games, rhythmic dance, or light muscle
strength training. The intensity of exercise was set
at an individually determined LT level, i.e., work rate
(WR), HR and/or ratings of perceived exertion (RPE)
corresponding to LT were prescribed for all patients.
After starting exercise program, the LT levels of all
patients were measured at 4, 8, 12, 24, and 36 months
and the intensity of exercise was set at a new LT level.

The relative exercise intensity was almost constant,
i.e., 60 to 70% of VO,peak for 36 months. This pro-
cedure enables each patient to exercise continually
at her LT level during the entire study period. Dur-
ing exercise, WR, HR, or RPE as indices of exercise
intensity were periodically checked and adjusted if
necessary. In the home-based exercise program, patients
were asked not to exceed thier prescribed LT level
to ensure safety. The duration of exercise was 1 hour
per session in the supervised program and 15 to 60
minutes in the home-based program, depending on the
patient’s motivation. The frequency of exercise was
1 to 2 times per week in the supervised program and
0 to b times per week in the home-based program.
The type, intensity, and duration of exercises conducted
in the supervised programs were recorded in a diary
by the investigators and those in the home-based
exercise by the individual subjects. The mean values
and standard deviations of aerobic type exercise du-
ration were 24.0 £ 11.6 minutes per day for 36 months.
This duration of exercise was almost constant in all
subjects during the 36 months.

Statistical analysis

One-way repeated-measures analysis of variance
was used to test the significance of differences during
the 36-month exercise program for each variable. Schefee
F-test was used for the variables which significant dif-
ference was found after analysis of variance. Since age
range of sample is large in this study, Pearson prod-
uct-moment correlation coefficients was used to evaluate
linear relationships between the age and the absolute
amount of change in each variable. P values less than
0.05 were considered as statistically significant. All
values in Tables and Figures are expressed as the mean
+ the standard deviation.

Results

The mean and the standard deviation of all test
variables are shown in Table 2.

Changes in variables during 36-month exercise
program

Body composition: A significant decrease in Wt
was found at month 4, while improvements in %BF (Fig.
2), FW, and FFW were not significant. The sum of the
4 skinfold thickness significantly decreased at month
8. However all anthropometric variables returned to
their initial levels at month 36.

Aerobic capacity: During the 36 months of exer-
cise program, the largest increase in VOZLT (28.6%)
was observed at month 4 (Fig. 3). Although no fur-
ther increase (P > 0.05) in VOZLT was found after that,
the increased level was maintained for the rest pe-
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Table 2 Changes in selected variables in 11 womens with ischemic heart disease over the 36-months exercise program

Variables pre 4 mo 8 mo 12 mo 24 mo 36 mo
Wt (kg) 515+42  507+37a 503+44a 503+47a 5l1+47 509+ 48
%BF (%) 308+62  286+45  293+40  9283+49  287+62  32.3+ 6.7bd
FW (kg) 158+ 3.5 144+23 14.7 + 2.9 142+ 2.9 148+389  167+47d
FFW (kg) 355+ 45  362+38  356+40  360+38  863+3.4 347+ 4.2bde
f,‘ﬁ?;k‘;fei;ks“ggﬁ) 93.2+21.1  81.9+15.7 753 +148a  77.0 +14.6a  82.1 £17.1  83.7 +18.8
VO,LT (mlkg/min)  12.6 £ 3.0 162+ 4.1a 172+386a 165+3.0a 157+ 3.1a 154+ 3.4ac
VOpeak (mlkg/min) 17.5+ 4.0 225+ 6.9a 240+6.2a 23.9+50a 23.6+59 254+ 43a
BPs (mmHg) 141.3 +12.4 1275 +143a  127.6 +12.8a 130.1 +13.4  131.5+15.0  130.8 +11.3
BPd (mmHg) 88.4+122  795+93a 803+ 73a  82.1+80a 857+ 7.5cd 84.4 + 6.7ac
TC (mg/dl) 2006.3 +33.6  210.0 +25.5  204.6 +31.0  216.3 +35.1  219.2 +27.8  209.9 +27.3
HDLC (mg/dl) 543 +11.8  51.7+10.9 544+ 99  568+82  63.4+104a  64.6 + 9.2a
LDLC (mg/dl) 1315 £34.3  142.9 +28.6  136.6 +31.5  138.8 +27.5  141.8 £32.0  126.0 +37.3
TG (mg/dl) 99.4 +55.7  76.5+38.3a  68.5+21.4a  62.94+28.0a 7124342 7154358
Al (LDLC/HDLC) 2.6+ 0.9 3.0+ 1.3 2.6+ 0.8 25+ 0.7 23+08 1.8+ 0.9a

Data were presented as mean value + standard deviation. a: significantly different from pre value; b: significantly dif-
ferent from 4-month value; c: significantly different from 8-month value; d: significantly different from 12-month value;

e: significantly different from 24-month value.
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Fig. 2 Changes in %BF during 36-month exercise
program. * significantly different from 0-month
value.

riod of the exercise program. Similarly, the VOzpeak
(28.6%) showed the largest increase at month 4 (Fig.
3).

Blood pressure: BPs and BPd decreased to nor-
mal levels at month 4 and the decreased levels were
maintained after that (Fig. 4).

Blood liprds and lipoproteins: HDLC showed a
statistically significant increase at month 24 (Fig. 5).
The increased HDLC levels were maintained up to month
36. The largest decrease in TG was found at month 4,
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Fig. 3 Changes in VOZLT and VOZpeak during 36-
month exercise program. * significantly different
from 0-month value.

while the lowest mean value of TG was observed at month
12 (Fig. 6). TC and LDLC did not change significantly
during the entire study period, while LDLC/HDLC sig-
nificantly decreased at month 36.

Relationship between age and the absolute amount

of change
A significant relationship between age and the
absolute amount of change in TG (r = — 0.47) was found

with no relationships for other variables.
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Fig. 4 Changes in BPs and BPd during 36-month
exercise program. * significantly different from
0-month value.
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Fig. 5 Changes in HDLC during 36-month exercise
program. * significantly different from 0-month
value.

Discussion

The present investigation examined the long-term
effects of exercise program on aerobic capacity and
coronary risk factors in women with THD. In particu-
lar, a focus was on the time course of change in these
variables over the 36-month study period. One of the
principal findings of our study is that aerobic capac-
ity, BP, and TG improved within 4-8 months of exercise
program. Our observed improvements in these vari-
ables induced by several months of exercise program
are consistent with previous studies (Clausen, 1976;

Exercise training period (mo)

Fig. 6 Changes in TG during 36-month exercise
program. * significantly different from 0-month
value.

Detry et al., 1971; Heath et al., 1983; Juneau et al.,
1987; LaRosa et al., 1982; Oldridge et al., 1988; Schuler
et al., 1988; Verani et al., 1981). However, it is inter-
esting to note that no further improvements in these
variables were found during the subsequent period of
maintained exercise in our study.

Exercise training altered the body composition of
patients within 8 to 12 months. However, %BF returned
to initial levels after 36 months. Food intake was not
restricted and the amount of exercise was almost con-
stant during the 36 months in our study. Therefore,
we assume the increase in %BF observed at month 36
is accounted for by the increase in food intake after
month 24. In fact, some patients reported increased
intake of diet during this period. These results sug-
gest the difficulty of maintaining or further improving
body composition by exercise intervention alone. Dietary
intervention is needed in conjunction with exercise
program, in order to see further improvement in body
composition, if the periods of exercise exceeds 12
months.

The most interesting finding in this study is that
HDLC improved at month 24 with no further change
after a subsequent period of maintained exercise. An
increase in HDLC after a period of exercise has been
frequently reported in men with IHD patients (Ballantyne
et al., 1982; Hartung et al., 1981; Heath et al., 1983;
Streja and Mymin, 1979). For instance, Streja and Mymin
(1979) reported a significant increase in HDLC after
walking or jogging of 20 - 30 minutes at an intensity of
70 - 856% HRmax, 3 times per week, for 3 months in
previouly sedentary men with IHD. It has been pointed
out that a larger dose of exercise would be required in
women to produce significant increases in HDL.C (Haskell,
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1991). Our results agree with the previous finding that
the amount of exercise required to get consistent in-
creases in HDLC in women is greater than that required
for men. This discrepancy between the sexes may in-
volve different hormone profiles which affect the initial
level of (Brunner et al., 1993) and the exercise-medi-
ated changes in HDLC (Haskell, 1991). The increase
in HDLC is very important in IHD patients because of
protective role of HDLC against atheroscrerosis (Gor-
don et al., 1977). No significant changes were observed
in TC and LDLC during the entire study period in this
study. The content and volume of food intake (Wood
et al., 1988), the volume of exercise (Hurley, 1989),
initial levels of TC and LDLC (Haskell, 1991), and
medications affect the change in TC and LDLC. On
average, only 1 kg decrease occurred in Wt. There-
fore, it might be needed to decrease the large volume
of body fat by conjunction with dietary intervention.

The amount of exercise may affect the variation
over time of aerobic capacity, BP, body composition,
blood lipid and lipoproteins, implying that further al-
terations in these variables would result if the amount
of exercise had been increased at month 8 or 12. In
the present study, the intensity of exercise was increased
after 4 and 8 months, but it was subsequently unchanged,
as the intensity of further exercise depended upon the
level of VOzLT. Increasing the intensity of exercise
after 8 months may be difficult, as the LT level can be
considered aerobically metabolized intensity.

The present study is limited by the absence of control
groups to show the effects of increasing exercise in-
tensity with increasing aerobic capacity during the test
period and no control groups showing the effects of
stopping exercise after 12 months or a similar period.
Further, a large number of original groups did not
complete the study. Again these patients all left the
study for personal reasons, rather than clinical diffi-
culties. Age range of this small sample is also large.
Therefore, we analyzed the relationship between age
and the absolute amount of change in each variable.
As the results, a significant relationship was found in
only TG, although a significant reduction of TG after
exercise program was frequently reported in young
women (Farrell and Barboliak, 1980) and older women
(Seals et al., 1984). The resulting small sample size
and a large range of age make the statistical signifi-
cance of our results difficult to interpret.

Although these limitations exist, this is a carefully
conducted study on the effects of a 36-month exer-
cise program in a total of 34 women with THD.
Furthermore, as the most of exercise took place un-
der our direct supervision, we could measure the amount
of exercise in these individuals precisely. The quan-
tification of exercise in studies involving human subjects
is often problematic.

From this study, it is surmised that the most of
beneficial effects of exercise on aerobic capacity and
coronary risk factors in women with IHD are observed
within 4 to 8 months, with some further improvement
seen with continued exercise up to 24 months. No further
improvement in these characteristics may occur beyond
a 24-month period of exercise. Future controlled in-
vestigations involving larger samples are needed to further
elucidate the effects of exercise over time in aerobic
capacity and coronary risk factors in women with IHD.
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