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The concentration of high-density lipoprotein cholesterol (HDL-C) is inversely correlated with the risk of coronary heart
disease. The effects of low-intensity aerobic training on serum HDL-C and other lipoprotein concentrations were examined in
healthy elderly subjects. The subjects were randomly assigned to two groups matched for sex, age, height, and weight. The
training group (n = 20, 10 men and 10 women aged 67 + 4 years) participated in a supervised physical exercise regimen using
a bicycle ergometer at an intensity of 50% estimated maximal oxygen consumption {Vo,max] for 60 minutes two to four times
per week for 5 months. In contrast, the control group {n = 20, 10 men and 10 women aged 68 + 4 years) did not perform any
particular physical training. The training protocol resulted in significant increases in the Voomax (P < .05), HDL-C, HDL,-C, and
HDL,-C/HDL;-C ratio {P < .01). The change in HDL,-C (r = .57, P < .01) and HDL,-C/HDL;-C (r = .63, P < .01) was positively
associated with an increase in the total exercise duration per week. In addition, the total weekly exercise duration also showed
a significant positive relationship with HDL-C (r = .75, P < .01), HDL,-C (r = .81, P < .01), and HDL,-C/HDL;-C (r = .71, P < .01)
after the training period. The changes in body weight and the Vo,max were not significantly correlated with any lipid
parameters. Low-intensity aerobic training may improve the profile of HDL-C and its subfractions in healthy elderly subjects.

Also, the total exercise duration may be an important factor for improving HDL-C and HDL,-C in elderly subjects.
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IGH PLASMA LEVELS of high-density lipoprotein cho-
lesterol (HDL-C) are believed to protect against the
development of coronary heart disease.!> HDL-C is composed
of HDL,-C and HDL;-C subfractions. Epidemiological studies
have shown that the HDL,-C subfraction is most inversely
associated with a reduced risk of coronary heart disease.3*
Several cross-sectional studies have demonstrated that elite
endurance runners’®’ and physically active people®® have a
higher level of HDL,-C than sedentary people. Numerous
studies have been reported regarding the effects of aerobic
training on HDL-C subfractions in young'® and middle-
aged!!'13 gubjects. These reports all indicated that HDL,-C can
be maintained at high levels with an improvement in regular
physical activity, which is thus considered a necessary and
important component of coronary heart disease prevention.
Nevertheless, there is little information on the effect of
aerobic training on HDL-C subfractions in elderly subjects.!-20
Previous reports have noted that high-intensity training may
improve HDL-C subfraction profiles. However, there are no
data on the effect of low-intensity endurance training on HDL-C
subfractions in elderly subjects. In this study, we investigated
the effects of low-intensity aerobic training on serum lipid and
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lipoprotein concentrations in healthy elderly subjects, espe-
cially regarding the HDL-C subfraction profiles.

SUBJECTS AND METHODS

Subjects

Forty healthy elderly Japanese subjects (20 men and 20 women)
participated in the study. The mean age was 67 years (range, 60 to 77).
The health status was evaluated by a physical examination including
blood pressure measurement, routine blood analyses, and an electrocar-
diogram. Individuals were excluded from the study if they had any
medical problems that could interfere with performance of the exercise
program.

The subjects were randomly assigned to the training group and
control group matched for age, height. and weight. Each group
consisted of 10 men and 10 women. The training group accepted the
following criteria: (1) the total exercise duration per week was fixed
during the training period. and (2) no change in regular physical activity
was allowed. None were taking medications known to ifluence lipid or
lipoprotein metabolism. The control group did not perform any
particular physical training. All subjects were advised to maintain their
previous lifestyle throughout the study period. including diet, alcohol
consumption, and regular physical activity. Informed consent was
obtained from all subjects after an explanation of the design and
purpose of the study.

Diet Evaluation

Subjects in the training group were instructed to record their dietary
intake for 3 days, including 1 weekend day, before and after the training
period, with a questionnaire and interview methods by a nutritionist.

Determination of Exercise Intensity and Training Methods

The estimated maximal oxygen consumption (Vo,max) was deter-
mined by the modified?’ method of Astrand and Ryming,?? which
measures the heart rate at three different submaximal workloads using
an electric bicycle ergometer (ML-1400; Fukuda Electronic, Tokyo,
Japan). The exercise intensity for each subject in the training group was
set at 50% Vo,max from the estimated Vo,max. Subjects in the training
group exercised for 60 min/d two to four times per week for 5 months
on the electric bicycle ergometer (FFS; Bridgestone Cycle, Tokyo,
Japan). After every session of 30 bouts of exercise training, each subject
underwent a submaximal exercise test to readjust the 50% Vozmax
intensity level.
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TRAINING EFFECT ON HDL-C IN ELDERLY SUBJECTS

The total exercise duration per week mainly consisted of tramning on
the bicycle ergometer (mean duration per week, 192 * 32 minutes)
under the supervision of either an exercise physiology specialist or a
nurse and other regular supplementary low-intensity exercises (four
men and three women: mean duration per week, 74 = 47 minutes).
including walking and social dancing, that corresponded to the meta-
bolic rate at 50% Vo,max. None of the subjects engaged in any heavy
regular physical activity.

Blood Sampling and Morphological Measurements

Blood for lipid and lipoprotein measurements was collected in the
early morning by venipuncture from an antecubital vein after at least 12
hours of fasting. The serum was recovered following centrifugation at
3,000 rpm for 15 minutes and then stored at 4°C. All analyses were
completed within 48 hours. Total cholesterol and triglyceride concentra-
tions were determined by the enzymatic method.”? HDL-C was
quantified by the heparin-manganese precipitation method.”* HDL-C
subfractions were separated by preparative ultracentrifugation.”> The
HDIL,-C subfraction was calculated as the difference between total
HDL-C and HDL;-C. Low-density lipoprotemn cholesterol (LDL-C)
was calculated according to the method of Friedewald et al.?® Percent
body fat was estimated based on the sum of triceps and subscapula
skinfolds measured with a skinfold caliper’” using the formula of
Brozek et al.® The waist circumference was measured at the narrowest
point between the rib cage and the iliac crest. and hip circumference was
measured at the level of the greater trochanter. The waist to hip ratio
(WHR) was used as an index of upper-body or abdominal obesity.

Statistical Analysis

We combined the data from both sexes. because lipoprotein levels at
baseline and changes in these parameters with endurance training did
not significantly differ between the sexes by analysis of covariance. All
data were analyzed using JMP statistical software (SAS Institute, Cary,
NC). An unpaired Student ¢ test was used to evaluate group differences
in baseline and endpoimnt measures. A two-factor repeated-measures
ANOVA was used to determine the effect of exercise on the changes in
outcome variables. When F ratios were significant, a Tukey multiple-
comparison test was used to identify significantly different pairs of
mean values. A simple linear regression analysis was used to determine
the relationships among body weight, percent body fat reduction, total
exercise duration per week (corresponding to 50% Vo,max), and lipid
metabolism. Statistical significance was set at a P level less than .05.
The data are presented as the mean =+ SD.

RESULTS

Table 1 lists the physical features of subjects in both groups.
No significant differences were found for any characteristics
between the training and control groups before the training
period. The mean total exercise duration (corresponding to 50%
Vo,max) in the training group was 218 * 57 min/wk. In the
training group, body weight and percent body fat did not change
significantly. A significant increase was found for the Vo,max
(P < .01) in the training group. There was no change in the blood
pressure and WHR in the training group, and no significant changes
were found for any of these parameters in the control group. Total
energy consumption (1,828 =+ 316to 1,775 = 73 kcal/d) and protein
(64.6 = 12.1 to 66.8 + 13.9 g/d), fat (40.6 = 12.6 to 464 =21.7
g/d), and carbohydrate (278.7 = 61.3 to 247.1 = 39.5 g/d)
intake were not significantly different at baseline versus the
endpoint of training in the training group.

Serum lipid and lipoprotein concentrations and the athero-
genic index in the training and control groups before and after
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Table 1. Body Characteristics, Blood Pressure, and Vozmax Before
and After Training

Training Group
(n=20)

Control Group
(n = 20)

Parameter Before After Before After

Body weight (kg) 53.3*+61 529+6.0 561x77 55068

BMI (kg/m?) 220+23 21820 227x28 225+24
Body fat (%) 207+9.0 198x67 214x92 20474
WHR 0.86 = 0.07 0.89 = 0.07 0.89=0.06 0.91=*0.06
SBP (mm Hg) 142+22 140x19 145+24 138+19
DBP {mm Hg) 83+ 11 81 =11 8312 799

Vomax (mL/kg/min) 29.8 57 318 £54* 305+78 30.0=63

NOTE. Values are the mean =+ SD.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood
pressure.

*P <.01, before v after

the training period are shown in Table 2. There was a significant
increase in HDL-C, HDL,-C, and the HDL,-C/HDL;-C ratio
(P < .01) and a significant decrease in HDL;-C (P < .05) for
the training group after 5 months. The mean changes were 9.3%
for HDL-C, 21.6% for HDL,-C, and 39.3% for the HDL,-C/
HDL;-C ratio. The training group showed a significantly higher
HDL-C, HDL,-C. and HDL,-C/HDL;-C ratio (P < .05) com-
pared with the control group after 5 months. No significant
change was observed for any other parameters in the training
group or control group.

The total exercise duration per week correlated positively
with the change in HDL,-C (r = .57, P < .01) and the HDL,-C/
HDL;-C ratio (r = .63, P < .01) in the training group following
the 5-month training period (Fig 1). The changes in body
weight. percent body fat, and the Vo,max were not significantly
correlated with any lipid parameters in the training group (data
not shown).

The total exercise duration per week also showed a signifi-
cantly positive relationship with HDL-C (r = .75, P < .01) and
HDL,-C (r = .81, P <.01) levels and the HDL,-C/HDL;-C

Table 2. Lipid and Lipoprotein Concentrations Before
and After Training

Control Group
(n = 20}

Training Group
(n = 20)

Parameter Before After Before After

TC (mg/dL) 2037 =215 2122+ 249 2071 £31.2 2136 =374
LDL-C (mg/dL) 133.2 =219 1384 =187 1349+ 288 142.0 + 334

HDL-C(mg/dL) 513 =113 562+ 1397 497108 481+11.1%
HDL,C

{mgydL) 329+95 400+127f 315+95 320+ 10.0%
HDLs-C

{mg/dL) 18440 162+34% 183+29 175=30
TG {mg/dL) 848+277 877300 108.0+440 111.7 + 54.1
TCHDLCratio 417 =111 394+078 422%096 4.48+091
I.DL-C/HDL-C

ratio 276095 260+067 278+085 299+0.79
HDL-C/HDL,-C

ratio 1.83+0.63 255+ 1.03f 174+051 1.83+0.63%

NOTE. Values are the mean = SD.

Abbreviations. TC, total cholesterol; TG, triglycerides.

*P <.05, before v after.

TP < .01, before v after.

1P < .05, training group v control group during the same period,
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Fig1. Relationship between the changes in HDL,-C and the HDL,-C/HDL,-C ratio and the total exercise duration per week in the training group

following 5 months of training.

ratio (r = .71, P < .01) (Fig 2), while a negative relationship
was observed for the LDL-C/HDL-C ratio (r = .51, P < .05) in
the training group after the training period. No significant
relationship was observed between the body weight or percent
body fat reduction and the level of any lipid parameter in the
training group after the training period (data not shown).

DISCUSSION

Five months of supervised low-grade training at an intensity
of 50% Vo,max by healthy elderly subjects significantly

increased HDL-C and HDL,-C levels and the HDL,-C/HDL;-C
ratio. The changes in HDL,-C (r = .57, P <.0l) and the
HDL,-C/HDL;-C ratio (r = .63, P < .01) were positively asso-
ciated with an increase in the total exercise duration per week.
These findings thus suggest that elderly subjects show a clear
improvement in HDL-C subfractions after low-intensity endur-
ance training.

Several longitudinal studies have reported a significant
increase in HDL-C after endurance training in elderly sub-
jects,19.2029-32 byt others have not.!93335 The reason for this
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cise duration per week in the
training group after the training
period.
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discrepancy is most likely related to the exercise intensity or
duration, changes in body weight, and pretraining HDL-C
levels. Previous studies implied that vigorous exercise leads to a
more favorable effect on serum lipid and lipoprotein concentra-
tions. We previously observed a significant increase in HDL-C
after 9 months of exercise for 30 min/d three to six times per
week at low-intensity aerobic training without a weight reduc-
tion in elderly patients.?® These studies suggested that if the
exercise duration per week during the training period is longer,
then HDL-C may even be increased by low-intensity training in
elderly subjects. The present study thus confirmed the hypoth-
esis that low-intensity training can induce an increase in
HDL,-C in healthy elderly subjects. All elderly subjects in the
training group completely and continuously performed exercise
for 60 minutes per session, since the training intensity was low.
Usually. they enjoyed watching television and talking during
exercise. We believe that this volume of exercise is feasible in
elderly subjects. In fact, most of the subjects continue to
perform a similar volume of exercise after this experiment. In
the study reported by Sasaki et al'® in which low-intensity
exercise at the lactate threshold was prescribed for middle-aged
patients with essential hypertension, a significant increase in
plasma HDL,-C, but not total HDL-C, was observed as a result
of training on a bicycle ergometer for 60 min/d three times per
week for 10 weeks. Nye et al’? showed a significant increase in
HDL,-C and decrease in HDL;-C after moderate exercise
training in previously sedentary men. Ballantyne et al'! showed
that the increase in HDL-C is mainly attributable to an increase
in the HDL, subfraction by moderate physical exercise. Despres
et all’ studied exercise training in obese women and found a
significant increase in HDL,-C and the HDIL,~-C/HDL;-C ratio
and a decrease in HDL;-C, but no change in total HDL-C, with
exercise at less than 55% Vo,max four to five times per week
for 14 months. These data are analogous to the results of the
present study in elderly subjects.

It is well known that the improvement in lipid and lipoprotein
profiles with endurance training is normally associated with a
significant body weight reduction.!>3436-3 However, the previ-
ous studies that demonstrated an improvement in lipid and
lipoprotein profiles with a significant reduction in body weight
were mostly based on obese subjects (body mass index
[BMI] > 29 kg/m? and/or body fat > 30%). Nicklas et al*
showed that endurance exercise training without a weight loss
increases HDL-C and HDL,-C levels in lean (BMI, 25 = 1
kg/m?) and moderately obese (BMI, 29 = 1 kg/m?) middle-
aged and older men, but not in obese (BMI, 33 = 2 kg/m?) men.
Thompson et all” reported that exercise training without a
weight loss increased serum HDL-C and HDL,-C in overweight
men (BMIL, 28.1 * 2.5 kg/m?). In non-obese subjects, improve-
ment in lipid and lipoprotein profiles, especially the HDL,-C
subfraction, has also been observed in the absence of either a
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body weight or percent body fat reduction.!1316 In the present
study, favorable changes in HDL-C and HDL,-C levels and the
HDL,-C/HDL;-C ratio were observed without a reduction in
either body weight or percent body fat in elderly subjects
following low-intensity training for 5 months. Moreover, no
significant relationship was observed between the reduction in
body weight and/or percent body fat and the change in any lipid
or lipoprotein parameters.

The total exercise duration per week correlated positively
with the changes in HDL,-C and the HDL,-C/HDL;-C ratio,
while the changes in body weight, percent body fat. and the
Vosmax were not significantly correlated with any lipid param-
eters. It seems that the total exercise duration per week may thus
better reflect favorable changes in the lipid and lipoprotein
profiles in non-obese elderly subjects. Furthermore, in the
present study, a significantly positive relationship was observed
between the total exercise duration per week and total HDL-C,
HDL,-C, and the HDL,-C/HDL;-C ratio after the training
period. Our results thus agree with the finding of a positive
relationship between the running distance per week and plasma
HDL-C and/or HDL,-C concentrations in previous studies.*
Kokkinos et al* reported a dose-response relationship between
HDL-C levels and running miles per week at mild to moderate
intensity in middle-aged men, and Williams* showed that
HDL-C levels increased significantly in relation to the number
of running kilometers per week in premenopausal female
recreational runners. Our results therefore strongly support the
proposition that increased physical activity improves total
HDL-C and the HDL-C subfractions.

Several of the physiological mechanisms by which exercise
training improves the HDL,-C subfraction have been described
in previous reports. Lecithin cholesterol acyltransferase (LCAT)
and lipoprotein lipase (LPL) are important for converting
HDL;-C to HDL,-C, and hepatic triglyceride lipase (HTGL) is
involved in converting HDL,-C to HDL;-C.* Since LCAT and
LPL activity have been shown to increase while HTGL activity
decreases with exercise training,**® the same phenomenon
most likely occurred in our elderly subjects.

The findings of the present study thus suggest that low-
intensity aerobic training improves serum lipid and lipoprotein
concentration profiles, especially the HDL-C subfraction pro-
file, in healthy elderly subjects. Moreover, the total exercise
duration per week was also identified as an important factor for
improving HDL-C and HDL,-C levels.
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