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EFFECTS OF EXERCISE ON FREE SERUM CHOLESTEROL

D. L. MONTGOMERY, Ph.D.* and A. H. ISMAIL, Ph.D.

Department of Physical Education,
Purdue University, West Lafayette,

Indiana, 47907 U.S.A.

ABSTRACT

Two age groups (young and old, n = 12) matched for physical fitness and two physical fitness groups (high and old,
n = 12) matched for age participated in a four month physical fitness programme. Blood samples were drawn at four
stages of metabolic stress at the pre-test and five stages at the post-test. The blood samples were analyzed by
calorimetric methods for total cholesterol and free cholesterol. Statistical analysis revealed that: (1) Short-term exercise
increased total cholesterol, free cholesterol, and the percent free cholesterol from the resting state to the submaximal
and maximal exercise states. (2) There was no change in free serum cholesterol from the pre- to post-tests. (3) The
high-fit group, compared with the low-fit group, had a lower free cholesterol level but had similar percent free
cholesterol values. (4) There was no significant difference between age groups for either total serum cholesterol, free
cholesterol, or the percent free cholesterol levels.

INTRODUCTION

The association of hyperlipidemia with the athero-
sclerotic process is well documented in a wide range of
experimental animals (Clarkson, 1963) and in man
(Friedman, 1969). With increasing cholesterol concentra-
tion, there is an increased risk of coronary heart disease.
There is no evidence of a critical level of serum cho-
lesterol which separates high from low risk individuals.

Compared with other species, man has a high con-
centration of total cholesterol (Goodman, 1965). The
percentage of free cholesterol usually does not change
significantly even when the total cholesterol level is
considerably altered (Goodman, 1965). Free cholesterol
makes up about one-third of the total serum cholesterol,
while the remaining two-thirds is esterified with fatty
acids (Goodman, 1965). Since free cholesterol is more
atherogenic than cholesterol ester (Lacko et al, 1972),
the percentage of free serum cholesterol in conjunction
with the total cholesterol concentration is an important
factor in the development of atherosclerosis.

It appears that physical activity will reduce serum

cholesterol levels when there is a corresponding decrease
in the percentage of body fat weight (Campbell, 1966,
1968; Montoye et al, 1959; Tooshi, 1971). Also,
habitually active populations have lower serum cho-
lesterol levels than sedentary populations (Casdorph,
1972; Faulkner et al, 1969; Karvonen et al, 1961;
Lowenstein, 1964).

The purpose of the present investigation was to ob-
serve the effect of a four-month programme on the total,

free, and percent free serum cholesterol levels in high
and low fitness groups matched for age and weight, and
in young and old age groups matched for physical fitness
and weight.

METHODS

Twenty-four men ranging in age from 24 to 65 years,
were selected on the basis of age, weight and physical
fitness level from 100 men who participated in the
physical fitness programme at Purdue University, con-
sisting of calisthenics, jogging, and recreational activities
such as basketball, volleyball, swimming, squash, and
handball. The 24 men were selected so that there was a
young group (n = 12) and an older group (n = 12) which
were matched for weight and physical fitness. In addi-
tion, the same 24 men were divided into two physical
fitness groups using the test criterion of Ismail et al,
(1965), a 'low-fit' group and a 'high-fit' group (n = 12).
The two fitness groups were matched for age and weight.
All subjects had clinically normal serum glucose: 70 to
120 mg% (Harleco), and triglyceride: 30 to 200 mg%
(Oxford), levels.

The subjects were tested at the beginning and at the
end of the four-month fitness programme. Venous blood
samples were drawn at four stages of metabolic stress:
rest, submaximal exercise (10 minutes of treadmill
walking at 3 m.p.h. with the elevation increased by 2%
every 2 minutes), maximal exercise (running on a tread-
mill at 6 m.p.h. with the elevation increased by 2% every
2 minutes), and recovery, (15 minutes of rest following
the treadmill run). On the post-test, two blood samples
were drawn during maximal exercise, with the first
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blood sample taken at the same stress that corresponded
to the pre-test. The second blood sample was obtained
to reflect the new maximal level.

The biochemical variables were measured by colori-
metric methods. Serum triglycerides were measured ac-
cording to Oxford Laboratories Procedure.* Serum
glucose levels were measured according to a Harleco
Procedure.** The total cholesterol and free cholesterol
concentrations were measured by the Hycel Method.***

Data were analyzed by a factorial analysis of variance
with subjects grouped by age-fitness groups. The
Newman-Keuls analysis was used for mean comparison
whenever the analysis of variance results yielded sig-
nificance at a minimum of 0.10 level.

RESULTS

The means and standard errors of the variables used
to select the age and fitness groups are presented in

* Tri-glyceride determination, 'Tri-Chol Principle', Oxford
Laboratories, Foster City, Cal.

** Glucose determination, Harleco Inc., Philadelphia, Pen.
*** Cholesterol determination, Hycel Inc., Houston, Tex.
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Table 1. The young and old groups were matched for
weight and physical fitness. The high-fit and low-fit
groups were matched for weight and age. Both age
groups and both fitness groups improved significantly in
physical fitness level from the pre- to the post-tests. The
glucose levels were similar for both the young and old
groups and the high-fit and low-fit groups. There was a
significant difference in resting serum triglyceride levels
between the high-fit and low-fit groups.

The means and standard errors of the total serum
cholesterol, free cholesterol, and percent free cholesterol
for the two age groups and the two fitness groups are
presented in Tables 11, Ill and IV, respectively. The
percent free cholesterol values were obtained by:

Free Cholesterol x 100= Percent Free Cholesterol
Total Cholesterol

For the three biochemical variables, a pattern isshown
starting with a resting mean value that increases during
submaximal exercise, followed by further increases
during maximal exercise and decreases during the 15-
minute recovery period.

Table V shows the analysis of variance for the serum
total cholesterol, free cholesterol and percent free cho-

TABLE /
Pre- and Post-Programme Test Values (X and S.E) of the Selection

Variables for the Age and Fitness Groups (n = 12)

Selection Variable

Age (yrs.) Pre Test

Physical Fitness Score
Pre-Test
Post-Test
t

Weight (kg)
Pre-Test
Post-Test
t

Resting Serum Glucose (mg%)
Pre-Test
Post-Test
t

Resting Serum Triglyceride (mg%)
Pre-Test
Post-Test
t

Age Groups
Young Old
36.8 ± 1.7 52.9 ± 1.3

351.7 ± 15.5
374.3 ± 13.0

4.04*

80.8 ± 3.2
80.0 ± 3.0
1.33

89.8 i 1.2
89.3 ± 2.1
0.24

123.6 ± 20.8
112.6± 13.2
0.67

349.8 ± 23.5
383.9 ± 18.6

4.41*

76.9 ± 2.7
76.3 ± 2.9
1.62

91.4 ± 2.5
91.1 ± 2.6
0.09

125.8 ± 19.6
122.1 ± 16.0
0.42

Fitness Groups
High-Fit Low-Fit
44.4 ± 3.1 45.3 ± 2.6

404.9 ± 9.8
420.7 ± 8.0

3.33*

77.7 ± 3.0
77.2 ± 3.0
0.93

89.5 ± 2.1
88.6± 1.7
0.30

90.3 ± 7.7
92.8 ± 8.1

0.30

296.6 ± 12.7
337.5 ± 11.9

6.02*

80.0 ± 3.0
79.1 ± 2.9
1.96

91.8 ± 1.8
91.8 ± 2.8
0.00

159.1 ± 23.4
141.9 ± 16.1
1.06

* t (0.01 level, 1 1 df) = 3.1 1
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TABLE II
Pre- and Post-Programme Values (X and S.E.) of the Serum Total Cholesterol at Selected Metabolic Levels for the Age
and Fitness Groups (n = 12)
Metabolic Level Age Groups Fitness Groups

Young

242.7 ± 17.1
253.4 ± 17.0
280.4 ± 17.8
248.1 ± 16.5

234.1 ± 20.0
252.8 ± 21.5
276.1 ± 22.7
281.0 ± 22.4
246.3 ± 19.8

Old High-Fit Low Fit

230.8 ± 8.1
240.4 ± 8.8
262.0 ± 9.0
230.8 ± 9.0

229.8 ± 8.8
247.4 ± 9.0
271.0 ± 9.9
271.5 ± 9.8
244.3 ± 8.1

218.5 ± 9.4
229.7 ± 9.8
257.6 ± 8.9
222.8 ± 8.9

213.8 ± 9.5
235.9 ± 11.3
262.6 ± 11.4
264.7 ± 11.4
231.8 ± 9.9

255.0 ± 14.7
264.2 ± 14.9
284.8 ± 17.3
256.1 ± 15.5

250.1 ± 18.1
264.3 ± 19.5
284.5 ± 21.5
287.8 ± 21.1
258.7 ± 18.1

TABLE Ill
Pre- and Post-Programme Values (X and S.E) of the Free Serum Cholesterol at selected metabolic levels for the Age and
Fitness Groups (n = 12)
Metabolic Level

Young

59.0 ± 3.9
61.8 ± 4.0
69.3 ± 4.2
60.8 ± 4.5

55.1 ± 5.1
61.5 ± 5.9
69.0 ± 6.2
68.4 ± 6.1
59.1 ± 5.8

Age Groups
Old

Fitness Groups
High-Fit Low-Fit

54.3 ± 2.7
60.0 ± 2.9
67.8 ± 3.6
58.3 ± 3.2

52.8 ± 2.2
59.6 ± 2.6
65.8 ± 2.5
66.2 ± 2.0
58.3 ± 1.7

51.6 ± 2.5
55.0 ± 2.7
62.9 ± 2.6
54.5 ± 2.4

49.3 ± 3.1
56.7 ± 3.4
63.9 ± 3.4
63.8 ± 3.3
54.9 ± 3.1

61.7 ± 3.5
66.8 ± 3.3
74.3 ± 4.3
64.7 ± 4.5

58.6 ± 4.3
64.4 ± 5.3
70.8 ± 5.6
70.8 ± 5.3
62.4 ± 4.9

TABLE IV

Pre- and Post-Programme Values (X and S. E) of the Percent Free Serum Cholesterol at selected metabolic levels for the
Age and Fitness Groups (n = 12)
Metabolic Level Age Groups Fitness Groups

Young

Pre Test
Rest
Submax
Max I
Rec

Post Test
Rest
Submax
Max I
Max II

Rec

24.5 ± 0.7
24.6 ± 1.0
25.0 ± 0.9
24.6 ± 0.9

23.3 ± 0.6
24.1 ± 0.8
24.9 ± 0.8
24.2 ± 0.7
23.9 ± 0.8

Old

23.5 ± 0.8
25.0 ± 0.8
25.8 ± 0.9
25.2 ± 0.8

23.0 ± 0.6
24.0 ± 0.4
24.3 ± 0.6
24.5 ± 0.6
23.9 ± 0.5

High Fil

23.6 ± 0.6
24.1 ± 0.9
24.5 ± 0.7
24.6 ± 0.9

22.8 ± 0.7
23.9 ± 0.7
24.3 ± 0.7
24.1 ± 0.7
23.6 ± 0.6

t Low-Fit

24.3 ± 0.8
25.5 ± 0.8
26.3 ± 1.1
25.3 ± 0.8

23.5 ± 0.6
24.2 ± 0.6
24.9 ± 0.6
24.7 ± 0.6
24.3 ± 0.7

Pre Test
Rest
Submax
Max I
Rec

Post Test
Rest
Submax
Max I
Max II
Rec

Pre Test
Rest
Submax
Max I
Rec

Post Test
Rest
Submax
Max I
Max II
Rec
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lesterol. The ANOVA technique was used to determine
the significant changes, if any, between fitness groups
(high versus low), between age groups (young versus old)
between tests (pre versus post), between metabolic
stages (rest, submaximal, maximal and recovery), and
between the interactions of the various factors. For each
of the three biochemical variables, two ANOVA tables
are presented in Table V. The first ANOVA table utilizes
the maximal I level of exercise, while the second
ANOVA table utilizes the maximal 11 level of exercise.
On the pre-test, there was only maximal I exercise,
whereas on the post-test, maximal I exercise corres-
ponded to the same exercise level as in the pre-test,
while maximal 11 exercise indicated the new maximal
level. At the post-test, maximal I exercise actually repre-
sented a high submaximal exercise level. It is necessary
to present two ANOVA tables for each biochemical
variable so that the degrees of freedom for the F tests
would not be fictitious as would be the case if five
metabolic levels were used and maximal I was repeated
in the pre-test to correspond with maximal 11 in the
post-test.

For total chlesterol, the effect of metabolic levels was
significant at the 0.01 level. There was a significant
increase in serum total cholesterol from the resting state
of the submaximal exercise, and a further significant
increase during maximal exercise with a significant de-
crease during the recovery period. The interaction of
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tests by metabolic stages (TM) was significant at the
0.10 level. In the post-test, the resting serum total cho-
lesterol was lower than at the pre-test whereas at all
other stages of exercise, the post-test total cholesterol
concentration was higher than the pre-test total cho-
lesterol concentration.

The interaction of fitness groups by metabolic stages
(FM) was significant at the 0.10 level using the meta-
bolic stages that included maximal I exercise but was not
significant using the metabolic stages that included maxi-
mal 11 exercise. The significant interaction using maxi-
mal I exercise but insignificant interaction using maxi-
mal 11 exercise was possibly related to the amount of
time run on the treadmill by the high and low fitness
groups. The longer the time run on the treadmill, the
more time that is allowed for lipids to be mobilized from
the tissues. Since the high-fit group compared to the
low-fit groups (15.40 min. versus 5.67 min.) ran for a
longer time on the treadmill during maximal I exercise in
comparison with maximal 11 exercise (17.88 min. versus
10.11 min.), the mean differences between fitness
groups were more apparent in FM using maximal I than
in FM using maximal 11 exercise. The differences in
serum total cholesterol between the low-fit group and
the high-fit group were smaller during maximal I exercise
in comparison with the other metabolic stages, which
resulted in a significant interaction at maximal I exercise
in Table V. The total cholesterol responses at maximal

ABLE V
Analysis of Variance for Serum Total Cholesterol, Free Cholesterol, and Percent Free Cholesterol

Total Cholesterol
Fa Fb

Free Cholesterol
Fa Fb

% Free Cholesterol
Fa Fb

Fitness Groups (F) 1
Age Groups (A) 1
Tests (T) 1
Metabolic Levels (M) 3
FXA 1
FXT 1
AXT 1
FXM 3
AXM 3
TXM 3
Subjects 20
Three Factor Interaction
Three Factor Interaction
Five Factor Interaction

2.53
0.25
0.08

99.37e
1.35
0.16
0.94
2.18c
0.22
2.35C
No test
N.S
N.S
N.S

2.60
0.29
0.19

1 01 .25e
1.48
0.14
0.76
1.85
0.59
2.91d

No test
N.S
N.S
N.S

a Using metabolic levels - Rest, Submax, Max I, and Rec.
b Using metabolic levels - Rest, Submax, Max II, and Rec.
c Statistically significant at the 0.10 level.
d Statistically significant at the 0.05 level.
e Statistically significant at the 0.01 level.

Source of
Variation

Degrees of
Freedom

3.71C

0.23
0.40

76.07e
1.44
0.52
0.02
0.14
0.48
0.84
No test
N.S
N.S
N.S

3.87C
0.22
0.39

65.71 e
1.50
0.48
0.04
0.11
0.45
0.86
No test
N.S
N.S
N.S

1.43
0.01
1.56
7.96d
0.06
0.21
0.10
0.33
1.01
0.09
No test
N.S
N.S
N.S

1.46
0.02
1.88
6.l1 d
0.02
0.22
0.03
0.29
1.31
0.12
No test
N.S.
N.S
N.S
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exercise were dependent upon the fitness level which
determined the subjects' tolerance to stress.

The effect of metabolic levels was significant at the
0.01 level for free serum cholesterol and at the 0.05 level
for percent free cholesterol. There was a significant
increase in free cholesterol in the serum from the resting
concentration to the submaximal exercise, with a further
increase during maximal exercise, and a significant de-
crease during the recovery period. The percent free cho-
lesterol at rest was significantly lower than the percent
free cholesterol during exercise and during the recovery
period. Acute exercise increased both the absolute and
the percent free cholesterol. The high-fit group in com-
parison to the low-fit group had a significantly (P <
0.10) lower free cholesterol. However, there was no
significant difference in percent free cholesterol between
the two fitness groups.

DISCUSSION

Long duration exercise can alter the serum cho-
lesterol level because cholesterol can be degraded by the
oxidation of its side chain to carbon dioxide (Chaikoff
et al, 1952; Myant & Lewis, 1966). Side chain oxidation
of cholesterol is increased during exercise in man
(Malinow & Perley, 1969) and in rats (Malinow et al,
1968). There is some evidence that serum cholesterol
levels can be reduced by decreasing body weight (Camp-
bell, 1966, 1968; Faulkner et al, 1969; Lowenstein,
1964; Mock, 1972; Montoye et at, 1959; Teraslinna,
1966; Watt et al, 1972; Zauner, 1970). Generally, in
overweight individuals there is a loss in body weight as a
result of a long-term exercise programme so that exercise
may indirectly be associated with the decrease in serum
total cholesterol level. Since there was no significant
reduction in body weight in the 24 subjects in this
study, this finding could explain why there was no
significant change in serum total cholesterol concentra-
tion from the pre- to post-tests.

In this study the high-fit group, in comparison to the
low-fit group, had a significantly lower free cholesterol
concentration. In the design of the study, the two fitness
groups were matched for weights, however there was a
significant difference between the high-fit and low-fit
groups in terms of the percentage lean body weight. At
pre-test, the high-fit group was 86.3% lean and the
low-fit group was 80.0% lean. Montoye et at, (1974)
have reported a significant positive correlation between
total cholesterol and body fatness as measured by the
sum of four skinfolds in 4000 subjects aged 10 to 64
years. Thus, the difference in percent lean body weight
between the two fitness groups may have contributed to
the significant difference between the two groups. Habi-
tual exercise over several years by the high-fit group
could possibly explain the differences.

In man, the lecithin-cholesterol acyltransferase
(LCAT) enzyme catalyzes the transfer of fatty acids
from the 3-position of lecithin to free cholesterol in the
plasma (Glomset, 1962; Glomset et at, 1962; Sperry,
1935). Since human plasma does not contain enzymes
that hydrolyze cholesterol esters, the esterification of
free cholesterol represents the activity of LCAT.

The effect of short-term exercise in this study, in-
creased the total cholesterol, free cholesterol and per-
cent free cholesterol. During the recovery period, the
total cholesterol and both the absolute and percent free
cholesterol decreased. Since there was an increase in
total lipid mobilization including total cholesterol mobil-
ization during exericse, it was expected that the free
cholesterol level would increase as well. Since the per-
cent free cholesterol level increased significantly, it was
indirect evidence that the enzyme LCAT was unable to
esterify the free cholesterol at the same rate that the free
cholesterol was mobilized. A study by Abdulla et al,
(1969) has noted that free cholesterol is mobilized faster
than saturated or mono-unsaturated cholesterol esters
which supports the results of this study.

Several studies have indicated that the LCAT esteri-
fying activity decreases with age (Gherondache, 1963;
Wagner & Poindexter, 1952). Thus a greater ratio of
esterified cholesterol has been found in younger persons
than older individuals (Gherondache, 1963; Lopez et al,
1967; Wagner & Poindexter, 1952). In the present study,
there was no significant difference in percent free cho-
lesterol between the young and old groups. Since the
groups were matched for weight and physical fitness, it
is possible this may account for conflict with the litera-
ture.

In summary, the data in this study suggest the follow-
ing:

(1) Short-term physical exercise increased the total cho-
lesterol and both the absolute and percent free cho-
lesterol from the resting state to the submaximal
exercise state, to the maximal exercise state, and
decreased in the recovery period.

(2) There was no significant change in free serum cho-
lesterol level due to a four-month physical fitness
programme which did not alter the body weight.

(3) The high-fit group had a significantly lower free
cholesterol level than the low-fit group but had
similar percent free cholesterol values.

(4) There was no significant difference between age
groups matched for physical fitness and weight for
the serum total cholesterol, free cholesterol or per-
cent free cholesterol levels.
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