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Grandjean, Peter W., Stephen F. Crouse, and J.
James Rohack. Influence of cholesterol status on blood lipid
and lipoprotein enzyme responses to aerobic exercise. J Appl
Physiol 89: 472–480, 2000.—To compare postexercise
changes in plasma lipids and lipoprotein enzymes in 13
hypercholesterolemic (HC) and 12 normocholesterolemic
men [total cholesterol (TC) 252 6 5 vs. 179 6 5 mg/dl], fasting
blood samples were obtained 24 h before, immediately, 24,
and 48 h after a single bout of treadmill walking (70% peak
O2 consumption, 500 kcal expenditure). Significant findings
(P , 0.05 for all) for plasma volume-adjusted lipid and
enzyme variables were that TC, low-density-lipoprotein cho-
lesterol, and cholesterol ester transfer protein activity were
higher in the HC group but did not influence the lipid re-
sponses to exercise. Across groups, TC was transiently re-
duced immediately after exercise but returned to baseline
levels by 24 h postexercise. Decreases in triglyceride and
increases in high-density-lipoprotein cholesterol (HDL-C)
and HDL3-C were observed 24 h after exercise and lasted
through 48 h. Lipoprotein lipase activity was elevated by 24 h
and remained elevated 48 h after exercise. HDL2-C, choles-
terol ester transfer protein activity, hepatic triglyceride
lipase, and lecithin: cholesterol acyltransferase activities did
not change after exercise. These data indicate that the exer-
cise-induced changes in HDL-C and triglyceride are similar
in HC and normocholesterolemic men and may be mediated,
at least in part, by an increase in lipoprotein lipase activity.

hypercholesterolemia; lipoproteins; lipoprotein lipase activ-
ity; lecithin: cholesterol acyltransferase activity; cholesterol
ester transfer protein activity

REGULAR PHYSICAL EXERCISE has been adopted as part of
an overall strategy to normalize lipid profiles and re-
duce coronary heart disease risk in otherwise healthy
hypercholesterolemic individuals (18, 44). The basis of
such a strategy stems primarily from the exercise
training-induced lipid and lipoprotein changes ob-
served in normolipidemic individuals. Indeed, a major-
ity of the investigators who have studied normolipi-
demic groups have reported reductions in plasma
triglyceride (TG) concentrations and increases in high-
density-lipoprotein (HDL) cholesterol (HDL-C) after
exercise training (17). In addition, when exercise is

accompanied by a loss of body mass or body fat in
normolipidemic subjects, total cholesterol (TC) and
low-density-lipoprotein cholesterol (LDL-C) concentra-
tions may be reduced (17). The few studies reporting on
lipid and lipoprotein responses to exercise training in
hypercholesterolemic men indicate that reductions in
TC and TG, as well as elevations in HDL-C and
HDL2-C, are possible (44, 45). These results may be
somewhat similar to those reported in normolipidemic
subjects; however, lipid responses to exercise training
in hypercholesterolemic men have been inconsistent,
and, at present, there are too few studies from which to
draw general conclusions.

Regular aerobic exercise may influence blood lipid
profiles by modifying the activities of intravascular
enzymes and transfer proteins (6, 17). Elevations in
the activities of lipoprotein lipase (LPLa) (31) and
lecithin: cholesterol acyltransferase (LCATa) (16) have
been shown after exercise training, as have reductions
in hepatic TG lipase activity (HTGLa) (40). In addition,
a reduction in cholesterol ester (CE) transfer protein
(CETP) concentration, which is closely related to CETP
activity (CETPa), has been demonstrated after exercise
training (42). Greater LPLa or LCATa brought about
by exercise training may reduce TG concentrations and
facilitate an increase in HDL-C (47). Similarly, an
exercise-induced suppression of HTGLa or CETPa may
slow the catabolism of HDL particles, thereby enhanc-
ing the accumulation of cholesterol in all HDL subfrac-
tions (8, 20).

The favorable blood lipid changes that are generally
thought to be a result of exercise training may be
partially attributed to the short-term lipid modifica-
tions that can occur after a single session of aerobic
exercise (6, 17). For example, the transient changes
observed after one exercise bout have included de-
creases in TC, LDL-C, and TG and elevations in
HDL-C in both the HDL2 and HDL3 subfractions (16,
25, 29, 33). As with exercise training, an increase in
LPLa (30, 31) and LCATa (16) has been observed after
one session of exercise. HTGLa has been reported as
decreased (25) or unchanged (30), and, recently, de-
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creases in CETP concentrations have been reported
after one bout of prolonged, strenuous exercise (46).

Relatively little attention has been directed toward
the lipid and lipoprotein responses to a single session of
exercise in hypercholesterolemic men. Crouse and col-
leagues (12) have reported what may be unique eleva-
tions in TC and LDL-C in physically inactive hyper-
cholesterolemic men after one session of stationary
cycling. These same researchers demonstrated that
exercise training can modify the postexercise changes
in TC and LDL-C of hypercholesterolemic men, yet the
TC and LDL-C responses to a single bout of exercise in
these subjects remained different from that reported
for normocholesterolemic individuals (11). It is possible
that unique exercise-induced lipid changes observed in
hypercholesterolemic men are influenced by distinct
lipoprotein enzyme differences from their normocho-
lesterolemic counterparts. For instance, greater
CETPa (4, 49), greater HTGLa (37), and lower LPLa
(21) in some hypercholesterolemic subjects have been
documented. Unfortunately, the lipid and lipoprotein
responses to exercise training or after a single bout of
exercise cannot be directly compared with those of
normolipidemic individuals. First, normolipidemic in-
dividuals have not been included in any of the studies
that examined either the training-induced changes or
the short-term changes in the hypercholesterolemic
subjects. Second, no study to date has examined the
intravascular lipoprotein enzyme responses to a single
session of exercise in hypercholesterolemic individuals.
By comparing normo- and hypercholesterolemic
groups, unique blood lipid and lipoprotein enzyme re-
sponses to exercise can be established, and the role of
exercise in the management of some hyperlipidemias
may be more clearly defined. Therefore, the purpose of
this investigation was to compare blood lipid, lipopro-
tein lipid, LPLa, HTGLa, LCATa, and CETPa re-
sponses to a single session of aerobic exercise between
physically inactive normo- and hypercholesterolemic
men.

METHODS AND PROCEDURES

Subjects

Adult male volunteers from Brazos County, Texas, were
recruited by posted flyers, advertisements in local newspa-
pers, presentations to civic organizations, and appearances
on local television talk shows. All volunteers were initially
screened by phone or personal interviews and considered for
the study if they were between 35 and 55 yr of age, appar-
ently healthy, and physically inactive. Volunteers were con-
sidered healthy if they were not presently taking any medi-
cation known to affect lipid metabolism and reported being
free of metabolic disorders, diagnosed cardiovascular disease,
and any contraindication to exercise. Volunteers were char-
acterized as physically inactive if they participated in less
than two exercise sessions per week and each exercise ses-
sion lasted ,20 min.

Seventy-five volunteers who met the above requirements
visited our laboratory, read and signed an institutionally
approved informed consent, and completed a health history
questionnaire. On this same visit, height and mass were

measured, body composition was estimated via seven-site
skinfold (2), and a 5-ml blood sample was obtained from each
volunteer to determine TC and TG status.

Twenty-eight subjects with TG concentrations ,200 mg/dl
and either hypercholesterolemia (HC; TC .240 mg/dl, n 5

13) or normocholesterolemia (NC; TC ,200 mg/dl, n 5 15)
fulfilled the requirements for entry into the study. All sub-
jects were selected for similarities in their age, body mass,
and relative body fat, because these factors are known to
influence plasma lipid and lipoprotein concentrations (6).
Two NC subjects were subsequently excluded from this study
after it was determined that they reported for the experimen-
tal blood sampling in a postprandial state. In addition, all
plasma samples for one NC subject were found to be unreli-
able for the measurement of several variables of interest due
to difficulty in blood sampling. Therefore, 25 subjects (HC:
n 5 13, NC: n 5 12) were included in the final data analysis.

Procedures

General protocol. All subjects underwent a physical exam-
ination, conducted by a cardiologist, and completed prelimi-
nary physiological testing. Within 2 wk of physiological test-
ing, subjects reported to the laboratory on 4 consecutive days
for experimental blood sampling in association with a single
bout of exercise. Self-reported dietary records were used to
assess the daily variation in each subject’s eating habits over
the experimental blood-sampling period.

Preliminary physiological testing. Peak oxygen consump-
tion (V̇O2 peak) and work rate were determined from a stan-
dardized graded exercise test performed on a motor-driven
treadmill (model Q-65, Quinton Instrument, Seattle, WA) (9).
Throughout the test, heart rate and rhythm were monitored
continuously by using a 12-lead electrocardiogram (model
Q-4100, Quinton Instrument), blood pressure was deter-
mined manually, and ratings of perceived exertion were
obtained during the last 30 s of every stage and at maximal
exercise. Respiratory gas exchange [O2 consumption (V̇O2)
and CO2 production] was measured on a breath-by-breath
basis and averaged over 30-s intervals by using an auto-
mated gas analysis system (CPX/D Exercise Stress Testing
System, Medical Graphics, Minneapolis, MN). The test was
considered a maximal effort if two of the following criteria
were met: the achieved maximum heart rate was within 10
beats/min of the individual’s age-predicted maximum, the
respiratory exchange ratio (RER) was .1.1, the rating of
perceived exertion was $18, or a plateau for V̇O2 was
achieved despite a further increase in workload (2).

Hydrostatic weighing was used to estimate body density
and percent fat (26). Waist and hip girth measurements were
obtained, and a waist-to-hip ratio was calculated to estimate
regional body fat distribution (2).

Experimental exercise session. The V̇O2 (l/min) and RER at
70% of V̇O2 peak were obtained from the graded exercise test
data and used to estimate the exercise duration needed to
elicit an energy expenditure of 500 kcal. The kilocalorie
equivalent was determined from the RER, and the rate of
energy expenditure was calculated by multiplying the kilo-
calorie equivalent by the corresponding V̇O2 (l/min). Exercise
duration was estimated by dividing 500 kcal by the calcu-
lated rate of energy expenditure.

After a brief warm-up period, the treadmill speed and
grade were increased to meet the predicted intensity of 70%
of V̇O2 peak for each subject. Respiratory gas-exchange data
and exercise heart rates were obtained initially and at 15-
min intervals throughout the exercise session to verify the
subject’s exercise intensity and rate of energy expenditure.
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The total energy expenditure and the remaining exercise
time were calculated from the respiratory gas exchange data
at each interval. Adjustments were made in either speed or
grade to maintain the prescribed exercise intensity (2). The
average exercise intensity for the HC and NC groups was
67.6 6 0.9 and 71.2 6 1.6%, respectively. The energy expen-
diture for the HC group was 504 6 2 kcal, whereas the NC
group spent 503 6 5 kcal of energy. No differences were
determined between groups for either exercise intensity or
energy expenditure.

Blood sampling. Blood samples were obtained 24 h before
(baseline), immediately after, 24 h after, and 48 h after the
experimental exercise session. Each subject reported to the
laboratory at approximately the same time each morning
after a 12-h fast in which water was allowed ad libitum. All
blood samples were obtained from an antecubital vein by
using a Teflon catheter (no. 3828781 Angiocath, Becton Dick-
inson, Franklin Lakes, NJ) and multiple-sample vacutainer
system (no. 7210, 22 gauge 3 1 in., Becton Dickinson). First,
blood was drawn into two chilled 10-ml vacutainer tubes
containing 10.5 mg Na-EDTA (no. 310547, Sherwood Medi-
cal, St. Louis, MO) and immediately placed on ice. Next, 75
IU/kg heparin (1,000 IU/ml, Elkins-Sinn, St. Louis, MO)
were administered and allowed to circulate for 10 min to
release endothelial-bound lipoprotein lipase (51). A “posthep-
arin” blood sample was drawn into a chilled vacutainer
containing 143 USP sodium-heparin (no. 320751, Sherwood
Medical). Plasma from pre- and postheparin blood was iso-
lated by centrifugation at 1,500 g for 20 min at 4°C, and
0.01% NaN3 solution was introduced into all plasma samples
(4 ml/ml plasma) for preservation. Aliquots of pre- and post-
heparin plasma were sealed separately in 2-ml cryovial tubes
and stored at 270°C for later analysis.

Biochemical analysis. Before freezing, HDL and HDL3

subfractions were separated from fresh aliquots of plasma as
described by Warnick and Albers (52) and Gidez et al. (24),
respectively. Plasma samples were analyzed enzymatically
for TC, free cholesterol (FC), HDL-C, HDL3-C, and TG con-
centrations (1, 10). HDL2-C was calculated as the difference
between HDL-C and HDL3-C. LDL-C was calculated from
TC, TG, and the HDL-C (23). Total plasma lipase activity and
HTGLa were assayed according to Krauss et al. (32) and
Belfrage and Vaughn (5) with modifications described by
Thompson et al. (51). The rate of cholesterol esterification, an
estimate of LCATa, was assayed as described by Stokke and
Norum (43). CETPa was determined according to the meth-
ods described by Tato et al. (49). Measures of hematocrit and
hemoglobin were determined from fresh blood samples and
used to estimate changes in plasma volume relative to the
baseline blood sample (14). All plasma lipid concentrations
and enzyme activities were then adjusted for the estimated
plasma volume changes that occurred over the blood sam-
pling period.

The order in which subject plasma samples were analyzed
was randomly selected before each biochemical analysis. In-
terassay variation was avoided by analyzing all samples from
each subject within a single assay run. Average absorbances
in all spectrophotometric analyses were calculated from rep-
licate measurements within an absorbance range of 0.01 nm.
When differences between replicate absorbances were .0.01
nm, all four samples for the subject were reanalyzed. Absor-
bances for normal and abnormal control plasma were deter-
mined at regular intervals throughout each assay run. Rep-
licate measurements of radioactivity within a range of 10%
were accepted for enzyme assays. When differences between
replicate counts per minute were .10%, all samples for the
subject were reanalyzed. Control samples were included at

regular intervals throughout each assay run. Coefficients of
variation (CVs) for spectrophotometric and radiolabeled as-
says were calculated from the control absorbances and counts
per minute, respectively, and used as indicators of inter- and
intra-assay reliability.

The interassay CVs determined from control serum mea-
sured with each assay run were as follows: TC, 2.42%;
HDL-C, 2.40%; HDL3-C, 1.08%; TG, 3.75%; total plasma
lipase activity, 4.53%; HTGLa, 11.74%; LCATa, 5.47%; and
CETPa, 3.30%. There was no interassay CV for FC, as all
samples were analyzed in a single assay run. Intra-assay
CVs, determined from control serum measured multiple
times within each assay run were as follows: TC, 1.08%; FC,
1.38%; HDL-C, 1.53%; HDL3-C, 1.88%; TG, 1.35%; total
plasma lipase activity, 4.39%; HTGLa, 4.16%; LCATa, 5.37%;
and CETPa, 2.97%.

Diet records. Subjects recorded their diet over a 3-day
period (2 weekdays and 1 weekend day) before data collec-
tion. The food records were analyzed for caloric intake and
nutrient composition, and subjects were provided with an
individualized diet plan based on their 3-day dietary report.
Subjects were asked to adhere to their individualized diet
plan and record their dietary intake starting 4 days before
the baseline blood sample and continuing until they com-
pleted the experiment. All daily food records were analyzed
for caloric intake and nutrient composition by using the
Minnesota Nutrition Data Systems software (version 2.8,
Food Database 10A, Nutrition Database 25, Minneapolis,
MN).

Statistical analysis. Baseline differences between HC and
NC groups for the physiological, lipid, and enzyme variables
were determined by using one-way ANOVA. The exercise
data were analyzed by using a 2 3 4 (group 3 time) ANOVA
with repeated measures on the second factor. The lipid-
dependent variables of interest were plasma volume-ad-
justed concentrations of TC, FC, TG, LDL-C, HDL-C,
HDL2-C, and HDL3-C. LPLa, HTGLa, LCATa, and CETPa
were also adjusted for shifts in plasma volume and analyzed
in the same manner. Dietary data were analyzed for daily
caloric intake and composition of fats, carbohydrates, pro-
tein, and cholesterol by using a 2 3 7 (group 3 time) ANOVA
with repeated measures on the second factor. This investiga-
tion was exploratory in nature; therefore, the comparison-
wise error rate was set at P , 0.05. Each test for significance
was conducted independently; therefore, it is recognized that
the experimentwise error rate may be somewhat higher than
P , 0.05. Duncan’s new multiple range test was used to
determine significant time effects where appropriate.

Relationships among the physiological characteristics,
baseline plasma lipid and enzyme values, and changes in the
dependent variables with exercise were determined by using
Pearson product-moment correlation coefficients. Change
scores for the dependent variables in the exercise data set
were calculated as 24 h postexercise minus baseline and 48 h
postexercise minus baseline. All data were analyzed by using
the Statistical Analysis System (SAS for Windows, version
6.11, SAS Institute, Cary, NC).

RESULTS

Our purpose was to examine the influence of plasma
cholesterol status on the lipid and lipoprotein enzyme
responses to a single bout of exercise in physically
inactive men. Every effort was made to recruit subjects
who were of similar age, weight, and percent body fat
to reduce the impact of these factors on the potentially
different group lipid responses to exercise. As pre-
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sented in Table 1, no differences were found between
groups for any of the physiological variables except
relative V̇O2 peak. As expected, the HC group exhibited
greater concentrations of TC, LDL-C, FC, and CE than
did their NC counterparts. CETPa was also higher in
the HC group (see Table 1). Significant relationships
between selected physiological variables and baseline
lipid and enzyme activities are shown in Table 2.

No group 3 time interactions were observed for any
of the plasma lipid or enzyme variables, indicating that
cholesterol status did not influence the magnitude or
direction of lipid and enzyme responses to exercise
(Table 3). A significant time effect was observed for the
estimated shifts in plasma volume, TC, TG, HDL-C,
HDL3-C, and LPLa. The exercise-induced changes in

plasma volume and the plasma lipid and enzyme vari-
ables are illustrated as combined group means in Figs.
1-5.

No group 3 time interactions or group effects were
found for any of the dietary variables. A significant
time effect was observed for daily caloric intake, grams
of fat, protein, and cholesterol. However, no significant
differences in the daily nutrient composition of the diet
were observed when nutrients were expressed as a
percentage of the daily caloric intake. The average
daily caloric intake and the nutrient composition of the
diet are presented in Table 4.

DISCUSSION

To our knowledge, this study is the first to compare
the lipid and lipoprotein enzyme changes that occur in
normo- and hypercholesterolemic men after a single
session of exercise. Our laboratory has previously
shown, as have others, that one bout of exercise can
favorably modify blood lipid concentrations (12, 17).
However, the primary and unique finding of this inves-
tigation is that preexisting cholesterol status does not
influence acute blood lipid and lipoprotein enzyme re-
sponses to exercise in sedentary men.

The hypercholesterolemic men had baseline TC and
LDL-C values in the 85th percentile for their age (38).
Conversely, the average TC and LDL-C concentrations
in the normocholesterolemic men placed them in the
15th percentile (38). The remaining components of the
lipid profile were similar between groups, with the
average HDL-C at approximately the 50th percentile
for men of comparable age (38). The greater baseline
CETPa in the hypercholesterolemic group was directly
related to higher TC and LDL-C concentrations. Ele-
vated CETPa in the hypercholesterolemic men and the
inverse relationship between CETPa and HDL-C and
HDL2-C concentrations in the present cohort concur
with what has been previously reported (49).

Some of the metabolic conditions that underlie HC
(e.g., liver function, apolipoprotein B receptor defi-
ciency or dysfunction, enzyme synthesis or secretion,
etc.) may not be influenced by a single session of exer-
cise. In contrast, the elevated TC, LDL-C, and CETPa
observed in hypercholesterolemic men may allow for
greater lipid responses to exercise than those with
normal lipid profiles. Indeed, the earlier findings of
Crouse and co-workers (12) presented evidence that

Table 1. HC and NC group data at baseline

HC Group NC Group

Age, yr 4662 4361
Height, cm 174.861.67 178.962.32
Weight, kg 89.165.1 82.764.3
Body fat, % 2662 2262
W/H 0.9460.01 0.9160.02
V̇O2max, l/min 2.860.1 2.960.2
V̇O2max, ml z kg21

z min21 31.361.0 35.461.6*
TC, mg/dl 25265* 17965
CE, mg/dl 6661* 5062
FC, mg/dl 18665* 12964
LDL-C, mg/dl 17965* 10965
TG, mg/dl 155613 132617
HDL-C, mg/dl 4162 4363
HDL2-C, mg/dl 861 962
HDL3-C, mg/dl 3362 3462
LPLa, mmol FFA z ml21

z h21 14.261.3 11.961.2
HTGLa, mmol FFA z ml21

z h21 21.362.0 21.063.2
LCATa, mmol chol est z l21

z h21 76.868.2 60.667.1
CETPa, %CE transferred/4 h 34.461.7* 28.262

Values are means 6 SE. HC, hypercholesterolemic group, n 5 13;
NC, normocholesterolemic group, n 5 12; W/H, waist circumfer-
ence-to-hip circumference ratio; V̇O2max, maximal oxygen uptake;
TC, total plasma cholesterol; FC, free cholesterol; CE, cholesterol
ester; LDL-C, low-density-lipoprotein cholesterol; TG, triglyceride;
HDL-C, high-density-lipoprotein cholesterol; LPLa, lipoprotein
lipase activity in mmol free fatty acid (FFA) formed per ml per h;
HTGLa, hepatic triglyceride lipase activity; LCATa, lecithin: choles-
terol acyltransferase activity in mmol cholesterol esterified (chol est)
per liter per h; CETPa, cholesterol ester transfer protein activity
expressed as a percentage of CE transferred from a common donor
[3H-HDL3-CE (75 mg/dl)] to a common acceptor [combined very-low-
and low-density lipoprotein fractions (187 mg/dl)] in a 20:1 acceptor-
to-donor ratio. *Significant difference between HC and NC group,
P , 0.05 for all.

Table 2. Correlations for selected physiological, lipid, and lipoprotein enzyme data at baseline

TC FC LDL-C HDL-C HDL2-C HDL3-C TG LPLa HTGLa

Weight, kg 20.432 0.479 0.425
W/H 0.437 20.325 0.602
Body fat, % 0.398 0.609
TG 20.761 20.523 20.607 0.461
HTGLa 20.474 20.534
LCATa 0.428
CETPa 0.447 0.401 0.449 20.422 20.435

Pearson product-moment correlations were determined with the combined data from HC and NC groups. All correlations shown are
significant, P , 0.05 for all.
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hypercholesterolemic men may respond uniquely to a
single session of aerobic exercise.

Our TC results are in agreement with those reported
previously by Crouse et al. (12), in that the decrease in
TC was of similar magnitude (3 vs. 5%) and occurred
immediately after the exercise session. Yet the findings
reported by Crouse et al. differed from the present
study in that TC and LDL-C values continued to in-
crease after exercise and were significantly greater

than baseline levels 48 h after the exercise session. Our
results indicate that TC and LDL-C concentrations can
be reduced immediately after exercise, return to pre-
exercise levels within hours after the exercise session,
and remain stable thereafter. Furthermore, the
present findings provide evidence that the TC and
LDL-C responses after exercise are the same in seden-
tary men, regardless of their initial cholesterol status.

The magnitude and direction of the TG response in
the present study were similar to the 10% decrease

Table 3. Changes in blood lipid and lipoprotein enzyme variables with exercise

Baseline IPE 124 h 148 h

TC, mg/dl
HC 25265 24765 24867 25167
NC 17964 17164 18264 18065

LDL-C, mg/dl
HC 17965 17565 17666 18067
NC 10965 10064 10965 10765

TG, mg/dl
HC 155613 14868 140612 136611
NC 132617 131618 115614 117613

HDL-C, mg/dl
HC 4162 4162 4362 4662
NC 4363 4563 4963 5064

HDL2-C, mg/dl
HC 861 861 862 961
NC 962 861 1162 1162

HDL3-C, mg/dl
HC 3362 3461 3562 3662
NC 3462 3763 3862 3962

LPLa, mmol FFA z ml21
z h21

HC 14.261.3 16.061.4 17.161.6 14.961.2
NC 11.961.2 12.161.3 14.661.7 14.561.4

HTGLa, mmol FFA z ml21
z h21

HC 21.362.0 20.562.0 20.662.2 20.562.0
NC 21.063.2 18.863.0 21.463.3 20.062.9

LCATa, mmol chol est z l21
z h21

HC 76.868.2 77.568.0 79.2610.8 84.768.2
NC 60.667.1 56.165.9 55.766.0 60.267.7

CETPa, %CE transferred/4 h
HC 34.461.7 34.561.5 34.861.9 35.362.1
NC 28.261.9 28.461.9 29.662.4 30.462.7

Values are group means at each time point 6 SE. HC, n 5 13; NC, n 5 12; Baseline, 24 h before experimental exercise session; IPE,
immediately postexercise; 124 h and 148 h, 24 and 48 h after exercise, respectively.

Fig. 1. Percent change in plasma volume with exercise. Baseline,
24 h before exercise; IPE, immediately postexercise; 124 h and 148
h, 24 and 48 h after exercise, respectively. Data are combined group
means 6 SE. a,b,cSignificant difference between times (P , 0.05).

Fig. 2. Average change in plasma volume-adjusted total cholesterol
concentrations. Data are combined group means 6 SE. a,bSignificant
difference between times (P , 0.05).

476 CHOLESTEROL STATUS, EXERCISE, AND PLASMA LIPID RESPONSES

Downloaded from journals.physiology.org/journal/jappl (106.051.226.007) on August 9, 2022.



reported in inactive subjects (27) and somewhat below
the 18% decrease reported previously for sedentary
hypercholesterolemic men (12). In contrast, others
have reported that TG concentrations did not change in
sedentary subjects after a single exercise session (3, 13,
30). Reasons for the discrepancies are unclear. In
trained individuals, reductions in TG seem to occur
most frequently when the energy requirement of the
exercise bout is large (17). However, the TG response
in sedentary individuals has occurred when the energy
expenditure was either low (27) or moderate, as re-
ported in the present study and elsewhere (12). More-
over, investigators have failed to observe TG responses
in sedentary individuals using a variety of exercise
interventions (3, 13, 30). Therefore, discrepancies in
the TG response for sedentary subjects may not be
solely a function of the exercise stimulus. It may be
that the baseline TG concentrations influence the TG
response to aerobic exercise in untrained individuals.
For example, when inactive subjects had low initial TG
concentrations (range 89–123 mg/dl), the TG values
did not change after exercise (13, 30); however, excep-
tions do exist (27). Our findings and those reported by

Crouse et al. (12) demonstrate that, when initial TG
values are moderately elevated (;170–177 mg/dl) in
sedentary individuals, a delayed reduction in TG con-
centrations can persist for up to 48 h after a single bout
of exercise.

Baseline TG concentrations in the present study
were inversely related to HDL-C, HDL2-C, and
HDL3-C. These relationships have been described pre-
viously and are well established (20). In addition, the
decrease in TG concentrations observed in the present
study was accompanied by a concomitant 14% eleva-
tion in HDL-C that lasted 48 h into recovery. The
elevation in HDL-C was primarily due to an 11% in-
crease in HDL3-C. In trained individuals, the de-
creases in TG concentrations are rarely accompanied
by an increase in HDL-C after an exercise bout (16, 29).
In many cases, decreases in TG occurred without
changes in HDL-C (15, 28, 34, 50), or HDL-C increased
without significant modifications in TG concentrations
(25, 33). Similarly, aerobic exercise has been shown to
increase HDL-C in sedentary subjects without chang-
ing TG concentrations (30). However, increased HDL-C
and reduced TG concentrations after a single exercise
bout in sedentary hypercholesterolemic individuals
have been reported (12). The changes in TG and
HDL-C concentrations observed in the present study
are in agreement with the previous findings in hyper-
cholesterolemic men. Our results illustrate, however,
that these changes are not necessarily unique to hy-
percholesterolemic individuals, because TG and
HDL-C were altered in a similar manner in both
normo- and hypercholesterolemic men. It is also note-
worthy that the elevations in HDL-C, with or without
TG modifications, have largely been attributed to
greater HDL3-C concentrations in sedentary subjects
(12, 30). Our HDL3-C results are in agreement with
these findings as well.

At present, it is unclear why there are varying
HDL-C and TG responses reported after an exercise
bout. It is possible that subject characteristics, such as
body composition, regional body fat distribution, car-
diovascular fitness, state of training, preexisting lipid
concentrations, and a variety of genetic influences on

Fig. 5. Average change in postheparin plasma lipase activity. FFA,
free fatty acid. Data are plasma volume-adjusted means 6 SE.
a,bSignificant difference between times (P , 0.05).

Fig. 3. Average change in plasma triglyceride concentrations. Data
are plasma volume-adjusted means 6 SE. a,bSignificant difference
between times (P , 0.05).

Fig. 4. Average change in plasma high-density-lipoprotein choles-
terol (HDL-C) and HDL3-C concentrations. Data are plasma volume-
adjusted means 6 SE. a,b,cSignificant difference between times (P ,

0.05).
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lipid metabolism and transport, play important roles.
It is likely that experimental procedures, such as the
exercise stimulus (intensity, duration, and mode), the
timing of the blood collection, analytic techniques, and
controls; subject sample size; and the extent to which
dietary habits, nutrient intake, and physical activity
levels are taken into account, will have substantial
influences on the HDL-C and TG changes reported
after an exercise session. Given the available informa-
tion, it is not possible to quantify from the existing
literature the independent or interactive effect that
these variables have on HDL-C and TG changes. How-
ever, as mentioned previously, a common postulation is
that a threshold for caloric expenditure, rather than a
specific exercise intensity or duration, may be critical
for inducing changes in HDL-C (17). The caloric
threshold seems to vary directly with the functional
capacity of the subjects (12, 19) and is thought to alter
lipid concentrations primarily by inducing postexercise
increases in LPLa (39).

A delayed increase in plasma LPLa was observed in
the present cohort at 24 and 48 h after the exercise
session. Others have shown increases in plasma (25,
29, 30), muscle (36, 48), and adipose tissue LPLa (41,
48) after aerobic exercise. In some studies, the LPLa
response was delayed (25, 29, 30) but not always (36,
41, 48). The augmented LPLa accelerates the hydroly-
sis of TG-rich lipoproteins and is associated with de-
creases in TG and elevations in HDL-C concentrations
(25, 29, 30). The results of the present study support
these findings, as greater LPLa was observed in con-
cordance with the lower TG and elevated HDL-C con-
centrations.

Acute reductions in HTGLa may occur after pro-
longed exercise (25, 42), but more frequently this en-
zyme activity is unaltered (29, 30). A decrease in HT-
GLa may result in higher HDL2-C concentrations or a
greater HDL2-to-HDL3-C ratio by diminishing the con-
version of HDL2 to HDL3. The inverse correlation we
observed between baseline measures of HTGLa and
HDL-C and HDL2-C in this study would corroborate
this notion. In addition, the lack of change in HTGLa
after the exercise session may partially explain the
stable HDL2-C levels observed in this study. Based on
our findings, we suggest that the LPLa and HTGLa
responses to aerobic exercise are not necessarily differ-

ent in normo- and hypercholesterolemic men. LPLa is
augmented after a single bout of prolonged exercise in
sedentary men; however, HTGLa in these subjects does
not seem to change after a single exercise session.

This study is the first to show that one bout of
aerobic exercise does not alter CETPa in sedentary
men. The unaltered CETPa may also partially explain
the lack of change in the postexercise HDL2-C concen-
trations, because the measured CETP-mediated trans-
fer of CE from this fraction was not abated after the
exercise session. In contrast, Takanami et al. (46) re-
ported lower CETP concentrations and elevated
HDL2-C concentrations in athletes immediately and 1
day after a triathlon competition. The differences in
subject characteristics, the exercise stimulus, and the
measures of CETPa vs. concentrations prohibit direct
comparisons from being made between these studies.
However, given that CETP concentrations are related
to CETPa (49), our results appear to contradict the
findings of Takanami et al. (46). Factors other than the
CETP concentration can influence CETPa. For exam-
ple, Bagdade et al. (4) have demonstrated that the TG
composition of very-low-density-lipoprotein is a major
influence on the rate of CETP-mediated lipid transfer
among the lipoprotein fractions. Thus a single session
of exercise may alter CETPa by changing the lipid
composition of the various lipoprotein fractions.
CETPa in the present investigation was assayed in the
presence of a common donor (3H-HDL3-CE) and a com-
mon acceptor (combined very-low- and low-density li-
poprotein fractions). As such, the influence of the li-
poprotein lipid composition on CETPa is minimized.
When CETPa was measured by similar methodology, it
was shown to be closely related to CETP concentra-
tions (49). Therefore, it may be indicated from these
results that CETPa, as influenced by CETP protein
concentration, is not altered in sedentary subjects after
prolonged exercise. However, this theory cannot be
fully substantiated because we did not measure CETP
concentrations. Whether prolonged exercise can alter
CETPa by changing the lipid composition of the vari-
ous lipoprotein fractions has yet to be determined.

LCATa was not modified by exercise in the present
investigation. These results are in agreement with the
findings of Berger and Griffiths (7), who reported that
LCATa did not change in recreationally active subjects

Table 4. Daily caloric intake and nutrient composition data

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

kcal 2,2986151* 2,0456143 2,1266139 1,9016103 2,0796125 2,0066129 1,9306119
Carbohydrate, g/day 260619 242619 264620 238616 240615 259621 236622
Fat, g/day 9469* 8367 8167 7066 8668 7266 7466
Protein, g/day 10768† 8765 9165 8765 9266 8666 8665
Carbohydrate, % 4662 4762 4962 5062 4762 5262 4863
Fat, % 3662 3662 3462 3362 3662 3362 3562
Protein, % 1861 1861 1861 1961 1861 1761 1961
P/S 0.6360.06 0.5760.05 0.7160.09 0.7660.06 0.6960.07 0.7260.08 0.6160.06

Values are combined group means 6 SE. Nutrients expressed as percentages are percentages of the daily caloric intake (kcal). P/S,
polyunsaturated-to-saturated fat ratio. Blood samples were collected on days 5–7. *Day 1 . days 4, 6, and 7 (P , 0.05); †day 1 . all other
days (P , 0.05).
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after a moderate exercise session. Conversely, Frey et
al. (22) observed increased LCATa in trained and un-
trained subjects immediately after prolonged exercise.
Similarly, Dufaux et al. (16) reported that LCATa
increased acutely after an endurance run yet decreased
below baseline values 2 days later. Reasons for the
disparate results are not altogether clear. One possi-
bility may be that the changes observed by Dufaux’s
group were accompanied by elevations in FC and the
FC-to-CE ratio. Berger and Griffith (7) reported that
the FC-to-CE ratio was not modified with exercise in
their study. Therefore, it may be that an increase in
available substrate precedes any modification in
LCATa. This theory is consistent with the fact that
LCATa can be greatly influenced by the substrates
necessary for this reaction. For instance, the availabil-
ity of FC in the HDL fraction can have a measured
effect on LCATa (20). The findings of Frey and co-
workers (22) may further support this contention, be-
cause they reported that baseline LCATa was related
to FC and CE concentrations. Baseline LCATa was
related to FC concentrations in the present study;
however, changes in FC and CE concentrations were
not observed after the exercise session.

Differences in daily dietary intake can influence the
effect of a single exercise session on plasma lipids and
enzyme activity. For example, increased carbohydrate
ingestion can reduce LPLa and HDL-C and increase
TG concentrations (35). Conversely, increased choles-
terol or fat intake can elevate cholesterol concentra-
tions in all the lipoprotein fractions (38). Lithell et al.
(35) demonstrated that dietary changes could influence
plasma lipid concentrations in as little as 3 days. Thus
the purpose of having subjects record their diet on a
daily basis was to ensure stable caloric and dietary
habits and nutrient intake during the period in which
blood samples were obtained. The daily dietary records
indicated that the normo- and hypercholesterolemic
groups reported similar dietary nutrient composition
and caloric intake over the blood sampling period. In
the combined group, however, differences in daily ca-
loric intake and the total grams of fat, protein, and
cholesterol were observed during the experimental pro-
tocol. Further analyses indicated that the dietary vari-
ables were generally greater on the first day of record
keeping but were stable for 3 days before the first blood
draw and throughout the remainder of the blood sam-
pling period. Thus it is unlikely that the different
nutrient intake on the first day of dietary record keep-
ing had a bearing on the lipid response to exercise. It
can be argued that the differences found on the first
day merely reflect a period of adjustment to a stable
dietary regimen and that this practice prevented a
greater daily variation than what might have occurred
without this protocol.

Based on the results of this study, we can conclude
that a single bout of aerobic exercise can modify lipid
concentrations and the lipoprotein enzyme activities
similarly in sedentary normo- and hypercholester-
olemic men. A single exercise session can reduce TC
and LDL-C, but these changes are transient. More

persistent changes included a reduction in TG and
elevations in HDL-C, which can last for up to 48 h after
exercise. The greater HDL-C concentrations are pri-
marily due to increases in HDL3-C. Furthermore, the
lipid changes seem to be the result of an increase in
LPLa, as HTGLa, LCATa, and CETPa remained unal-
tered after exercise. These changes are consistent with
the notion that exercise can favorably alter the lipid
markers of cardiovascular disease risk by augmenting
the reverse cholesterol transport pathway. However,
the optimal exercise training strategy for ameliorating
atherogenic lipid profiles in otherwise healthy hyper-
cholesterolemic men remains to be determined.
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