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Abstract

Changes in plasma lipid and apolipoprotein profiles were evaluated in 12 healthy, unfit subjects (VOxpcar 39.1£2.8 ml'kg”!-min™'; 5 women,
7 men) at baseline and following endurance exercise training. The exercise protocol consisted of a 6-week endurance exercise training program
(4-5 days week '; 60 min-session™'; >65% HR ). Subjects were randomly assigned to consume an egg- (n=6; 12 eggs-week ') or no-egg
(n=6; 0 eggs-week ! )-based, eucaloric, standardized diet for 8 weeks. Both diets were macronutrient balanced [60% carbohydrate, 30% fat, 10%
protein (0.8 g-kg”-day )] and individually designed for weight maintenance. Plasma lipids were measured twice within the same week
at baseline and following exercise training. At baseline, subjects were normolipidemic with values of 163.9+41.8, 84.8+36.7, 60.6+15.4 and
93.1+52 mg dl"" for total cholesterol, LDL cholesterol and HDL cholesterol and triglyceride concentrations, respectively. A two-way ANOVA
was used to analyze diet and exercise effects and interactions. In both groups, endurance exercise training resulted in a significant 10% increase
in HDL-C (P<.05), a 19% decrease in Apo B concentrations (P<.05) and reductions in plasma CETP activity (P<.05). Plasma LDL-C decreased
by 21% (P=.06). No main effects of diet or interactions with plasma lipids or Apo B concentrations were observed. These data demonstrate
that endurance training improved the plasma lipid profiles of previously unfit, normolipidemic subjects independent of dietary cholesterol

intake from eggs.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Cardiovascular disease (CVD), any of several diseases
affecting the heart or blood vessels, is the number one cause
of death in America [1]. Coronary heart disease (CHD),
atherosclerosis of the coronary arteries specifically,
accounted for more than half of CVD deaths in America in

Abbreviations: AHA, American Heart Association; Apo B, apolipopro-
tein B; CETP, cholesterol ester transfer protein; CHD, coronary heart
disease; CVD, cardiovascular disease; DHHS, Department of Health and
Human Services; HDL-C, high-density lipoprotein cholesterol; HR,,.x, age-
predicted maximal heart rate; IOM, Institute of Medicine; LCAT, lecithin:
cholesterol acyltransferase; LPL, lipoprotein lipase; LDL-C, low-density
lipoprotein cholesterol; USDA, United States Department of Agriculture;
VO2max, maximal oxygen consumption; VOapear, peak oxygen consumption
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2004 and is the primary killer of American men and women
[1]. Major modifiable risk factors for developing CHD are
abnormal blood cholesterol levels [i.e., elevated total
cholesterol (TC) and LDL cholesterol (LDL-C) and low
HDL cholesterol (HDL-C)]. To decrease the risk of
developing CHD, the American Heart Association (AHA)
and American College of Sports Medicine [2] along with the
United States Department of Agriculture (USDA) and the
Department of Health and Human Services (DHHS) [3] have
established physical activity and dietary guidelines to
favorably modify blood cholesterol levels. For healthy adults,
these guidelines recommend at least 30 min of moderate-
intensity, aerobic activity at least 5 days per week and a
decrease in the consumption of foods high in saturated fats,
trans-fatty acids and cholesterol.

It is well known that physical activity is associated with a
decreased risk of coronary heart disease [1,4]. Data from
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cross-sectional studies suggest aerobically trained indivi-
duals have blood lipid profiles which place them at lower
risk of developing CHD when compared to sedentary
controls [5—10]. However, conflicting data [11—-19] make it
unclear what specific changes in lipoprotein profiles occur
following endurance exercise training to exert this protective
effect [20]. However, in groups regularly expending 1200—
2200 kcal of energy per week by briskly walking or jogging,
HDL-C typically increases while TG levels decrease [20].

Associations between elevated levels of serum choles-
terol and increased risk of CHD [21] and increased
dietary cholesterol and elevations in serum lipids [22]
were first identified in the 1960s. However, epidemiolo-
gical, animal and human studies have failed to establish a
definitive relationship between cholesterol consumption
and CHD development [23-26]. Nonetheless, the message
to avoid high-cholesterol eggs has been ubiquitously
recommended by government agencies and health profes-
sionals for many years.

One study [24] investigating the dietary intake of 117,000
nurses and health professionals over 14 years reported no
differences in the relative risk of CHD development between
individuals consuming <I egg-week ' vs. >1 egg-day '.
Ballesteros et al. [26] reported that consuming 2 eggs-day '
by children 10—12 years old did not increase CHD risk as
determined by the nonsignificant change in the LDL-C/
HDL-C, an important marker of CHD risk [27,28]. Similarly,
in men and premenopausal women consuming 3 eggs-day '
for 30 days, Herron et al. [27,28] observed no change in
CHD risk as determined by insignificant alterations in LDL-
C/HDL-C. Still, in 2000, eggs comprised only 1.3% of total
energy consumed by Americans [29].

The purpose of this investigation was to determine how
endurance training would influence blood lipids, apoproteins
and lipoprotein metabolism in healthy, previously sedentary
adults. In addition, we evaluated whether a diet supplying
cholesterol primarily from eggs and in excess of the upper
limits proposed by the AHA [30], USDA and DHHS [3] and
IOM [31] would impact the blood lipid responses observed
with training. To achieve this objective, we studied 12
normolipidemic adult men and women over 6 weeks who
were assigned to one of two groups: (1) Egg (12
eggs-week '; 468.5 mg cholesterol-day ') or (2) No Egg
(0 eggs-week '; 159.2 mg cholesterol-day ). We hypothe-
sized that 6 weeks of aerobic exercise training would
favorably impact blood lipid profiles independent of egg
(and hence, cholesterol) intake.

2. Methods and materials

2.1. Subjects

Twelve untrained, but otherwise healthy adults (n=12;
7 men, 5 women) ages 18-30 years were recruited from
the university community. Eleven subjects (6 men, 5 women)
completed the intervention. Prior to selection for the study,

participants were asked to provide a complete medical
history, activity log and record of dietary intake. Individuals
reporting metabolic or cardiovascular abnormalities, gastro-
intestinal disorders (i.e., lactose intolerance, egg protein
allergies), use of nutritional/sports supplements or anabolic
steroids, or weekly exercise totaling >90 min were excluded
from the study. In addition, potential qualifying subjects
underwent a test of peak oxygen consumption (VOjpeak)
to confirm they were untrained (<45 mL-kg''min™' and
<40 mL-kg'min” for men and women, respectively).
Women were eumenorrheic, not taking oral contraceptives
and nonpregnant as determined by self-report. Informed,
written consent was obtained from all participants. The study
protocol was approved by the University of Connecticut
Institutional Review Board.

2.2. Experimental design

Study participants were randomly assigned to one of two
weight maintaining dietary treatments for 8 weeks. Follow-
ing 2 weeks of diet intervention only, the subjects began a
6-week endurance exercise training program while remain-
ing in the same diet intervention group. Various plasma
indices of lipid metabolism were assessed prior to the start of
the diet intervention (to ensure differences did not exist
between groups following randomization) and following
6 weeks of endurance training. Additional criterion measures
[i.e., VOypear, body composition, resting energy expenditure
(REE) and a 3-mile time trial performance] were assessed
pre- and post-training.

2.3. Anthropometric, metabolic and performance
assessments

Peak oxygen uptake (VOspcqi) testing was determined via
breath-by-breath analysis of expired gases during testing
using an open circuit respiratory apparatus (MedGraphics
CPX/D, Medical Graphics Corporation, St. Paul, MN, USA)
on a treadmill (Quinton MedTrack ST55, Bothell, WA, USA)
[32]. Body composition was measured using dual-energy X-
ray absorptiometry (DEXA, DPX-MD Lunar Corp., Madi-
son, WI, USA) prior to the initiation of the diet intervention
(untrained) and following the combined dietary intervention
and exercise training (trained). Whole body scans were
obtained while the subject was supine, wearing only a
hospital gown and undergarment with all jewelry and metal
removed. Scan times were approximately 10 min per
assessment. REE was measured using open-circuit indirect
calorimetry (MedGraphics CPX/D, Medical Graphics Cor-
poration) before study participants began the diet interven-
tion. Subjects drove or were driven to the metabolic
laboratory immediately after waking, were fasted overnight
(10 h) and rested quietly 15-20 min before REE was
determined over a 20-min period with the subject lying in a
quiet, temperature-regulated room. REE was assessed
following 2 weeks of diet alone (untrained) and following
4 weeks of dietary intervention and exercise training
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(trained). Time to complete a 3-mile (4.8 km) run was
recorded and monitored by research personnel prior to and
following 6 weeks of exercise training. Body weight and
height were measured using a balance beam scale equipped
with a measuring rod (Health-o-meter, Bridgeview, IL,
USA). Body weight was assessed at baseline and weekly
throughout the study to ensure weight maintenance. Calorie
intake was adjusted accordingly if gains or losses of greater
than 1% body weight occurred.

2.4. Dietary intervention

Energy needs were estimated for each individual (based on
REE measurements along with individual dietary interven-
tion and adjusted using reported physical activity data) to
maintain energy balance throughout the entire study. Subjects
were randomly assigned to a non-egg-based (No-Egg group;
0 eggs week ™) or an egg-based (Egg group; 12 eggs week ™)
diet for 8 weeks. For all subjects, and therefore both diet
interventions, protein intake was set at 0.8 g-kg™'-day™ (10%
of total calories) and fat at 30% of total calories.
Carbohydrates supplied the remainder of the available
calories. All foods (meals and snacks) were prepared and
provided by University of Connecticut catering services.
Research personnel were present at all meals to weigh and
serve the appropriate portions of food specific for each
subject and to record intake for nutrient analysis. Meals
between diet groups differed only in that eggs were
substituted for other sources of high-quality protein at some
meals for the Egg and No-Egg groups, respectively. Subjects
were instructed not to consume any other foods other than
what was supplied to them. Dietary compliance was verified
by the maintenance of body weight during weekly weigh-ins.

2.5. Exercise training protocol

Exercise training was initiated following 2 weeks of
dietary intervention. Subjects participated in supervised and
monitored exercise sessions of 30—45 min which consisted
of stretching and group runs/walks 3—5 days-week '. To
minimize injury risks or compliance issues, training volumes
followed a gradual weekly progression beginning with
3 sessions'week !, 30 min-session’! the first week until the
goal of 5 sessions-week ', 45 min-session”' was achieved by
Week 5 of the exercise intervention. For all training sessions,
subjects were provided Polar HR monitors (Polar Electro
Inc., Port Washington, NY, USA) to assist with keeping their
exercise intensity within the desired HR range of 65-85%
age predicted maximal heart rate (HR ,,x; HRj2x=220—age).
All data from each training session, i.c., total time, average
heart rate, time spent in target heart rate zone, and estimated
energy expenditure, were recorded.

2.6. Sample collection and storage

The effect of diet and exercise on TC, LDL-C, HDL-C,
TG, Apo B, Apo C-I, Apo C-III, Apo E concentrations and
the LDL/HDL ratio was examined at baseline and after

6 weeks of exercise. Two fasting (12 h) blood samples were
initially collected, on different days, from each subject into
tubes containing 0.15 g/100 g EDTA to determine baseline
plasma lipids. Similarly, two fasting blood samples were
collected (one at 5 and another at 6 weeks of training), from
each subject into tubes containing 0.15 g/100 g EDTA to
determine “training” plasma lipids. Plasma was separated by
centrifugation at 1500xg for 20 min at 4°C, placed into vials
containing phenyl methyl sulphonyl fluoride (0.05 g/100 g),
sodium azide (0.01 g/100 g) and aprotinin (0.01 g/100 g) and
stored at —80°C until analysis. Plasma samples were used to
determine plasma lipid, apolipoprotein and cholesterol-
specific enzyme concentrations.

2.7. Materials

Enzymatic total cholesterol and triglyceride (TG) kits were
obtained from Roche-Diagnostics (Indianapolis, IN, USA).
Free cholesterol, Apo C-III and apo E kits were ordered from
Wako Pure Chemical (Osaka, Japan). Apo B kits, EDTA,
aprotinin, sodium azide and phenyl methyl sulfonyl fluoride
(PMSF) were obtained from Sigma Chemical (St. Louis, MO,
USA). All consumables were purchased from Fisher Scientific
(Pittsburgh, PA, USA).

2.8. Plasma lipids and apoproteins

Our laboratory has been participating in the Centers for
Disease Control-National Heart, Lung and Blood Institute
(CDC-NHLBI) Lipid Standardization Program since 1989
for quality control and standardization for plasma total
cholesterol (TC), HDL-C and triglyceride (TG) assays.
Coefficients of variance assessed by the Standardization
Program during the study period were 0.76—1.42 for TC,
1.71-2.72 for HDL-C and 1.64-2.47 for TG.

TC was determined by enzymatic methods using Roche-
Diagnostics standards and kits [33]. HDL-C was measured in
the supernatant after precipitation of Apo B-containing
lipoproteins [34] and LDL-C was determined using the
Friedewald equation [35]. TG was determined using Roche-
Diagnostics kits, which adjust for free glycerol. Means of the
two blood draws were used to assess differences between
treatment periods. Kits that utilize an immunoturbidimetric
method were obtained from Sigma for the determination of
Apo B concentrations. Turbidity was measured in a
microplate spectrophotomer at 340 nm [36]. Apo C-III
[37] and Apo E [38] were measured with a Hitachi
Autoanalyzer 740 utilizing kits from Wako.

2.9. Plasma CETP and LCAT determinations

CETP activity was determined according to Ogawa and
Fielding [39], which measures the mass transfer of
cholesterol ester between HDL and Apo B containing
lipoproteins. Thus, physiological CETP activity was found
through an analysis of the decrease in HDL cholesterol ester
mass between 0 and 6 h, without LCAT inhibition. Samples
were incubated at 37°C for 6 h in a shaking water bath.
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Following this period, total, HDL and free plasma
cholesterol were measured, and previously described
calculations were performed [40]. LCAT activity was
determined by an endogenous self-substrate method, which
involves mass analysis of the decrease in plasma free
cholesterol between 0 and 6 h at 37°C. Assays were carried
out concurrently with measurements of CETP. Both of these
methods have been standardized in our laboratory.

2.10. Nutrient analysis

Daily diet records were analyzed for energy, macronu-
trient composition, cholesterol and fiber intake using the US
Department of Agriculture National Nutrient Database for
Standard Reference as part of Nutritionist Pro Software (First
Data Bank, Inc., version 1.1).

2.11. Statistical analysis

Sample size analysis revealed that 11 subjects were
needed to detect a difference from untrained to trained in all
plasma lipid measures. Values are reported as means+S.E.M.
Two-way ANOVA was used to analyze diet and exercise
effects and interactions. Paired ¢ tests were used to detect
differences in physical characteristics, TC, LDL-C, HDL-C,
TG, LDL/HDL, apolipoproteins, LCAT and CETP at
baseline and following 6 weeks of exercise training. The
level for statistical significance was set at P<.05.

3. Results
3.1. Baseline and post-training subject characteristics

Baseline (Untrained) and post-endurance training
(Trained) characteristics for the Egg (n=3 males, 2 females)
and No-Egg (n=3 males, 3 females) groups are presented in
Table 1. No differences were noted between groups for any
of the criterion measures at baseline or post-training. From
pre- to post-training, the Egg group experienced an increase

Table 1
Baseline (Untrained) and post endurance training (Trained) subject
characteristics for Egg and Non-Egg diet groups?®

Characteristic Untrained Trained
Egg No Egg Egg No Egg

Age (years) 20.3+0.5 21.24+0.5 20.3+0.5 21.5+0.6
Height (cm) 170.5+4.3  167.2+7.2 170.5+4.3 167.2+7.2
Weight (kg) 79.9+8.4 76.6+8.5 79.6+8.0 75.7+8.5
REE (kcal day ")  1591+183  1644+191 1709+179*  1739+189
VOopeak 41.9+3.4 38.6+2.4 46.1+4.4* 41.8+2.7*

(ml kg™' min™ ")
Body fat % 26.3+4.3 33.245.7 26.3+4.9 32.945.7
Fat free mass (kg) 55.8+5.6 47.246.8 55.8+5.7 47.8+6.9
Run time 30:06+3:07 33:47+2:24 27:22+3:42* 29:06+2:06 *

trial (min)

? Values expressed as mean+S.E.M. Egg group: n=3 males, 2 females;
No-Egg group: n=3 males, 3 females.
* Indicates within-group differences from Untrained to Trained (P<.05).

Table 2

Energy and dietary carbohydrate, fat, protein, fiber, cholesterol, saturated
fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA) intake for Egg and No Egg groups?

Nutrient Egg No Egg
Energy [kcal (kg BW) ! day '] 3343 312
Carbohydrate (% energy) 60+1 611
Fat (% energy) 28+1 28+1
SFA (g day ") 24.3+1.5 22.0+1.9
MUFA (g day™ ") 22.3+1.6 21.4+1.1
PUFA (g day ") 18.742.3 19.7+1.2

Protein (% energy) 12+1 11+l

Protein [keal (kg BW) ™' day '] 0.91+0.06 0.80+0.07
Fiber (g day ) 19.3£0.8 20.1+0.4
Cholesterol (mg day ') 468.5+21.4 * 159.2+4.5

BW, body weight; %, percent of total calories.

? Values are expressed as mean=S.E.M. Egg group: n=3 males, 2
females; No-Egg group: n=3 males, 3 females.

* Indicates significant difference as determined by independent ¢ test
(P<.01).

in REE and VO,pe (P<.01) and a significant increase in
the 3-mile time trial performance (P<.05). The No-Egg
group also experienced an increase in VOjpe (P<.01)
and in 3-mile time trial performance (P<.01).

3.2. Dietary intervention

Mean daily energy, macronutrient intake, grams of
protein per kilogram body weight, and grams of fiber and
cholesterol intake are shown in Table 2. Average daily fiber,
cholesterol, saturated fatty acids (SFAs), monounsaturated
fatty acids (MUFAs) and polyunsaturated fatty acids
(PUFAs) are also shown in Table 2. No differences were
observed between diet groups in energy intake expressed per
kilogram body weight; percentage of total calories that
carbohydrates, fat and protein represented in the diet; or fiber
intake. The only dietary variable different between groups
was the higher cholesterol intake in the Egg vs. No-Egg
group (468.5+21.4 vs. 159.2+4.5, P<.01).

3.3. Plasma lipids and apoproteins

Plasma lipid and apoprotein responses to training were
independent of diet group (i.e., Egg vs. No Egg). Therefore,
all plasma lipid, apolipoprotein, LCAT and CETP data were
pooled and differences in the concentrations of these
variables between Untrained and Trained are presented

Table 3
Plasma lipid values in healthy adults at baseline (Untrained) and after
6 weeks of endurance training (Trained)*®

Untrained Trained Paired ¢ test
TC (mg dI™") 163.9+41.8 151.2426.0 NS
LDL-C (mg dl'") 84.8+36.7 65.6+19.1 NS
HDL-C (mg dI"") 60.6+15.4 66.0+15.9 P<.05
TG (mg dl'") 93.1+£52.0 105.3+48.7 NS
LDL/HDL 1.5£1.0 1.1£0.4 P<.05

? Values are expressed as mean+S.E.M. for 11 subjects.
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Table 4
Plasma apoproteins, LCAT and CETP activities in healthy adults at baseline
(Untrained) and after 6 weeks endurance training (Trained)®

(Table 4). Plasma LCAT activity was unresponsive to aerobic
exercise training, but plasma CETP decreased 32% from
Untrained to Trained (P<.05).

Untrained Trained P value
Apo B (mg dI'") 71.549.0 57.8+13.3 <.05 . .
Apo C-I (mg dI"')* 3.841.4 3.7£1.0 NS 4. Discussion
Apo C-III (mg dI™") 15.4+3.7 15.043.5 NS
Apo E (mg dI™") 3.5£0.7 3.2+0.8 NS The present study compared the plasma lipid and
LCAT (umol h;l L* 17.345.0 18.2+4.1 NS apolipoprotein profiles of normolipidemic subjects follow-
CETP (umol h™' L) * 22.246.9 15.3£5.7 <.05

# Values are expressed as mean+S.E.M. for 11 subjects. *n=8.

(Tables 3 and 4). There were no differences in TC, LDL-C or
TG in response to the exercise treatment (Table 3). However,
a borderline significant decrease (21%) in plasma LDL-C
(P=.06) was observed. In addition, subjects experienced a
10% increase in HDL-C and a 27% decrease in LDL/HDL
following the 6-week progressive, aerobic training interven-
tion. A significant negative correlation was observed between
changes in LDL-C vs. HDL-C (Fig. 1; R*=0.3413, P<.05).
Although subjects experienced no significant decrease in
LDL-C in response to training, concentrations of plasma Apo
B were reduced by 19% (P<.05; Table 4). No differences
were observed in the plasma concentrations of Apo C-I, Apo
C-IIT or Apo-E following exercise training.

3.4. Plasma LCAT and CETP

Plasma LCAT and CETP activity changes in response to
exercise training were also independent of diet group (i.e.,
Egg vs. No Egg). Therefore, all plasma LCAT and CETP
measures were pooled and differences in the concentrations
of these variables from Untrained to Trained are reported

ing 6 weeks of progressive, aerobic exercise training while
consuming an egg or no-egg diet for 8 weeks. The major
findings were that short-term, aerobic exercise training
without weight loss or changes in body composition
improved plasma lipid and lipoprotein profiles of subjects
regardless of daily egg consumption. More specifically, both
diet groups experienced increases in HDL-C, borderline
significant decreases in LDL-C, an improved LDL-C/HDL-
C and decreased plasma Apo B concentrations and CETP
activity. These findings are significant in that observations
(1) support the effectiveness of aerobic exercise training for
positively impacting plasma lipids, lipoproteins and lipo-
protein metabolism, and (2) suggest that eggs can be
routinely incorporated into the diets of healthy, normolipi-
demic individuals beginning an endurance training program
without negatively impacting the improvements in cardio-
vascular risk factors usually reported with aerobic training.
Furthermore, eggs have been reported to increase plasma
HDL-C in men and pre-menopausal women [28,29].

4.1. Effects of aerobic exercise training on plasma
lipid profiles

Endurance exercise training is often associated with
improvements in plasma lipid profiles. Most cross-sectional

Changes in LDL-C v. HDL-C

Change in HDL-C

25 A

-140 -120 -100 -80 -60

R® =0.3413, P <0.05

P

Change in LDL-C

Fig. 1. Pearson correlation between changes in LDL-C vs. HDL-C in 11 healthy adults before and after a 6-week aerobic training program.
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studies comparing trained athletes with sedentary counter-
parts report that trained individuals have more favorable lipid
profiles [6—10] characterized by any one or more of the
following: higher circulating levels of HDL-C; lower plasma
levels of TC, LDL-C, VLDL and TG; or lower LDL/HDL.
However, results from longitudinal studies are less consis-
tent. In general, many studies report favorable changes in
lipid profiles [13,14,17,19] that usually reflect increases in
HDL-C and decreases in TG. However, results are incon-
sistent [41] and discrepancy in the data has been attributed to
differences in training volume [20], baseline plasma lipid
concentrations [12], lack of dietary control during training
and prior to measurements [41], and changes in body weight/
fat which occur during the training period among other
potential variables [41]. The present study controlled for
training and diet variables, baseline lipid values and
maintenance of body weight.

We observed favorable alterations in plasma lipids in
both diet groups following 6 weeks of progressive aerobic
exercise training without changes in body weight, lean
body mass or body fat. Concentrations of HDL-C
increased, the LDL/HDL ratio improved, decreases in
LDL-C were borderline significant and changes in LDL-C
were negatively correlated with changes in HDL-C. No
changes in TC or TG were observed. Overall, blood lipid
profiles became less atherogenic. These results are not
unique [11,14,19] among studies employing a comparable
training protocol and controlling for diet and body weight/
fat changes in a similar population. Altena et al. [19]
observed increases in HDL-C and decreases in LDL-C
and TC following just 4 weeks of endurance training
(5 days-week '; 30 min-session™; 75% HRun.) without
weight loss in a similar population. Thompson et al. [14]
also reported increases in HDL-C, but also noted decreases
in TG, following 14 weeks of exercise training (5 days-week ';
60 min-session™; 80% HR,,,.x) without weight loss in adult
men with high intakes of cholesterol (~400 mg-day ).
Different from our study, Thompson investigated only adult
men, who generally experience greater decreases in TG
concentrations than females [41], which may partially
account for this difference in TG responses between
studies. Also, the small sample size in the present
study may have limited detection of these changes in
study males. In another investigation, Thompson et al.
[11] reported a 10% increase in HDL-C in overweight
men engaging in 12 months of aerobic exercise training
(4 days-week '; 60 min-session; 60-80% HR ) without
weight loss. Grandjean et al. [16] used a similar study
design and reported decreases in HDL-C (5.5%) in women
following 12 weeks of endurance training (4d-week ';
45 min-session; 50-70% VOpma) With weight mainte-
nance. Differences in study populations and diet design
may partially account for contradictory findings. In total,
data from the present study are consistent with the majority
of similar works documenting a benefit of aerobic exercise
training on plasma lipid profiles.

Observations from three recent studies suggest aerobic
exercise training might actually exert protective cardiovas-
cular effects by shifting the size, and hence atherogenicity, of
the HDL and LDL subparticles [10,17,19], even without
impacting pre-training total plasma lipid concentrations
[18,19]. For example, Halverstadt et al. [17] report that
following 24 weeks of aerobic training (3—4 days-week ';
40 min-session™; 50—70% VOsmax), older men and women
experienced decreases in TC, LDL-C and TG plasma levels;
increases in HDL-C concentrations; as well as increases in
mean HDL-C particle size (larger subfractions are more
protective against CHD). They noted a tendency for LDL-C
particle size to increase (larger subfractions are less
atherogenic). Similarly, Altena et al. [19] endurance trained
healthy men and women for 4 weeks (5 days-week '; 30
min-session™'; 75% HR,,..x) and observed a less atherogenic
blood lipid profile characterized by decreases in plasma TC
and LDL-C concentrations, no change in HDL-C levels, but
increases in HDL, (a larger size HDL-C subfraction) and in
mean LDL particle size. Finally, following 8 months of
endurance training (32.2 km jogging-week '; 65-80%
VOsmax), Kraus et al. [18] document no changes in LDL-C
plasma concentrations, but increased and decreased levels of
larger and smaller LDL subparticles, respectively, creating a
less atherogenic profile overall.

4.2. Effects of endurance exercise training on
plasma apolipoproteins

Less often, studies characterize changes in plasma
apolipoproteins in response to endurance exercise training.
However, some apolipoproteins are important markers of
lipoprotein remodeling making them potentially important to
evaluate. In the present study, 6 weeks of endurance training
decreased apolipoprotein B (Apo B), but failed to alter
apolipoproteins C-I, C-IIT or E regardless of diet group.

Apo B is the major apolipoprotein of LDL and is required
for VLDL secretion as well as LDL uptake. Both LDL and
VLDL have been associated with increased risk of CHD;
therefore circulating Apo B concentrations are considered an
independent risk factor for CHD [42]. The decreased
concentrations of Apo B following aerobic exercise training
we observed support the reports of some [11], but contradict
the observations of others [15,16] from analogous studies.
However, regardless of the direction of the Apo B changes,
Apo B alterations typically mirror those of LDL-C [20]. We
observed such a change in this study, with decreased Apo B
levels paralleling the borderline significant decreases in
LDL-C concentrations.

Apo C-I inhibits the binding of lipoproteins to receptors,
is the principal plasma inhibitor of CETP activity and
prevents fatty acid uptake by tissues [43], while Apo C-III
inhibits the activity of lipoprotein lipase (LPL), thereby
decreasing lipolysis and elevating plasma TG concentrations
[43]. We are not aware of any other exercise training studies
which evaluated these apolipoprotein response. In the
present study, endurance training failed to alter plasma
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Apo C-III concentrations which may, in part, explain the lack
of change in TG levels.

Apo E is the major ligand for the removal of
chylomicron remnants returning to the liver and can
contribute to increases in plasma TG by displacing Apo
C-lII (LPL activator) from TG-rich lipoproteins, thereby
limiting their interaction with LPL [44]. There are
essentially no exercise training studies in healthy indivi-
duals with comparable controls that have measured Apo E
concentrations. In the present investigation, no changes
were identified in plasma Apo-E concentrations after 6
weeks of aerobic exercise training. The importance of this
finding requires further research.

4.3. Effects of exercise on plasma LCAT and CETP activity

Lecithin cholesterol acyltransferase (LCAT) and choles-
terol ester transfer protein (CETP) are enzymes involved in
the modification of plasma lipoprotein particles, especially
HDL. LCAT is responsible for the conversion of free
cholesterol into cholesterol esters (CE) which are taken up by
discoidal HDL to form spherical HDL. CETP is a
glycoprotein that circulates in plasma bound primarily to
HDL [45]. It is known to transfer CE from HDL to LDL and
other TG-rich lipoproteins and from TG-rich lipoproteins to
HDL and LDL [46].

With respect to LCAT, cross-sectional investigations
report increased LCAT activities [47,48] in endurance-
trained individuals. Longitudinal studies analogous to the
current study in terms of design, control and populations
report increases [49] or no changes [16] in plasma LCAT
activity. In the present study, no changes were observed in
LCAT activity from pre- to post-endurance training.

Plasma CETP activity decreased following 6 weeks of
endurance training in the current study. These findings
parallel those of Seip et al. [50] who reported decreases in
CETP activity in 57 healthy, normolipidemic men and
women following 9—12 months of aerobic exercise training
(3-5 days-week_l; 45-60 min-session”'; 65-85% HR0x)
without weight loss. However, these results conflict with the
observations of at least one cross-sectional investigation [47]
reporting elevated concentrations of CETP in aerobically
trained persons which presumably reflect an enhanced
reverse cholesterol transport system. CETP is known to be
both pro- and anti-atherogenic depending on the metabolic
context in which the concentrations are interpreted [46].
When decreases in CETP are accompanied by significant
increases in HDL-C concentrations, as they were in the
current study, the metabolic consequences appear to be
antiatherogenic and reflect an enhanced reverse cholesterol
transport [46].

4.4. Effects of high dietary cholesterol/egg consumption on
plasma lipids, apolipoproteins and lipid metabolism

Despite years of research failing to implicate habitual
egg consumption in the development of atherosclerosis,

eggs have long been promoted as a heart unhealthy
food because of the high cholesterol content of its yolk
(213 mg). High dietary cholesterol was first associated
with elevated plasma cholesterol levels [22] which were
first associated with increased CHD risk [21] during the
1960s. Even though egg intake has not been associated
with CHD risk, researchers have observed increases in
plasma cholesterol levels in humans following habitual
intake of eggs providing cholesterol in excess of the
upper limit recommended by the AHA, USDA and
DHHS for promoting heart health [26-28,51,52]. How-
ever, this response, which typically occurs in 1/3 of the
population, has been characterized by increases in both
LDL-C and HDL-C, which maintain the LDL-C/HDL-C,
an important marker for CHD risk. We have documented
this response in children [26], younger adults [27,28] and
the elderly [51,52].

In the present study, despite consuming 12 eggs-week '
(468.5 mg cholesterol-day '; 365 mg-day ' additional
dietary cholesterol from eggs), the Egg group experi-
enced no increases in LDL-C. In fact, following
6 weeks of aerobic exercise, the blood lipid profiles
of the Egg group were the same as those of the Non-
Egg group characterized by increases in HDL-C,
borderline significant decreases in LDL-C and decreases
in the LDL-C/HDL-C. Furthermore, it suggests that
routine aerobic exercise expending ~2500 kcal-week '
is an important component of interventions designed to
optimize or improve heart health in healthy, normolipi-
demic populations.

4.5. Conclusion

We conclude that an aerobic exercise program is an
effective intervention for modestly improving plasma
lipid and lipoprotein profiles in healthy, normolipidemic
previously unfit subjects. Furthermore, although the small
sample size might limit the generalization of these results,
the findings suggest that persons habitually consuming
eggs supplying cholesterol in excess of that recommended
by the AHA, USDA, DHHS and IOM still experience
favorable changes in plasma lipids, apolipoproteins and
lipid metabolism that commonly occur in response to
aerobic exercise training. Combined, the results of these
interventions will be valuable in the regular reevaluation
of the AHA, ACSM, USDA and DHHS physical activity
and dietary guidelines with regard to what exercise and
dietary interventions are effective for optimizing blood
lipid levels to minimize CHD risk in the young, healthy
adult population.
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