Changes in High-Density Lipoprotein-Cholesterol Subfractions With Exercise
Training May be Dependent on Cholesteryl Ester Transfer Protein
(CETP) Genotype
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We sought to determine if a cholesteryl ester transfer protein (CETP) gene locus variation contributes to the variability in the
responses of plasma high-density lipoprotein-cholesterol (HDL-C) and its subfractions to endurance exercise training. Middle-
to older-aged men and women with at least 1 lipoprotein-lipid risk factor underwent 6 months of endurance exercise training
while on a low-fat diet. Plasma lipid levels were measured by nuclear magnetic resonance (NMR). Initial age, body compo-
sition, lipoprotein-lipid profiles, and Vo,max did not differ between the 2 CETP genotype groups (B1B1, n = 16; B1B2, n = 14).
With exercise training, Vo,max increased, and body weight, total body fat, and computed tomographic (CT) intra-abdominal
visceral fat decreased similarly in both CETP genotype groups. Plasma total cholesterol and low-density lipoprotein-
cholesterol (LDL-C) levels did not change significantly with training in either genotype group. HDL,\r-C levels increased with
exercise training in CETP B1B1 (P < .05), but did not change in CETP B1B2 genotype individuals. HDL;ys-C levels tended to
decrease with training in CETP B1B1 persons and HDL,yx-C levels tended to increase with training somewhat more in CETP
B1B2 individuals, but these differences were not significant. HDL;5-C levels increased similarly with exercise training in the
2 groups. The integrated HDL; g\u5-C levels increased with exercise training in CETP B1B2 (P < .05), but did not change in
CETP B1B1 genotype individuals. Apolipoprotein E (APO E) or lipoprotein lipase (LPL) Pvull genotype did not associate with
HDL-C subfraction changes with training. Thus, CETP genotype may contribute to the interindividual differences in plasma
HDL-C subfraction changes occurring with endurance exercise training in sedentary middle- to older-aged men and women.
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HOLESTERYL ESTER transfer protein (CETP) cata-

lyzes the exchange of triglycerides (TG) and cholesterol
esters among plasma lipoproteins. CETP causes the net transfer
of cholesterol from high-density lipoprotein (HDL) to very—
low-density lipoprotein (VLDL), chylomicrons and low-den-
sity lipoprotein (LDL), in exchange for TG.! The resulting
TG-rich HDL particles are then hydrolyzed by hepatic TG
lipase to produce small, dense HDL particles that are relatively
cholesterol-deficient. The importance of CETP activity in the
metabolism and composition of HDL particles is clearly dem-
onstrated in individuals with genetic CETP deficiency.? As a
result of its involvement in these critical reactions, CETP
clearly has a significant impact on plasma lipoprotein compo-
sition.

A TaqlB polymorphic variation in intron 1 of the CETP
gene is relatively common in most populations studied, with B1
and B2 allele frequencies of approximately 0.57 and 0.43,
respectively.37 Though presumed to be nonfunctional, this
variant associates with plasma CETP concentration, mass, and
activity and with a variety of phenotypes related to plasma
HDL-cholesterol (HDL-C) levels.?-7 Furthermore, many stud-
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ies report significant interactions between CETP Taq1B geno-
type and such environmental factors as smoking, alcohol in-
gestion, and obesity to affect plasma HDL-C levels.>+78
Dullaart et al® also recently reported that CETP TaqlB geno-
type interacted with diet alterations to differentially affect
plasma HDL-C level changes in a prospective study in type 1
diabetics.

Endurance exercise training is another lifestyle alteration
that affects plasma HDL-C levels. Most training studies con-
tinued for longer than 12 weeks report at least a 5 mg/dL
increase in plasma HDL-C levels.!® However, there is substan-
tial interindividual variability in plasma HDL-C responses to
even highly standardized endurance exercise training pro-
grams.'! This raises the possibility that genetic factors may
affect the degree to which plasma HDL-C and its subfractions
change in response to prolonged endurance exercise training.
Therefore, because CETP is intimately involved in plasma
HDL-C metabolism, we hypothesized that CETP Taq1B geno-
type would differentially affect the degree to which middle- to
older-aged healthy individuals would alter their plasma HDL-C
and HDL-C subfractions with prolonged endurance exercise
training.

MATERIALS AND METHODS

Thirty-two healthy sedentary Caucasian men (n = 15) and women
(n = 17) volunteered to participate in this study to assess the genetic
determinants of plasma lipoprotein-lipid changes with endurance ex-
ercise training in middle- to older-aged individuals. Subjects responded
to media advertisements and were initially screened via telephone to
assess their interest in and suitability for the study. The study was
approved by the Institutional Review Board at the University of Mary-
land, College Park and all subjects provided their written consent
during their first laboratory visit. Subjects had to be sedentary, normo-
tensive or with blood pressure (BP) controlled with medications not
affecting plasma cholesterol levels, nondiabetic, nonsmoking, with no
prior history of cardiovascular disease, and with a body mass index
(BMI) less than 35 kg/m? All women were postmenopausal and
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maintained their hormone-replacement therapy (HRT) regimen, either
on or not on HRT, for the duration of the study.

Screening

Subjects’ medical histories were reviewed on their first laboratory
visit to ensure they met the study inclusion/exclusion criteria listed
above. They also had height and weight measured to ensure they had
BMI less than 35. Subjects had a blood sample drawn in the morning
after an overnight fast and had to have at least one National Cholesterol
Education Program lipid abnormality (cholesterol > 200 mg/dL, HDL-
C <35 mg/dL, TG > 200 but < 400 mg/dL). Each subject also had to
have plasma cholesterol and LDL-C less than the 90th and plasma
HDL-C greater than the 20th percentile for their age and sex to ensure
they did not have familial hypercholesterolemia. Subjects had a fasting
plasma glucose level determined and underwent a 2-hour 75-g oral
glucose tolerance test. Those with fasting glucose greater than 126
mg/dL or 2-hour glucose greater than 200 mg/dL were excluded from
the study. Subjects completed a maximal treadmill exercise test with
BP and electrocardiographic monitoring to screen for cardiovascular
disease. Subjects whose exercise test was terminated for cardiovascular
signs or symptoms!'? were excluded from the study.

Dietary Stabilization

All qualified subjects then completed 6 weeks of instruction in the
principles of an American Heart Association Step 1 diet, which con-
sisted of less than 30% calories from fat, approximately 55% from
carbohydrates, and 15% from protein with cholesterol intake less than
300 mg/d.'3 Subjects completed 7-day food records during this dietary
program and had to adhere to the prescribed diet for more than 3 weeks
prior to beginning baseline testing.

Baseline Testing

At the completion of the dietary program and prior to beginning
exercise training, all subjects completed baseline testing that consisted
of plasma lipoprotein-lipids, body composition, and Vo,max assess-
ments. Plasma lipoprotein-lipid profiles were measured on a blood
sample drawn after an overnight fast and analyzed using nuclear
magnetic resonance (NMR) techniques (LipoMed, Raleigh, NC) that
were previously standardized and validated against plasma lipoprotein-
lipid levels determined by more conventional methods of separation
and analysis.’* In NMR analyses of plasma lipoprotein-lipid levels,
HDL, yumr-C is roughly equivalent to HDL;.-C determined by conven-
tional separation and analysis methods; HDL,\r—C is roughly equiv-
alent to HDL;,-C; HDLjwr—C is roughly equivalent to HDL,,-C;
HDL 4\Mr—C is roughly equivalent to HDL,,-C; and HDLgyz—C is
roughly equivalent to HDL,,-C. Body composition was assessed by
dual-energy x-ray absorptiometry (DPX-L; Lunar Corp, Madison, WI)
and intraabdominal and subcutaneous fat were quantified at L4-L5
using a standardized CT protocol.'S Vo,max was measured during a
modified treadmill protocol that was terminated when the subject was
unable to continue.!®

Genotyping

All subjects had DNA isolated from peripheral monocytes'” and the
DNA was typed at the CETP TaqlB locus for B1 and B2 allelic
variants.'® One man and one woman were CETP B2 homozygotes.
Because of the low frequency of this genotype they were excluded from
final statistical analyses, resulting in a final sample size of 30 subjects.
Subjects were also typed at the apolipoprotein E (APO E) and lipopro-
tein lipase (LPL) Pvull loci as we have previously shown that common
allelic variants at these loci may affect the degree to which middle- to
older-aged sedentary men increase their plasma HDL- and HDL,-C
levels with prolonged endurance exercise training.!?-2°
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Exercise Training

Exercise training took place 3 days per week under the direct
supervision of study personnel. All training sessions began and con-
cluded with 10 to 15 minutes of stretching/warm-up and cool-down
exercises, respectively. Training intensity was monitored with wrist
heart rate monitors. Training started with 20 minutes of exercise per
session at 50% Vo,max. Training duration was increased by 5 minutes
each week until 40 minutes of exercise at 50% Vo,max was completed.
Training intensity was then increased by 5% Vo,max per week until a
training intensity of 70% Vo,max was achieved. After 12 wks of
training, a lower intensity 45- to 60-minute walk at home on the
weekend was incorporated into the training program. Only subjects
who completed greater than 75% of training sessions at the prescribed
intensity, duration, and frequency were included in the final data
analyses. Subjects completed 7-day food records 2 to 3 times during the
exercise training portion of the study to ensure they continued to adhere
to the prescribed diet. Some subjects lost a moderate amount of weight
during the exercise training portion of the study, but not as a result of
an absolute caloric restriction as the amount of weight lost was less
than that expected based on their total exercise training energy expen-
diture.

Final Testing

After training, all subjects completed the same plasma lipoprotein-
lipid, body composition, and VO,max assessments as prior to training.
The blood sample for plasma lipoprotein-lipid levels after training was
drawn 24 to 36 hours after each subject’s prior exercise training
session.

Statistics

All data are presented as the mean = SE. Initial subject character-
istics and the different components of the plasma lipoprotein-lipid
profile were compared between CETP B1B1 and B1B2 genotype
groups using analysis of variance (ANOVA). Changes in the different
variables from before to after exercise training were compared between
CETP B1B1 and B1B2 genotype groups also using ANOVAs. A P
value less than .05 was considered statistically significant.

RESULTS

There were somewhat more women in the CETP BI1B1
genotype group and somewhat more men in the CETP B1B2
genotype group, but these differences were not significant
(Table 1). All of the women in the CETP B1B2 genotype group
were on HRT, while only half of the CETP B1B1 genotype
women were on HRT (Table 1). Statistical analyses between
CETP B1B1 genotype women on and not on HRT revealed no
differences or trends towards differences in baseline variables
or changes with exercise training. Therefore, HRT status was
not considered further in the statistical analyses. There were no
differences in exercise training-induced responses between
men and women; therefore, their results are combined for all
analyses.

Initial values for age, body weight, total body fat, CT intra-
abdominal and subcutaneous fat, and Vozmax in L/min and
mL/kg/min did not differ significantly between the 2 CETP
genotype groups (Table 1). Initial plasma lipoprotein-lipid pro-
files also were not significantly different between the 2 CETP
genotype groups (Table 2).

With exercise training, Vo,max expressed both in terms of
L/min and mL/kg/min increased significantly in the entire
population, in both CETP genotype groups, and to the same
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Table 1. Subject Characteristics and Their Changes With Exercise
Training as a Function of CETP Genotype

CETP Genotype

B1B1 B1B2
Characteristic (n = 16) (n = 14)

Female/male 10/6 6/8
% females on HRT 50% 100%
Age (yr) 56 + 1 56 + 1
Weight (kg)

Initial 84 +4 79 =4

Change with training -0.8 = 0.5 -1.2 = 0.5*%
Body fat (%)

Initial 38*2 34 *2

Change with training —1.0 = 0.4* -0.9 = 0.4*
CT intra-abdominal fat (cm?)

Initial 146 = 10 128 = 11

Change with training —16 = 6% —-19 = 6%
CT subcutaneous Fat (cm?)

Initial 336 + 31 284 + 33

Change with training -12+7 1+8
Vo,max (L/min)

Initial 21 +0.1 2.1 *0.2

Change with training 0.3 +0.1* 0.3 +0.1*
Vo,max (mL/kg/min)

Initial 25 1 26 =1

Change with training 3.7 £ 0.6* 4.7 = 0.6*

NOTE. Values are expressed as means * SE. All baseline and
change with training values are not significantly different between the
2 CETP genotype groups.

*Change with training within that genotype significant at P<.05.

extent in both CETP genotype groups (Table 2). Body weight
decreased slightly, but significantly, in the entire group with
exercise training. However, the body weight reductions with
exercise training were significant and similar in the 2 CETP
genotype groups. Total body fat and CT intra-abdominal fat
also decreased significantly and to the same degree with exer-
cise training in the 2 CETP genotype groups. CT subcutaneous
fat did not change significantly with exercise training in the
entire group and the changes with exercise training in the 2
CETP genotype groups also were not significantly different.
Plasma total cholesterol and LDL-C levels did not change
significantly with exercise training in the entire group, in either
CETP genotype group, or differently between the two CETP
genotype groups (Table 2). HDL, \r-C Was not evident in any of
the subjects in the present study. HDL,\\r-C levels increased
significantly with exercise training in CETP B1B1 genotype indi-
viduals, but did not change significantly with exercise training in
CETP BI1B2 genotype individuals. Furthermore, HDL,\z-C
responses to exercise training were significantly different between
the 2 CETP genotype groups (P < .05). HDL;\z-C levels
tended to decrease with exercise training in CETP B1B1 genotype
individuals, and to not change with exercise training in CETP
B1B2 genotype individuals. However, these differences between
CETP genotype groups were not statistically significant.
HDL ,\\r-C levels tended to increase with exercise training
somewhat more in CETP B1B2 compared to B1B1 genotype
individuals, although again the differences were not significant.
HDL\z-C levels tended to increase with exercise training and
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to the same extent in the 2 CETP genotype groups. The integrated
HDL; 5,mr-C levels increased with exercise training in CETP
B1B2 genotype individuals, whereas they did not change in CETP
BIB1 genotype individuals; the integrated HDL; 5\ \z-C re-
sponse differences between the 2 CETP genotype groups were
statistically significant.

Differential changes in plasma HDL-C subfractions with
exercise training were not associated with APO E or LPL Pvull
genotype in these individuals (data not shown). Furthermore,
the differential changes in HDL-C subfractions with exercise
training as a function of CETP genotype in these individuals
were not affected by APO E or LPL Pvull allelic variants.

DISCUSSION

Endurance exercise training longer than 12 weeks in duration
generally reduces cardiovascular disease risk by improving
plasma lipoprotein-lipid profiles, specifically by increasing
plasma HDL- and HDL,-C levels.!® However, interindividual
plasma HDL- and HDL,-C responses to even standardized
exercise training interventions are highly variable!! with a
substantial number of individuals not eliciting increases in
plasma HDL- and HDL,-C levels. We found that a common
TaqlB CETP locus polymorphic variation may account for
some of the interindividual variability in plasma HDL-C sub-

Table 2. Initial Plasma Lipoprotein-Lipid Levels and Their Changes
With Exercise Training as a Function of CETP Genotype

CETP Genotype

B1B1 B1B2
(n = 16) (n = 14)

Cholesterolymr

Initial 216 + 9 202 +9

Change with training -2+*6 67
LDLywmgr-C

Initial 144 =7 1337

Change with training -3*6 4+6
TGnmr

Initial 134 = 15 145 = 16

Change with training -14 =12 —-20 =12
HDLymg-C

Initial 43 +3 38+3

Change with training 2+1% 5+ 1%
HDL,nwr-C

Initial 121 £1.9 14.2 £ 2.0

Change with training 2.8 = 1.4*t -1.1=x15
HDLznmr-C

Initial 15.0 + 2.7 11.7 £ 29

Change with training —-4.5*+21% 0.2 +22
HDL,nmr-C

Initial 12.7 = 1.7 10.2 = 1.8

Change with training 2.6 + 1.3t 4.7 £ 1.4t
HDLsnmr-C

Initial 3.2*15 23*1.6

Change with training 1.3+0.8 1.4+09
HDL3 snmr-C

Initial 30.7 £ 4.3 242 + 4.6

Change with training —-0.6 = 2.0 6.2 = 2.1*t

NOTE. All values are expressed as means = SE in units of mg/dL.
*Difference between 2 CETP genotype groups significant at P < .05.
tChange with training within that genotype significant at P < .05.
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fraction responses to prolonged, highly standardized endurance
exercise training in healthy middle- to older-aged men and
women. It is important to note that this genotype represents
approximately 50% of Caucasian populations. Therefore, this
polymorphic variation could have an impact on overall public
health as it is relatively common. The association of this allelic
variant with the plasma HDL-C subfraction responses to pro-
longed endurance exercise training was independent of 2 other
common polymorphic variants we have previously found to
associate with these responses.'®-20

CETP catalyzes the exchange of TG and cholesterol esters
between plasma lipoproteins and, therefore, has a significant
impact on plasma lipoprotein composition. Plasma CETP ac-
tivity transfers cholesterol from HDL to VLDL, chylomicrons
and LDL, in exchange for TG.! The resulting TG-rich HDL
particles are then hydrolyzed by hepatic TG lipase to produce
small, dense HDL particles that are relatively cholesterol defi-
cient. The importance of CETP activity in the metabolism and
composition of HDL particles has been demonstrated in indi-
viduals with genetic CETP deficiency. In these individuals,
reductions in CETP mass are associated with increased total
HDL-C and HDL,/HDL, ratios.? Polymorphic variation at the
CETP locus also associates with plasma CETP mass and ac-
tivity, with Taq 1B B1 homozygotes having the highest, het-
erozygotes intermediate, and B2 homozygotes the lowest lev-
els.>021.22 Ag is the case with genetic CETP deficiency,
individuals with the lowest CETP levels (B1 homozygotes)
have the highest HDL-C concentration,3>-8-21.22 while those
with the highest CETP levels (B2 homozygotes) have the
lowest HDL-C and HDL,/HDL; ratio.” While all of these out-
come phenotypes clearly alter an individual’s risk of developing
cardiovascular disease, recently Kuivenhoven et al*? also reported
that CETP Taq1B genotype had a significant effect on coronary
atherosclerosis progression with B1B1 individuals showing the
greatest reduction, B1B2 heterozygotes an intermediate reduction,
and B2B2 homozygotes the least reduction in coronary luminal
diameter in the longitudinal Regression Growth Evaluation Statin
Study (REGRESS) study. Thus, based on its relationship to car-
diovascular disease risk factors and direct clinical measures of
cardiovascular disease, CETP genotype would appear to be a
putative cardiovascular disease risk factor.

Substantial evidence indicates that CETP Taq1B allelic vari-
ation interacts with a number of environmental factors to affect
plasma HDL-C levels. Kondo et al reported that CETP geno-
type and plasma HDL-C level associations were evident in
smokers, but not nonsmokers.® Vohl et al reported that the
associations between CETP TaqlB genotype, plasma CETP
activity, and HDL-C levels were evident only in men with
abdominal obesity and some features of the insulin resistance
syndrome.* Hannuksela et al found that the associations be-
tween CETP TaqlB genotype and plasma lipoprotein-lipid
levels were affected by smoking and alcohol intake.? Freeman
et al found that the effect of CETP TaqlB genotype on plasma
HDL- and HDL,-C levels was not evident in smokers and was
diminished in obese individuals.” Thus, it is quite clear that this
common CETP TaqlB locus allelic variation interacts with a
number of environmental factors to affect plasma HDL-C lev-
els and probably also HDL-C subfractions.

There is some evidence that CETP TaqlB genotype influ-
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ences the change in critical clinical parameters with interven-
tions in individuals at high risk for cardivascular disease. Dul-
laart et al® reported that plasma lipoprotein-lipid changes with
a low-cholesterol diet were related to CETP Taq1B genotype in
middle-aged type 1 diabetics. They found that VLDL-C and
LDL-C levels decreased and HDL-C levels did not change with
this diet in a small number of B1B1 homozygotes, whereas in
a similar number of B1B2 heterozygotes VLDL-C and LDL-C
did not change and HDL-C levels decreased with this diet.
More recently, Kuivenhoven et al?? reported that during the
longitudinal REGRESS trial, pravastatin slowed the previously
higher rate of coronary luminal diameter reduction in B1B1
homozygotes, but not in CETP B2B2 genotype patients, who
initially had a slower rate of progression.

We observed an increase in HDL-C with exercise training in
the total population and in both CETP Taq1B genotype groups.
This increase tended to be somewhat greater in men and
women with the CETP B1B2 genotype, although the difference
did not achieve statistical significance. However, the changes in
the subfractions that contributed to the overall increases in
HDL-C levels with exercise training in the 2 CETP TaqlB
genotype groups were clearly different. Those men and women
with the CETP B1B1 genotype changed plasma HDL-C levels
with exercise training by increasing plasma HDL,\g-C lev-
els, while decreasing plasma HDL,y\z-C levels — both of
which changes appear to be proatherogenic.?3-25 They also
increased their antiatherogenic plasma HDL,,,x-C levels, but
their increase was only approximately 50% of the increase
evident in the B1B2 genotype men and women. On the other
hand, CETP Taq1B B1B2 genotype men and women decreased
plasma HDL,\\z-C levels somewhat, did not change
HDL;\r-C levels, and increased plasma HDL,,z-C levels
substantially, with all of these changes being antiatherogenic
compared to the changes in the CETP B1 homozygotes. Thus,
despite the facts that both CETP genotype groups completed
the same standardized exercise training intervention while
maintaining the same low-fat diet and showed the same
changes in other variables known to independently affect
plasma lipoprotein-lipid levels, they had substantially different
outcomes in the terms of HDL-C subfraction changes.

We found a significant association between CETP TaqlB ge-
notype and the changes in HDL-C subfractions with prolonged
endurance exercise training in a relatively small sample of sub-
jects. However, our findings contribute important results for a
number of reasons. First, the exercise training intervention was
prolonged and highly standardized and a standardized diet was
maintained throughout the study. Second, because this was a
longitudinal intervention study, data for the subjects after their
interventions were compared to their own baseline data, which is
clearly a powerful study design as opposed to the cross-sectional
nature of most of the previous studies of associations between
CETP TaqlB genotype and plasma HDL-C levels. Finally, the
study population was selected to be quite homogenous at the start
of the study and numerous potential confounding variables that
could independently affect plasma HDL-C levels were measured
and found to not change differently with the intervention between
CETP TaqlB genotype groups. Thus, we feel that these data
provide some initial evidence that CETP TaqlB genotype may
identify middle- to older-aged healthy sedentary men and women
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who improve their plasma HDL-C subfractions the most with
prolonged endurance exercise training. Unfortunately, because of
the relatively small sample size we were unable to address the
potential for gene-gene interactive effects with exercise training
for other loci we have previously found to affect the plasma
HDL-C changes with endurance exercise training.!®->° However,
the results indicate that the TaqlB CETP locus has a significant
effect on these responses, independent of APO E and LPL Pvull
genotype.

One limitation of this study clearly is the relatively small
sample size. Because of this limited statistical power it is
possible that we may have rejected hypotheses that there were
other significant genotype-dependent training adaptation differ-
ences (type 1 statistical error). On the other hand, it is also
possible that if our relatively small sample size is not truly
representative of the larger general population, we may have
accepted our hypotheses when, in fact, they should have been
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rejected (type 2 statistical error). Post hoc statistical power
calculations indicate that with our sample sizes of approxi-
mately 15 subjects per genotype group, we had 80% power to
detect a difference between genotype groups that was roughly
equal to the average SE for the 2 groups.

In summary, the present results provide some initial evidence
that a common CETP locus polymorphic allelic variant appears
to have a significant and independent effect on the degree to
which middle- to older-aged individuals improve their plasma
HDL-C subfractions with prolonged endurance exercise train-
ing. Future studies must determine if this is a robust putative
marker that conveys significant information in populations of
different ages and different ethnicity. It would also be important to
determine whether this genotype interacts with other common
polymorphic allelic variants related to plasma lipoprotein-lipid
metabolism to further influence the changes in plasma HDL-C
subfractions with prolonged endurance exercise training.
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